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PREFACE

This book is an outgrowth of Spinal Cord Compression, written by two of us for the Con-
temporary Neurology Series one decade ago. Since its publication, there have been dra-
matic advances in both the imaging as well as the treatment of many spine and spinal
cord diseases. Accordingly, in this new book we have expanded the scope to include a
neurosurgical perspective and a more in-depth discussion of the management of spine
and spinal cord diseases.

In the preface of Spinal Cord Compression, we noted that the book had its origin when,
on rounds, one of us was presented with an all-too-common scenario: a 50 year-old man
with known prostatic cancer presented to the Emergency Room in a paraplegic conditi-
tion. Tragically, the patient had been seen in another clinic 2 weeks previously, complain-
ing of back pain and leg weakness. The outcome in this case may have been preventable
by earlier diagnosis and treatment.

Spinal cord compression from neoplastic or nonneoplastic disease is a common clini-
cal problem. As in the case cited above, if undiagnosed and untreated it frequently pro-
gresses to permanent paraparesis and sphincter disturbances. Many times, spinal cord
compression is treatable. This book offers house officers and practicing clinicians an opti-
mal approach for evaluating and managing patients with spine and spinal cord diseases.

Since the publication of Spinal Cord Compression, magnetic resonance imaging (MRI)
and computerized tomography (CT) have replaced myelography as the preferred defini-
tive imaging techniques of the spine and spinal cord. MRI provides images of the spine
and neural structures in multiple planes showing neural compression to great advantage.
For intramedullary diseases, such as multiple sclerosis and acute transverse myelitis, MRI
may demonstrate the lesion and help to determine prognosis in some patients. Further-
more, the use of contrast enhancement may help distinguish active from remote lesions
in patients with multiple sclerosis. Contrast enhancement may also help to characterize
intradural-extramedullary lesions such as leptomeningeal metastases and arachnoiditis,
or to distinguish recurrent disc herniation from postoperative scar.

Rapid technological advances in imaging the spine are welcome, but we believe that
they cannot replace clinical judgment. For example, because most individuals over 50
years of age harbor radiographic evidence of spondylosis, the clinician must often decide
whether such a finding is incidental or responsible for a patient's neurological symptoms
and signs. In cases where findings are not recognized as only incidental, a patient may
undergo unnecessary surgery for "abnormalities," when the actual cause of a clinical syn-
drome remains undiagnosed and untreated. We believe that an understanding of patho-
physiology is an essential prerequisite to clinical judgment.

In writing this volume, we have first reviewed the relevant anatomy and clinical
pathophysiology of the spine and spinal cord. Because pain is the most common present-
ing complaint of patients with spine disease, we have devoted a chapter to pain and its
evaluation. Subsequent chapters examine degenerative diseases of the spine, such as
spondylosis and disc disease, and neoplastic forms of spinal cord compression. Noncom-
pressive forms of myelopathy such as inflammatory diseases, both noninfectious and in-
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vi Preface

fectious, and vascular diseases of the spine are presented. The final chapters re-
view evaluation and management principles of traumatic spine injury.

The three authors bring different backgrounds to this book. Following a fel-
lowship in neuro-oncology at Memorial Sloan-Kettering Cancer Center, Dr.
Byrne has been engaged in clinical aspects of neurology and neuro-oncology at
Yale. Dr. Benzel completed his neurosurgical and spine fellowship at Medical
College of Wisconsin and is currently the Director of Spinal Disorders in the
Department of Neurosurgery at the Cleveland Clinic Foundation. Dr. Waxman
has spent the past 2 decades at Stanford and Yale, combining a university-based
practice with research focusing on molecular aspects of neurological disease. In
bringing together perspectives gained from each of our professional experi-
ences, we have attempted to present a single, coherent approach to the evalua-
tion and management of spine and spinal cord diseases.

Many colleagues have helped us in the writing of this volume and we are in-
debted to them. We wish to thank Dr. Sid Gilman, who read the entire manu-
script and provided superb advice and encouragement. We are indebted to Dr.
Richard Becker who contributed previously unpublished imaging material. We
also thank Dr. Timothy Vollmer for his thoughtful advice regarding treatment
of multiple sclerosis. We are grateful to Lauren Enck, Nancy Wolitzer, and the
staff at Oxford University Press, for their diligence, patience, and editorial sup-
port during the development of this book.

Finally we thank Susan Hockfield, Elizabeth Byrne, Mary Benzel, Morgan
Culverhouse, Jason Culverhouse, Brian Benzel, Matthew Benzel, Merle Wax-
man, Matthew Waxman, and David Waxman. They know why we thank them.

September 1999 T.N.B.
E.C.B.
S.G.W.
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Chapter 1
ANATOMY AND BIOMECHANICS OF

THE SPINE AND SPINAL CORD

VERTEBRAL COLUMN ANATOMY: AN
OVERVIEW

Ventral Segment and Intervertebral Disc
Dorsal Segment
COMPONENT-SPECIFIC ANATOMY AND

BIOMECHANICS
The Vertebral Body
The Facet Joints
The Lamina, Spinal Canal, and Contents
The Pedicle
The Intervertebral Disc
The Transverse Process
The Spinous Processes
The Ligaments
The Muscle
Bone
Epidural Space
Meninges
SPINAL CORD
Gross Anatomy
Gray Matter
Muscle Stretch Reflex
White matter
Ascending Pathways
Descending Pathways
Vascular Anatomy
CONFIGURATION OF THE SPINE
BIOMECHANICS OF THE SPINAL COLUMN

AND SPINAL COLUMN FAILURE
Regional Characteristics and Variations

from a Biomechanical Perspective
Spinal Stability and Instability
THE MECHANISMS AND BIOMECHANICS

OF NEURAL ELEMENT INJURY
Biomechanics of Neural Injury
Iatrogenic Neural Element Injury

The spine is a segmented structure con-
sisting of a precisely aligned column of
vertebrae and their intervertebral articu-
lations. Its primary functions are (7) to
provide support for the trunk and head;
(2) to provide a protective covering for the
spinal cord; and yet, (3) to permit enough
flexibility to allow movement. In humans,
these functions are achieved through an
architecture based on a column of articu-
lated vertebrae that affords both struc-
tural support and mobility.

The spinal cord is also segmented, both
functionally and anatomically. Sherrington
first recognized that the nervous system is
hierarchically organized. He suggested
that the spinal cord is the first level of or-
ganization, where the most primitive mo-
tor reflexes are mediated through the
spinal nerve roots.1 Disturbed function of
these spinal roots often indicates disease
processes affecting the spine and spinal
cord. For example, patients with spinal
mass lesions frequently present with radic-
ular pain at the level of the injured nerve
root and with radicular motor, sensory, and
reflex disturbances. As spinal cord com-
pression ensues, ascending and descend-
ing tracts are injured, resulting in neuro-
logic disturbances caudal to the level of the
lesion. Although the localization and dif-
ferentiation of these diseases are frequently
vexing problems that require imaging and
laboratory studies for confirmation, the
physician is guided by the patient's clinical
history and physical examination.
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4 Diseases of the Spine and Spinal Cord

VERTEBRAL COLUMN
ANATOMY: AN OVERVIEW

The vertebral column (Fig. 1-1) normally
consists of 7 cervical, 12 thoracic, and 5
lumbar individual vertebrae; the sacrum,

Figure 1-1. The anatomical relationships between
the spinal cord segments, vertebral bodies, and in-
tervertebral foraminae. Note the disparity between
spinal segmental level and localization of corre-
sponding vertebrae. (From DeJong, RN,130 p. 61,
with permission.)

which is usually formed by the fusion of 5
vertebrae; and the coccyx. Variations in
the number and distribution of the cervi-
cal, thoracic, and lumbar presacral verte-
brae have been found in approximately
10% of skeletons.2 Most of these variations
are radiographically confusing but clini-
cally insignificant.

Ventral Segment and the
Intervertebral Disc

The functional spinal unit consists of two
vertebral bodies separated by an interver-
tebral disc (Fig. 1-2). The intervertebral
disc, which unites the adjacent vertebral
bodies to complete the functional ventral
segment, is attached to the apposing ver-
tebral end plates.

The combined height of the interverte-
bral discs normally contributes approxi-
mately 25% to the height of the spine above
the sacrum. There is a difference in the
vertical shape of the intervertebral discs
in the cervical region compared with that in
the lumbar region. In the lumbar region,
the vertical height of the intervertebral
discs is slightly greater ventrally than dor-
sally, contributing to lumbar lordosis. In
the cervical region, this difference is even
greater: The vertical height of the interver-
tebral disc ventrally measures approxi-
mately two times that dorsally.3 This
greater height in the ventral region substan-
tially contributes to the lordotic curve of the
cervical spine.

The intervertebral disc is composed of
a central nucleus pulposus encircled by
the annulus fibrosus (Fig. 1-3). Fibers of
the annulus fibrosus insert into the carti-
laginous end plates of the vertebral bod-
ies and the bony rim of the vertebral
body. The hyaline cartilaginous end
plates form the rostral and caudal bor-
ders of the nucleus pulposus, and the en-
circling annulus fibrosus forms the lat-
eral border. The annulus consists of a
series of concentric rings of fibroelastic
fibers that course obliquely between the
vertebral bodies (at about 30° with re-
spect to each other). The obliquity of
each successive ring is different from that
of the adjacent rings, providing for a



Figure 1-2. Anatomy of a typical vertebra. (From Hollinshead, WH,2 p. 304, with permission.)

strong and elastic annulus that unites the
vertebral bodies and confines the nu-
cleus pulposus.

In addition to its weight-bearing ability,
the ventral segment of the spine provides
shock absorption. This is accomplished
through the nucleus pulposus, which is

placed slightly dorsal to the center of
the intervertebral disc space in the lum-
bar spine. The nucleus pulposus, a mu-
copolysaccharide gel, is composed of 70%
to 88% water in the young healthy adult
and is deformable but not compressible.2

The incompressible nucleus pulposus,

Figure 1-3. Sagittal section through two vertebral levels demonstrating the location of ligaments. (From
Hollinshead, WH,2 p. 315, with permission.)

Anatomy and Biomechanics of the Spine and Spinal Cord 5



6 Diseases of the Spine and Spinal Cord

surrounded by the elastic annulus fibro-
sus, permits the intervertebral disc to
change its shape and thereby permits in-
tervertebral movement. For example,
when the spine is flexed, the nucleus pul-
posus moves from ventral to dorsal. The
intervertebral discs do not limit the direc-
tion of movement.

The mechanical stresses experienced
by the lumbar intervertebral discs have
practical importance. Using a needle
connected to a pressure transducer,
Nachemson measured the lumbar in-
tradiscal pressures of healthy and de-
generated discs in individuals during
the assumption of different postures.4

The intradiscal pressure increased as the
individual moved from the supine, to
standing, to sitting position. Further-
more, the pressure rose when the trunk
was flexed in the standing or sitting po-
sition (Fig. 1-4). The weight-bearing,
shock-absorbing capacity and mobility of
the ventral segment of the spine de-
pends on the deformable, but incom-
pressible, nature of the nucleus pulpo-
sus.

As the water content of the nucleus pul-
posus declines with age, individual discs
lose height. This contributes to the devel-
opment of osteophytes (spondylosis) of the
vertebral bodies, particularly at sites of
greatest mobility. The decline in water

content of intervertebral discs can be ap-
preciated in vivo with magnetic resonance
imaging (MRI), a technique very sensitive
to water content.5 On T2-weighted MRI
images, the normal hydrated disc is white
and the desiccated, degenerated disc is
black ("black disc").

Dorsal Segment

The dorsal spine segment protects the
spinal cord and establishes the direction
and extent of spine movement. The dor-
sal segment consists of pedicles, lamina,
transverse processes, spinous processes,
and articulating facets (see Fig. 1-2). The
pedicles and lamina form the lateral and
dorsal walls of the spinal canal.

Each dorsal segment contains a supe-
rior and inferior articular facet and a
pars interarticularis. At the intervertebral
level, each inferior articular facet articu-
lates with the superior articular facet of
its caudal neighbor. Unlike the interver-
tebral disc joint, facet joints are true sy-
novial joints, consisting of cartilage-cov-
ered apposing articular facets enclosed in
a synovial capsule. The plane of the ap-
posing articular facets determines the
direction of movement of the spine.
Whereas the intervertebral disc permits
limited movement in all directions, the

Figure 1-4. The relative change in pressure in the third lumbar disc during different postures. (From Nachem-
son, AL,4 p. 61, with permission.)
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facet joints limit direction to that gov-
erned by the orientation of the plane of
the apposing facets.

Like other synovial joints, the facet
joints may be the seat of inflammation.
Each synovial joint is innervated by
branches of the posterior division of two
spinal nerves.6 Since the facet joints are
adjacent to the exiting spinal nerve roots
at the intervertebral foramen, inflamma-
tion or spur formation may cause com-
pression of the nerve root and radicular
pain.

COMPONENT-SPECIFIC
ANATOMY AND BIOMECHANICS

The Vertebral Body

Both the width and depth of the vertebral
bodies (see p. 1-13) increase from the ros-
tral to the caudal segments of the
spine.7-11 The vertebral body height also
increases in a similar manner, with the ex-
ception of a slight reversal of this relation-
ship at the C6 and lower lumbar levels.7-11

In the cervical spine, the uncinate process
projects from the rostral-dorsal-lateral as-
pect of each vertebral body (C3-7) (Fig.
1-5). This forms part of the uncovertebral

joint, which allows an articulation of this
process with the vertebral body above.

The uncovertebral joint is, in fact, essen-
tially a dorsolateral extension of the inter-
vertebral disc. It participates in complex
neck movements7,12

The increase in vertebral body size
from rostral to caudal correlates with the
strength of the vertebral body (resis-
tance to failure). Spine fractures are less
frequent in the lower lumbar spine com-
pared to other regions. This is, at least
in part, related to the increased size of
the individual vertebra. This is corro-
borated by laboratory studies (Fig.
1-6). 11,13-16

Figure 1-5. The uncinate process (arrow) and its re-
lationship to the rostral-dorsal-lateral aspect of the
vertebral body and exiting nerve root (From Benzel,
EC,7 with permission.)

The Facet Joints

The facet joints bear a portion of axial
loads. They do so more actively when the
spine is in an extended posture. They are
apophyseal joints; each has a loose capsule
and a synovial lining. The orientation of
the facet joints changes from rostral to
caudal, significantly affecting spinal move-
ment.7,11,17,18 In the cervical spine, the
facet joints are essentially oriented in the
coronal plane, which does not particularly
restrict most movements.7,11

In the lumbar region, however, the facet
joints are oriented sagitally.11,19,20 Their
ability to resist flexion or subluxation in
this region is minimal, whereas their abil-
ity to resist rotation is substantial (see Fig.
1-7).

The facet joints absorb a greater frac-
tion of axial load bearing if the spine is
oriented in extension (see below). This
varies with the type and orientation of the
load.21

The Lamina, Spinal Canal,
and Contents

The lamina provides dorsal protection for
the dural sac and a foundation for the spi-
nous processes, thus allowing for the solid
attachment of muscles and ligaments.
They move the spine by forces applied via
the spinous processes.

In the normal spine, the spinal canal di-
mension, and hence the extramedullary
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Figure 1-6. Vertebral compres-
sion strength versus spinal level
(From Benzel, EC,7 with permis-
sion.)

space, is generous. It is most generous in
the upper cervical region, and least in
the upper thoracic region. In the lum-
bar region, both the epidural and in-
tradural spaces are generally capacious
(Fig. 1-8),7-10 but the safety margin may be

small in patients with a relative spinal
stenosis. The lumbar spinal canal depth
does not change significantly, but the
width increases from upper to lower lum-
bar regions (Fig. 1-8). This region con-
tains the cauda equina, which is relatively

Figure 1-7. Segmental motions
allowed at the various spinal lev-
els. (Combined flexion and ex-
tension, solid line; unilateral
lateral bending dashed line; uni-
lateral axial rotation, dotted line)
(From Benzel, EC,7 with permis-
sion.)
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Figure 1-8. Spinal canal diame-
ter versus spinal level. The aver-
age width (solid line) and average
depth (dashed line) of the canal
are depicted separately. (From
Benzel, EC,7 with permission.)

resistant to neurological insults (compared
with the spinal cord proper). This is so be-
cause of the "peripheral nerve nature"
(e.g., the presence of collagen) in the
cauda equina. Therefore, post-traumatic
lumbar neural element injury is less com-
mon than that associated with compara-
ble spinal column deformation elsewhere.
The shape of the spinal canal itself
changes from rostral to caudal. The trian-
gle-like "balloon" configuration of most of
the subaxial spine assumes a shape more
like "Napoleon's hat" toward the lum-
bosacral junction.19

The Pedicle

The pedicles of the cervical spine are
shorter and proportionally of greater di-
ameter than other regions of the spine;
i.e., they have a relatively small length/
width ratio. The transverse pedicle width
gradually decreases from the cervical to
the midthoracic region. It then increases
progressively in the lumbar spines.7,9,22,23

The pedicle height (sagittal pedicle width)
gradually increases (with the exception of
C2) from the cervical to the thoracolum-

bar junction region. It then decreases pro-
gressively in the lumbar spine.7,9,22,23

The transverse pedicle angle decreases
from the cervical spine to the thoracolum-
bar region. It then increases progressively
in the lumbar spine.7,9,22,23

The pedicles of the thoracic spine are
smaller than their lumbar counterparts.
From a surgical perspective, this is com-
pounded by the variable orientation of the
pedicles.7,9,22-24 In the upper lumbar and
thoracic spine, the sagittal pedicle angle is
relatively steep. The relationship of the
thoracic pedicle to the transverse pro-
cess changes as the thoracic spine is de-
scended.24

The Intervertebral Disc

The ability of intervertebral discs to resist
axial loads is great, but it decreases with
age.20 The vertebral end plates incom-
pletely resist herniation of the disc into
the vertebral body (Schmorl's nodule—
"prolapse of a nucleus pulposus into an
adjoining verterbra" [Dorland's, 28th edi-
tion]).

The annulus fibrosus consists of several
layers of radiating fibers that are oriented



Figure 1-9. An eccentric force application (arrow)
results in annulus fibrosus bulging on the side of
the greatest force application—i.e., the concave side
of the bend (A). (From Benzel, EC,7 with permis-
sion.) An anterior-posterior radiograph of the spine
showing osteophytes (arrows) on the concave side
of a scoliotic curve (B).
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at an angle of about 30° to each other. They
are attached to the cartilaginous end plates
(inner fibers) and the cortical bone on the
walls of the vertebral body (Sharpey's
fibers). These components usually allow
some, but not excessive, deformation.

Disc bulging occurs on the concave side
of a curve or the side toward which the
spine bends (Fig. 1-9). This correlates
with osteophyte formation; i.e., osteo-
phytes form predominantly on the con-
cave side of spinal curvatures (Fig. 1-9).

When compression forces are applied to
one side of the disc, the annulus fibrosus is
distorted and bulges, and osteophytes are
formed. Disc herniation, on the other
hand, is caused by the migration of the
nucleus pulposus from its normal location
toward the side of the disc away from
where the compression is applied. Thus
bulging of the annulus (toward the con-
cavity of a spinal bend) is in the opposite
direction from nucleus pulposus migra-
tion (Fig. 1-10). Flexion, therefore, causes
the annulus fibrosus to bulge in a ventral
direction, while the nucleus pulposus mi-
grates dorsally. Significant strains thus are
placed on the annulus fibrosus during the
application of physiological loads.25

The Transverse Process

The transverse processes provide sites
for attachment of paraspinous muscles.

Figure 1-10. The nucleus pulposus moves in the op-
posite direction of an eccentrically applied force
(arrow). Dashed lines indicate the positions of the
nucleus pulposus during force application (From
Benzel, EC,7 with permission.)

Therefore, they function as a site of at-
tachment for the application of leverage
that causes lateral bending. Transverse
processes are easily fractured because of
their small diameter. Their susceptibil-
ity to fracture is greatest in the lumbar
region.

They originate at the junction of the
pedicle and the lamina. In the mid to low
thoracic region, the processes are moder-
ately robust and project in a lateral and
slightly rostral direction. In the lower tho-
racic region, they are smaller.

In the lumbar region, they are situated
more ventrally than at thoracic levels.
They also become more substantial as one
descends the spine. They can, therefore,
be utilized more effectively as sites for
bone fusion. Their utility as a site for bony
fusion, however, is adversely affected by
their relatively poor vascularity and an of-
ten less-than-optimal robustness.

The upper six cervical vertebrae usually
transmit the vertebral artery through
their respective foramina transversarium,
which is in continuum with the cervical
transverse process. The foramina trans-
versarium is in close proximity to the un-
covertebral joint. Therefore, it is subject to
encroachment by osteophyte formation.

The Spinous Processes

The spinous processes project dorsally
and caudally from the dorsal arch (lami-
nae) of each vertebral segment. The C3-6
spinous processes are usually bifid. In the
cervical spine, they become longer as the
spine is descended. In the cervical and
upper to midthoracic spine, they are ori-
ented in a more caudal direction than in
the thoracolumbar and lumbar regions.
During surgical procedures, this caudal
orientation often dictates the resection of
the overhanging spinous process (and in-
terspinous ligament) in order to gain ac-
cess to the interlaminar space.

The Ligaments

A variety of spinal ligaments provide
support (via tension) for the spine.
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Figure 1-11. Failure strength of
spinal ligaments versus spinal re-
gion. (ALL = anterior longitudinal
ligament; PLL = posterior longitu-
dinal ligament; LF = ligamentum
flavum; CL — capsular ligament;
ISL = interspinous ligament) (From
Benzel, EC,7 with permission.)

These include the interspinous ligament,
the ligamentum flavum, the anterior and
posterior longitudinal ligaments, and the
capsular ligaments. Their ability to re-
sist deformation and failure varies (Fig.
1-11).7,11,20,26-34

The effectiveness of a ligament depends
on its morphology and the length of its ef-
fective moment arm.7 One should think of
a moment arm as a lever. The moment
arm through which a ligament functions
is extremely important in determining
the efficacy of a ligament, just as a long
crowbar (which has a longer moment
arm, or lever) is more effective than a

short crowbar (Fig. 1-12). This is as im-
portant as the strength of the ligament.
The length of the moment arm (lever
arm) is the perpendicular distance be-
tween the applied force and the instanta-
neous axis of rotation (IAR), the point
about which each segment of the spine ro-
tates. The IAR is usually located in the
midvertebral body region. A very strong
ligament that functions through a rela-
tively short moment arm may contribute
less to stability than a weaker ligament
that has a mechanical advantage because
it functions through a longer moment
arm.

Figure 1-12. The relative lever
arm (moment arm) length for liga-
ments (see Fig. 1-13). (From Ben-
zel, EC,7 with permission.)
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For example, although the interspinous
ligament is not strong (see Fig. 1-11), its
attachment to a bone with a relatively
long moment arm (spinous process) al-
lows for the application of a significant
bending moment (flexion resistance
force) to the spine. In this case, the mo-
ment arm is defined as the perpendicu-
lar distance from the point of attachment
of the ligament (spinous process; site of
applied force) to the IAR of the affected
vertebral body (Fig. 1-13). The inter-
spinous ligament may be absent at the
L5-S1 level and deficient at the L4-L5
level.

The ligamentum flavum is a strong liga-
ment that functions through a short mo-
ment arm (see Figs. 1-11 and 1-13). It is a
discontinuous ligament that attaches the
ventral-caudal border of the rostral laminae
to the rostral border of the caudal laminae.
It extends from C2 to S1 and is deficient in
midline. It has the highest percentage of
elastic fibers of any human tissue. It is also,
except in extreme extension, under tension
at all times. This minimizes the chance of
ligament buckling and spinal canal en-
croachment during extension.

The anterior longitudinal ligament is a
relatively strong ligament that is firmly

Figure 1-13. The ligaments and their effective mo-
ment arms. Note that this length depends on the lo-
cation of the instantaneous axis of rotation (IAR). An
"average" location is used in this illustration. (Dot =
IAR; ALL = anterior longitudinal ligament; PLL =
posterior longitudinal ligament; LF = ligamentum
flavum; CL = capsular ligament; ISL = interspinous
ligament.) (From Benzel, EC,7 with permission)

attached to the margins of the vertebrae
(and not so firmly attached to the annu-
lus fibrosus) at each segmental level of
the spine. Its position, which is ventral to
the IAR, minimizes extension (see Fig.
1-13). Rostrally, it attaches to the ventral
basiocciput. Caudally, it attaches to the
sacrum.

The posterior longitudinal ligament is not
as strong as the anterior longitudinal liga-
ment. Its location (dorsal to the IAR) and
its short moment arm result in only a
mediocre ability to resist flexion (see Figs.
1-11 through 1-13). As opposed to the
anterior longitudinal ligament, the poste-
rior longitudinal ligament is predomi-
nantly attached to the annulus fibrosus,
which is firmly attached to the vertebrae.
Its relatively narrow width, in part, per-
mits dorsolateral (paramedian) disc her-
niation.

The capsular ligaments are relatively
strong. They, therefore, play a significant
role with regard to spinal stability, particu-
larly in the cervical spine. They have a
short effective moment arm (Fig. 1-12),
but their relative strength, compared to
the stresses placed upon them, is sig-
nificant.

The concept of the neutral zone, as out-
lined by Panjabi35 and recently empha-
sized by Dickman et al.,36 is essential to the
understanding of both the importance and
limitations of spinal ligaments in confer-
ring spinal stability. The neutral zone is
that component of the physiologic range of
motion that is associated with significant
flexibility and minimal stiffness at low
loads.7 The neutral zone combined with
the elastic zone compose the physiologic
range of motion (Fig. 1-14). Stretching a
ligament can increase the neutral zone by
increasing ligament laxity. Similarly, it is
increased in cases of ligamentous injury. In
the latter situation, the ligament is patho-
logically lengthened, and as a result the
flexibility of the spine is pathologically in-
creased. When a ligament is stretched dur-
ing a "warm-up" exercise, the range of mo-
tion is increased by virtue of the increase of
the neutral zone. This facilitates joint mo-
bility. Under unloaded conditions, the
spine is lax (i.e., it is within the neutral
zone). The assumption of the upright pos-
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ture, however, is not possible if the spine
remains lax (floppy). Continuous muscular
tension functions as a compensatory
mechanism by limiting intervertebral
movement, thus decreasing the size of the
neutral zone by applying tension to lax lig-
aments, and increasing stability.

The Muscles

The muscles move the torso by either di-
rectly or indirectly imparting forces to the
spine. The morphology14 and geometry37

of these muscles have been studied exten-
sively. The erector spinae muscles cause
spinal extension and lateral bending. The
psoas muscle contributes to flexion. The
rectus abdominous muscle causes spinal
flexion, despite its lack of direct spinal at-
tachments. It is a strong torso flexor be-
cause of its long moment arm (from the
ventral abdominal wall to the spine).37

The rib cage plays a major role in the
maintenance of spinal stability. The main-
tenance of the bony shell is vital to stabil-
ity. This stabilizing effect is greatest in
extension and least in flexion. It is aug-
mented by the rib attachments to an intact
sternum.38

Bone

The vertebral body is the component of
the spine that bears the majority of ap-

plied loads. Vertebral body dimensions
are proportional to load-bearing capac-
ity.

The cortical-cancellous bone ratio of a
vertebral body affects its weight-bearing
potential. This ratio increases with age. It
is also greater in the pedicles than in the
vertebral bodies and in small pedicles
(thoracic and upper lumbar) than in
larger pedicles (sacrum). Bone density
(proportional to the cortical/cancellous
ratio) correlates with screw pullout resis-
tance. Therefore, pedicles resist screw
pullout better than vertebral bodies, and
smaller pedicles are more resistant than
larger ones.7 A 50% decrease in the mass
of osseus tissue results in a 25% reduction
of the tissue's original strength.11

Epidural Space

The epidural space is located between the
periosteum of the vertebrae and the dura
mater. It therefore surrounds the spinal
cord and cauda equina. It contains fat,
connective tissue, and a venous plexus.
The fat can be visualized by computed to-
mography (CT) scanning, which can be
helpful in determining whether lesions
within the spinal canal are intradural or
epidural.

The epidural venous plexus is exten-
sive and communicates with the dural ve-
nous sinuses within the cranium. Accord-
ing to Field and Brierley,39 there are no

Figure 1-14. A typical load defor-
mation curve depicting the neutral
and elastic zones (deformation, or
strain, versus load, or stress)
(From Benzel, EC,7 with permis-
sion.)
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lymph nodes in the epidural space. The
regional lymph nodes of the spinal sub-
arachnoid space are the prevertebral
nodes.

Meninges

The meninges consist of dura mater,
arachnoid, and pia mater (Fig. 1-15). The
dura mater extends from the foramen
magnum, where it is continuous with the
cranial dura, to the level of the second
sacral vertebra, where it fuses with the
sacral periosteum. The dura follows each
nerve root to fuse with the epineurium

and with the periosteum in the interverte-
bral foramen. Between the dura mater
and the arachnoid is a potential space, the
subdural space.

The arachnoid is a membrane that is
continuous with the intracranial arach-
noid. It extends caudally with the dura
mater to the second sacral vertebra. The
term arachnoid arose because of the simi-
larity between its numerous delicate tra-
beculae that course between the outer
arachnoid membrane and the pia mater
and the trabeculated pattern of a spider's
web. These trabeculae course through the
subarachnoid space, which contains the
cerebrospinal fluid. The cross-sectional

Figure 1-15. The gross anatomy of the spinal cord, gray matter, white matter, and nerve roots. (From Carpen-
ter, MB,40 p. 215, with permission.)
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area of subarachnoid space is smallest in
the thoracic spine and greatest in the
lumbar region below the conus me
dullaris where the cauda equina is lo-
cated.

The pia mater is adherent to the spinal
cord and follows penetrating blood ves-
sels into the cord. Below the conus
medullaris, the pia mater continues cau-
dally as the filum terminale to attach to
the dura mater at the level of second
sacral vertebra. At the second sacral
level, the filum merges with the dura to
form the coccygeal ligament. The den-
tate ligaments arise from the pia along
the lateral aspect of the spinal cord (via
the lateral band) and pass through the
arachnoid to attach to the dura mater.
The ligaments begin just above the first
cervical root and are found between suc-
cessive roots to approximately the first
lumbar root. These ligaments suspend
the spinal cord within the spinal canal via
their attachment to the dura mater later-
ally.

SPINAL CORD

Gross Anatomy

The spinal cord begins at the level of the
foramen magnum, which demarcates the
caudal level of the medulla. Although
early in fetal life the spinal cord occupies
the entire length of the spinal canal, the
growth of the vertebral column exceeds
that of the spinal cord so that by the ninth
month of gestation, the spinal cord usually
terminates at the level of the L3 vertebra.
In the adult, the conus medullaris (conical
termination of the spinal cord) ends be-
tween the T12 and L3 vertebrae; the
lower end of the L1 level is the most
common site of termination. The conus
medullaris is anchored to the sacrum via
the filum terminale.

The cervical and lumbar enlargements
reflect the greater number of nerve cell
bodies and synapses in the gray matter,
which gives rise to the brachial and lum-
bosacral plexi. They provide innervation
to the upper and lower extremities. The
anterior-posterior (A-P) and lateral di-

mensions of the spinal cord at the cervical
enlargement are 9 and 13 mm; in the
midthoracic region, the dimensions are 8
and 10 mm; and at the lumbar enlarge-
ment, they are 8-9 and 12 mm.40

There are 31 paired nerve roots: 8 cer-
vical, 12 thoracic, 5 lumbar, 5 sacral, and
1 rudimentary coccygeal. Each nerve root
is composed of ventral and dorsal fila-
ments that carry motor and sensory ax-
ons, respectively, except for the first cer-
vical and coccygeal nerves, which usually
lack a sensory filament. In the cervical
spine, the numbered nerve roots exit
above the similarly numbered vertebral
bodies. The nerve root between C7 and
T1 is numbered C8. This explains why
there are 8 cervical roots and yet only 7
cervical vertebrae. In the remainder of
the spine, the numbered nerve roots exit
below the appropriately numbered verte-
bral body (Fig. 1-1). Each spinal nerve
root passes through its corresponding in-
tervertebral foramen, occupying up to
50% of the cross-sectional area of the
foramen.41

Below the conus medullaris is the cauda
equina (horse's tail). The nerve roots are
arranged such that the lower sacral seg-
ments are located most medially, and the
exiting upper lumbar segments are ori-
ented most laterally (Fig. 1-16).7,42

Figure 1-16. The orientation of the nerve roots
within the dural sac at the L2-3 level.
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Figure 1-17. Axial section through the lower thoracic spinal cord. The left side is stained with Weigert's myelin
stain and the right shows a schematic drawing of the tracts and gray matter subdivisions. The dotted area sur-
rounding the gray matter contains short ascending and descending fibers of the fasciculus propius system.
(From Carpenter, MB,40 p. 219, with permission.)

The spinal cord gray matter is a butter-
fly-shaped structure surrounded by white
matter, which contains the axons of as-
cending and descending tracts (Fig. 1-17).
The central canal is a vestigial lumen lined
by ependymal cells. The white matter
tracts of the spinal cord are divided into
the posterior, lateral, and anterior funi-
culi.

Gray Matter

The gray matter may be subdivided into
an anterior horn, posterior horn, and
intermediate zone (see Fig. 1-17). The
somatic efferent neurons are located
within the anterior horn and give rise to
the axons that traverse the ventral roots.
These neurons may be divided into the
larger (alpha) and smaller (gamma) mo-

tor neurons. The former innervate ex-
trafusal muscle fibers, and the latter in-
nervate small intrafusal fibers of the
muscle spindles. The alpha motor neu-
rons are important in mediating individ-
ual muscle movements. The gamma ef-
ferent system is important in setting the
gain of the spindles and maintaining
normal or abnormal muscle tone (e.g.,
spasticity or rigidity) through supra-
spinal influences.

The visceral efferent fibers of the auto-
nomic nervous system exit the spine with
the somatic motor neurons in the ventral
root. Within the spinal cord, the perikarya
of the preganglionic sympathetic neurons
are primarily located in the intermediolat-
eral nucleus from the level of C8 through
L3, with axons exiting in ventral roots
T1-L3. These axons terminate in the
peripheral sympathetic ganglia. The
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parasympathetic neurons in the spinal
cord are located at the S2, S3, and S4 lev-
els in the lateral region of the gray mat-
ter. Preganglionic axons exit the spine
through the ventral roots at these same
levels to synapse in the peripheral gan-
glia located at or near the pelvic viscera,
i.e., the bladder, colon, rectum, and geni-
talia.

The posterior horn of the spinal gray
matter receives afferent input from ax-
ons in the dorsal root; the cell bodies for
these axons lie in the dorsal root gan-
glia. The dorsal root ganglia are located
in the intervertebral foramina, along the
dorsal roots. The dorsal root has two di-
visions. The lateral division contains
small-diameter fibers mediating sensa-
tion for pain and temperature. The me-
dial division contains large-diameter
fibers mediating other sensory modali-
ties such as proprioception. The axons
carrying different sensory modalities
terminate and synapse in different loca-
tions within the posterior horn or pass
through it to enter ascending tracts
(e.g., posterior columns). Afferent fibers
mediating the stretch reflex pass
through the posterior horn to synapse
on motor neurons and interneurons in
the anterior horn. In the thoracic and
upper lumbar region, the intermediate
zone also contains the nucleus dorsalis,
which receives input from the muscle
spindles and joint receptors. This infor-
mation is relayed ipsilaterally in the
spinal white matter in the posterior spi-
nocerebellar tract and may explain why
patients with spinal cord compression
can, though rarely, present with gait
ataxia.43

Muscle Stretch Reflex

The muscle stretch, or myotatic, reflex
is tested as a part of all neurological ex-
aminations. In its simplest form, the
stretch reflex is a monosynaptic reflex in
which a sensory afferent neuron
synapses directly onto a motor efferent
neuron in the anterior horn of the gray
matter. The sensory afferent (group la)
is stimulated when the muscle spindle

that it innervates is stretched, as occurs
with percussion of a deep tendon. This
la afferent makes direct excitatory
monosynaptic connections with the al-
pha motor neurons of the same muscle
and synergistic muscles, which are acti-
vated and cause muscle contraction (see
Chapter 2).

The monosynaptic reflex depends
on the temporal, as well as the spatial,
summation of impulses impinging on the
motor neuron. Temporal summation re-
quires the temporal synchrony of incom-
ing impulses. Disease processes that in-
terfere with this synchrony, such as those
which result in the demyelination of pe-
ripheral nerve or spinal roots, result in
the loss of deep tendon reflexes.44 In pe-
ripheral neuropathies, there can be a
temporal dispersion of impulses (due to
unequal involvement of the axons within
a nerve) even prior to the slowing of
nerve conduction below the lower limit of
normal. This probably accounts for the
early loss of deep tendon reflexes.45 The
loss of synchrony is greatest for those im-
pulses that must be conducted over the
largest distances, accounting for the early
loss of distal reflexes such as ankle
jerks.46

Integrated into this monosynaptic re-
flex are other interneurons and connec-
tions that can modulate its responsive-
ness. For example, the la afferents also
synapse with interneurons that inhibit
the alpha motor neurons of antagonistic
muscles. Furthermore, the threshold of
the muscle spindles depends upon the
degree of contraction of the intrafusal
muscle fibers at the poles of the muscle
spindle. The intrafusal muscle fibers are
under the control of the gamma efferent
motor neurons. The result is that de-
scending supraspinal pathways are re-
sponsible for modulating muscle tone
and the stretch reflex through the
gamma motor system.

Finally, the muscle tendon contains an-
other sensory fiber, the Golgi tendon or-
gan. This receptor measures the tension of
the entire muscle. When excess muscle
contraction occurs, it inhibits the alpha
motor neurons via an inhibitory interneu-
ron in the spinal gray matter.
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White Matter

The white matter of the spinal cord sur-
rounds the gray matter and includes well-
defined myelinated tracts that are soma-
totopically organized. The white matter of
the spinal cord is divided into three major
regions: the posterior, lateral, and ante-
rior funiculi. The funiculi, which con-
tain ascending and descending axons, are
sometimes referred to as columns.

Close to the gray matter there are pro-
priospinal tracts in the white matter,
in which intraspinal axons run in a
rostral-caudal direction and integrate in-
formation between segments into reflex
patterns. These axons provide both crossed
and uncrossed pathways linking neurons
in one part of the spinal cord with those in
others. They thus provide a basis for coor-
dinated reflex activity, cyclic patterns of
activity, and pattern generation within the
spinal cord.47,48

Ascending Pathways

POSTERIOR COLUMNS

The posterior columns, each of which
consists of the medially located fascicu-
lus gracilis and the laterally located fas-
ciculus cuneatus, contain the centrally
directed axons of a large proportion of
the myelinated sensory fibers within the
dorsal roots. The axons within the poste-
rior columns are somatotopically orga-
nized so that the fibers from the more
caudal regions of the body are located
medial (fasciculus gracilis) to those rep-
resenting the more rostral areas (fascicu-
lus cuneatus) (Figs. 1-18 and 1-19). The
cell bodies of these first-order sensory
neurons are located in the dorsal root
ganglia. The axons of these neurons,
which ascend uncrossed in the posterior
columns, synapse with second-order
neurons in the gracile and cuneate nu-

Figure 1-18. The relationships of the ascending tracts (on the right) and the descending tracts (on the left).
(From Carpenter, MD,40 p. 270, with permission.)
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Figure 1-19. The lamination of the corticospinal tract, spinothalamic tract, and posterior columns.

clei in the medulla. Axons from these
nuclei transmit sensory information ros-
trally via a pathway that decussates and
ascends as the medial lemniscus and
synapses in the ventral posterolateral
(VPL) nucleus of the thalamus. Neurons
in the VPL nucleus send their axons to
the cortex.

The posterior columns have classically
been thought to conduct impulses con-
cerned with position and movement of the
extremities. Since these fibers mediate the
discrimination of spatial and temporal cu-
taneous stimuli, their function is usually
clinically tested by vibration, position, and
two-point discrimination. However, there is
a dispute over whether the posterior
columns solely mediate these sensibili-
ties.49-52

LATERAL SPINOTHALAMIC TRACT

Cutaneous pain and temperature sensa-
tion are mediated by the lateral spino
thalamic tract, which ascends in the lat-
eral funiculus. Evidence suggests that at
least some of the fibers in the lateral

spinothalamic tract transmit information
related to bowel and bladder fullness
and pain from the lower urinary tract
(lower ureter, urethra, and bladder),
mediating the desire to micturate.53

Nonmyelinated or thinly myelinated ax-
ons mediating pain and temperature
sensation enter the spinal cord at the
posterior horn and synapse, either at the
level of entry into the cord or after as-
cending or descending for one or two
segments, with second-order neurons in
the deep layers of the posterior horn.
The axons of the second-order neurons
decussate in gray matter just ventral to
the spinal canal to form the spinothala-
mic tract. Within the brain, the lateral
spinothalamic tract axons synapse in the
VPL nucleus and the posterior intralam-
inar nuclei of the thalamus.54-56

The spinothalamic tracts are somato-
topically organized such that the sacral
dermatomes run most laterally and the
cervical dermatomes are ultimately repre-
sented most medially in the upper cervi-
cal spine (Fig. 1-20). Unilateral complete
lesions of the lateral spinothalamic tract
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Figure 1-20. The arterial and venous anatomy of the spinal cord. (From Carpenter, MB,40 p. 603,
with permission.)

produce a contralateral loss of somatic
pain and temperature sensibility that of-
ten (as a result of the pattern of decussa-
tion of the fibers) extends one to two seg-
ments below the level of the lesion. In
some cases after the lateral spinothalamic
tract is transected, there is some return of
sensibility to pain, possibly reflecting the
presence of a small uncrossed spinothala-
mic pathway.40

Descending Pathways

CORTICOSPINAL TRACT

The descending pathways are divided into
the corticospinal tract (generally corre-
sponding to the pyramidal tract) and non-
pyramidal pathways. The corticospinal
neurons are located in the cerebral cortex

and their axons descend to terminate
within the spinal cord, directly on lower
motor neurons, or on other interposed
neurons within the gray matter.

Phylogenetically speaking, the corti-
cospinal tracts first appeared in mammals.
The great majority of fibers in the corti-
cospinal tract arise from pyramidal neu-
rons (mostly the large Betz cells in cortical
layer IV) in the precentral gyrus, and to
a lesser extent, from the premotor area
and the parietal lobe (especially the so-
matosensory cortex). Many of these axons
project directly to alpha motor neurons
innervating the distal extremities,57,58 which
subserve discrete appendicular movements.

The corticospinal tract of each side is
composed of approximately 1 million
fibers, most of them myelinated. After
passing into the medullary pyramids, 75%
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to 90% of the corticospinal fibers decus-
sate to form the lateral corticospinal tract,
which is in the dorsal portion of the lateral
funiculus (Fig. 1-20). Fibers within the lat-
eral corticospinal tract exhibit a distinct
lamination which has important clinical
implications. Fibers controlling lumbar-
and sacral-innervated musculature run in
the dorsolateral aspect tracts, and fibers
controlling cervical-innervated muscula-
ture are located ventromedially, closer to
the central gray. As a result of this lamina-
tion, in the central cervical cord syn-
drome, one often finds impairment of the
upper extremities with relative sparing of
the legs.

Usually, 10% to 25% of the corticospinal
fibers do not decussate but rather descend
in the spinal cord ipsilateral to the cere-
bral hemisphere of origin. Most of these
fibers descend in the anterior corti-
cospinal tract within the anterior funicu-
lus of the spinal cord white matter. These
fibers, after descending, either cross the
midline in the anterior white commissure
to terminate in the centromedial portion
of the contralateral anterior horn or, less
commonly, terminate in the same area of
the ipsilateral anterior horn59,60 to synapse
with neurons innervating neck and trunk
musculature.

There is also evidence for the existence
of some recrossed fibers in the lateral
corticospinal tract. Evidence from post-
mortem examinations of patients who
had undergone spinal cordotomies for
relief of intractable pain suggests that re-
covery of motility of the leg after damage
to the ipsilateral corticospinal tracts is
due to activity in descending fibers in the
contralateral lateral corticospinal tract.61

According to this view, most corticospinal
fibers innervate motor neurons contralat-
eral to the cerebral hemisphere from
which they originate, but a small propor-
tion descend from the cerebral cortex
into the contralateral lateral corticospinal
tract and subsequently recross to activate
ipsilateral leg motor neurons controlling
proximal musculature, possibly via in-
terneuronal chains within the spinal gray
matter. These proximal muscles, while
not mediating fine or discrete motor ac-

tivity, appear sufficient for some aspects
of stance and, in some patients, gait. This
recrossing of a small number of fibers
from the lateral corticospinal tract could
provide a neuroanatomic basis for the re-
covery of motility observed after spinal
cord hemisections in experimental ani-
mals,62,63 and after damage to the cere-
bral peduncle in humans. In comparison
to discrete activity of distal limb muscles,
this recovery involves gross postural
movements, suggesting that the more
medially located motor neuron pools may
receive bilateral innervation from the
cerebral cortex.

The hallmark of corticospinal function
is the movement of individual muscle
groups to perform skilled movements of
the distal extremities. This clinical obser-
vation is reflected in the pattern of distri-
bution of corticospinal fibers. Weil and
Lassek64 estimated that 55% of corti-
cospinal fibers project to the cervical re-
gion, 20% to the thoracic spine, and 25%
to the lumbosacral area. The dispropor-
tionately large number of fibers project-
ing to the upper extremity and to a lesser
extent the lower extremity, compared
with the thoracic spinal cord, is due to the
large contribution of fibers mediating dis-
criminative movements of the distal ex-
tremity. In testing corticospinal function
in patients with spinal cord disease, there-
fore, there is usually a loss of individual
toe or finger movement long before there
is loss of proximal muscle strength and
control.

Corticospinal tract dysfunction results
in release phenomena, such as the Babin-
ski response (a withdrawal response). The
Babinski sign is observed more often with
the loss of skilled movements of the foot
than with hyperreflexia. Gijn65 has de-
scribed the Babinski sign as due to a dis-
turbance of direct pyramidal tract projec-
tions to distal motor neuron.

Spasticity is generally considered a sign
of corticospinal disturbance, however ex-
periments in monkeys66 and observations
in humans67 have shown that sectioning
of the corticospinal tracts at the level of
the medullary pyramids or cerebral pe-
duncles results in decreased muscle tone
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and reduced or normal reflexes. Gilman
and colleagues demonstrated in the mon-
key that medullary pyramidotomy caused
(7) hypotonia, (2) loss of contactual ori-
enting responses such as grasping, and
(3) defective use of fine toe and hand
movements.67a These authors concluded
that hypotonia is due to decreased tonic
fusimotor innervation of muscle spindles,
resulting in a depression of the afferent
responses to passive extension of muscle
spindles.67b Spasticity, therefore, appears
to result from disturbance of pathways to
the spinal cord that have been termed
parapyramidal.68 Nevertheless, because
pure lesions of the corticospinal tract oc-
cur only rarely in clinical practice,69 in
practical terms, spasticity suggests corti-
cospinal damage.

NONPYRAMIDAL TRACTS

Nonpyramidal pathways are phylogenet-
ically older than the pyramidal pathways.
These pathways originate in the brain
stem and project to spinal gray matter.
The major nonpyramidal pathways lo-
cated in the anterior funiculus of the
spinal cord are the reticulospinal tracts,
the vestibulospinal tract, and the tec-
tospinal tract (Fig. 1-18). These path-
ways project to spinal gray matter, inner-
vating axial musculature and control
muscle tone, reflex activity, posture, and
balance.

AUTONOMIC PATHWAYS

Descending pathways for autonomic con-
trol of breathing, blood pressure, sweat-
ing, and urinary bladder control are
located primarily in the ventrolateral
quadrant of white matter in the spinal
cord. Segmental innervation of the dia-
phragm most commonly occurs at levels
C3-5. Sympathetic fibers arising in the
upper lumbar segments, parasympathetic
fibers from S2-4, and somatic efferents
originating at S2-4 innervate the urinary
bladder. The anal sphincter and genitalia
share pathways similar to those of the uri-
nary bladder.

Vascular Anatomy

The detailed studies of Adamkiewicz in
the late 19th century form the basis of our
understanding of the vascular anatomy of
the human spinal cord. These findings
have been extended by recent injection
studies.70-72 The arterial supply to the
spinal cord is provided by the unpaired
anterior spinal artery and the paired pos-
terior spinal arteries (Fig. 1-20). Rostrally,
the anterior spinal artery is most com-
monly formed in the region of the fora-
men magnum or upper cervical spine
from branches of the vertebral arteries. Al-
though radicular arteries accompany each
spinal nerve root, only a few (usually
fewer than 10) serve as tributaries to the
anterior spinal artery.73

Different anterior radicular arteries
vary considerably in the degree to which
they contribute to perfusion of the ante-
rior spinal artery, especially in the cervi-
cal and thoracic regions.73 Despite this
variability, the artery of Adamkiewicz has
come to be recognized as the largest and
most constant in the region. It is an un-
paired vessel and is located on the left side
in two-thirds of all cases. It often accompa-
nies the spinal root of L1 or L2 but may
accompany any root from T7 to L3.74,75

The artery of Adamkiewicz is the major
source of blood flow to the anterior spinal
artery region for 50% of the spinal cord in
50% of individuals.75a

The anterior spinal artery gives rise to
a number of sulcal branches that enter
the anterior median fissure and then di-
vide into left and right branches to per-
fuse the gray matter and central white
matter (see Fig. 1-20).73 The sulcal
branches are least numerous in the tho-
racic region; this arrangement may con-
tribute to the already tenuous blood sup-
ply to this region. In addition to the
vascular supply arising from the sulcal
branches, the arterial vasocorona sur-
rounding the spinal cord supplies an-
other source of blood flow. Through the
two arterial systems, the anterior spinal
artery perfuses the anterior and lateral
horns, the base of the posterior horn and
the central gray matter, and the anterior
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Figure 1-21. A kyphotic posture (as is normally pres-
ent in the thoracic region) has a large natural mo-
ment arm (d); and, thus, the magnitude of the bend-
ing moment resulting from an axial load (arrow) is
significant. (From Benzel, EC,7 with permission.)

and lateral funiculi. The remaining por-
tion of the posterior horn and the poste-
rior funiculi are perfused by the poste-
rior spinal arteries.

The cervical and lumbar regions are
the locations of the most copious blood
flow from radicular arteries, making the
anterior spinal artery supply of the tho-
racic spinal cord a watershed region. In-

terruption of blood flow to the spinal
cord, therefore, often is clinically mani-
fest in this region, resulting in an ante-
rior spinal artery syndrome in the tho-
racic region near the level of T4.76,77 This
syndrome is characterized by paraplegia
and a middle-to-upper thoracic pin and
temperature sensory level, with preser-
vation of posterior column function due
to perfusion by the posterior spinal ar-
teries. Spinal cord ischemia has been
considered to be a rare phenomenon in
the past but is increasingly reported.78

Some causes of spinal cord infarction in-
clude cardiac arrest, aortic dissection,
aortic surgery, coarctation operation,
and intra-aortic balloon pump counter-
pulsation.78-84

The posterior spinal arteries are paired
structures often forming a network of

Figure 1-22. Axially oriented translational deforma-
tion, resulting in a dislocation. This occurs when two
parallel, but noncoincident, apposed force vectors (ar-
rows) are applied. (From Benzel, EC,7 with permission)
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blood vessels in which none is dominant.
Rostrally, the posterior spinal arteries
arise from the vertebral or the posterior
inferior cerebellar arteries.77 Caudally,
they are fed by the radicular arteries. In
the cervical region the blood flow is cau-
dally directed, but in the thoracic and
lumbar spine, blood flows rostrally.70 The
posterior spinal arteries perfuse the poste-
rior columns and lateral aspects of the
posterior horns.

In general, the draining venous system
follows a similar pattern to that of the ar-
terial system, although there are more in-
dividual variations. An anterior spinal
vein is fed by sulcal veins and accompa-
nies the anterior spinal artery. A single
prominent median posterior draining
vein is usually found near the posterior
median septum. Radicular veins drain
the anterior and posterior median veins.
As is the case with radicular arteries,
some of these veins are more prominent
than others; in the lumbar region the
most prominent vein is the vena radicu-
laris magna.72

A network of veins termed the internal
vertebral venous plexus or Batson's
plexus courses in the epidural space.
Batson's plexus forms a collateral valve-
less route for venous return from intra-
abdominal and intrathoracic organs to
the heart. Venous effluent from these or-
gans enters the valveless system when in-
trathoracic and intra-abdominal pres-
sure is increased, such as occurs during
straining, coughing, and sneezing. Neo-
plasms and infections in the viscera of
these locations may thus metastasize to
the spine through this collateral circula-
tion.

CONFIGURATION
OF THE SPINE

The normal (nonpathologic) cervical
and lumbar spine assumes a lordotic
posture. A kyphosis, as is commonly
present in the thoracic and thoracolum-
bar regions, predisposes the spine to ex-
aggerated stresses (via an imposed long
moment arm). This long moment arm

Figure 1-23. The mechanism of injury of a rupture
of the transverse ligament of the atlas. (A) C1 verte-
bral ring (atlas) with transverse ligament dorsal to
the dens. (B) A dorsally directed force (arrow), ap-
plied to the head, causes a dorsally directed force
vector applied to C1. The transverse ligament of the
atlas (arrowheads) stretches (B) if this dorsally di-
rected force vector (arrow) is applied to the ring of
Cl. (From Benzel, EC,7 with permission.)

(lever arm) creates an excessive bending
moment (bending moment = applied
force X movement arm length) (Fig.
1-21). Therefore, the intrinsic configu-
ration of the spine contributes substan-
tially to the type of spinal column injury
incurred (via an effect of applied forces
through existing moment arms). For ex-
ample, at the thoracolumbar junction,
the lower terminus of the thoracic
kyphosis (with an accompanying absence
of the protective support of the rib cage
and the absence of the more massive
lower lumbar vertebral body support)
fosters vertebral column injury. The
intrinsic bending moment allowed by
the kyphosis, and the abrupt change in
mechanics result in focally increased

A

B
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amounts of strain and in an increased in-
cidence of compression fractures in this
region (see below).7,85

At the lumbosacral junction, the angle
of the sacrum in relation to the L5 verte-
bral body (the lumbosacral joint angle)
may substantially affect pathological pro-
cesses related to both traumatic and
degenerative processes.7 This joint is ex-
posed to significant axial stresses. There-

fore, it must resist substantial translational
forces. A translational force results in a
tendency toward subluxation or disloca-
tion perpendicular to the long axis of the
spine. Subluxation is caused by two paral-
lel but noncoincident apposed force vec-
tors. The axial and translational stresses
applied to the lumbosacral junction are
depicted in Figure 1-22. The greater the
lumbosacral joint angle the greater are the

Figure 1-24. The anatomical relationships of the atlantoaxial complex are illustrated. (A) Midsagittal section.
(B) Coronal section. (From Makela, A-L, et al.,131 p. 489, with permission.)

A

B
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applied translational forces. The ability of
the spine to resist these translational
forces is diminished by the common verti-
cal (sagittal) lumbosacral facet joint orien-
tation, as well as the tensile characteristics
of the supporting ligaments. Patients with
an exaggerated lumbar lordosis are par-
ticularly prone to the sequelae of these
stresses, such as degenerative joint disease
and spondylolisthesis.7

BIOMECHANICS OF THE
SPINAL COLUMN AND SPINAL
COLUMN FAILURE

Regional Characteristics
and Variations From a
Biomechanical Perspective

THE ROSTRAL CERVICAL SPINE
AND CRANIOCERVICAL JUNCTION

The rostral cervical spine deserves atten-
tion because of its unique morphology. C1
has no centrum. The presence of the dens

(of C2) between its two lateral masses
makes this spinal level unique among all
other levels of the spine. The dens articu-
lates with the dorsal aspect of the ventral
aspect of the ring of C1 and with the trans-
verse ligament of the atlas. These attach-
ments occur via separate synovial joints.

The lateral masses of C1 join with the
occipital condyles and C2 by means of
kidney-shaped articulations. These artic-
ulations are both rounded. This results in
a joint in which the facets glide rather eas-
ily past each other. The superior facet of
C1 faces a rostral and medial direction,
while the inferior facet faces a caudal and
medial direction. This unique relation-
ship assumes a wedge-like configuration
that results in a lateral transmission of
force vectors resulting from axial loads
which may cause a C1 burst (Jefferson)
fracture.

The transverse ligament of the atlas at-
taches to the tubercles located on the me-
dial aspect of the ring of C1. This anatom-
ical arrangement, along with the confines
created by the ventral aspect of the ring of
C1, provides for the containment of the

B

Figure 1-25. (A) In a neutral
spinal orientation, the facet joints
of the cervical spine are unloaded
during moderate axial loading.
(B) In a lordotic orientation (rela-
tive extension), however, they are
loaded. (From Benzel, EC,7 with
permission.)A
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Table 1-1. Average Movements Allowed in the
Craniocervical Region*

Joint

Occiput-C1

Cl-2

Motion Range of Motion (Degrees)

Combined flexion/extension
Lateral bending (unilateral)
Axial rotation (unilateral)
Combined flexion/extension
Lateral bending (unilateral)
Axial rotation (unilateral)

25
5
5

20
5

40

*From Benzel EC,7 p. 13, with permission.

intruding dens of C2 (Fig. 1-23). The
short (and strong) transverse process of
C2 provides a site of attachment for the
rotators of the upper cervical spine. Also,
the ventral aspect of the ring of C1 is com-
posed of strong, dense cortical bone. In
fact, a circumferentially intact ring of C1
is not necessary for the attainment of sta-
bility if the ventral portion of the ring is
intact. C2 has many of the attributes of
the subaxial cervical vertebrae, but it also
has a rostral extension, the dens. The
pars interarticularis (not to be confused
with the pedicle) is substantial and pro-
jects from the lamina toward the vertebral
body in a rostral and ventral direction (to
attach to the lateral mass). The occipital
nerve passes dorsal to the atlanto-axial
joint.

C2 is connected directly to the occiput
by the alar and apical ligaments and the

tectorial membrane (Fig. 1-24). C1 func-
tions, as an intermediate "fulcrum" or
"spacer" that regulates movement between
the occiput and C2.86 The atlanto-occipital
joint permits flexion, extension, and a
minimal degree of lateral bending. Rota-
tion is significantly restricted. The atlanto-
axial joint allows moderate lateral bend-
ing, coupled with rotation.87 Most of the
rotation allowed in the cervical spine,
which occurs about the dens, is permitted
at the level of this joint. The amount of
movement at each segmental level of the
craniocervical region is depicted in Table
1-1. 7,11,12,18

Surgery on the upper cervical spine is
complicated by the difficulties associated
with calvarial fixation for spinal implants
and by the unique anatomy of the upper
cervical vertebrae, as well as by the sub-
stantial spinal movement allowed in this

Figure 1-26. The "column" concepts of spinal instability. The concept described by Louis (left) assigns signifi-
cance to the vertebral body and the facet joint complexes (lateral masses) on either side of the dorsal spine. The
two-column construct (left) relies on anatomically defined structures; i.e., the vertebral body (anterior column)
and posterior elements (posterior column). Louis's three-column concept (left) similarly relies on anatomically
defined structures. Denis's three-column concept (right) assigns significance to the region of the neutral axis
and the integrity of the dorsal vertebral body wall (the middle column). (From Benzel, EC,7 with permission.)
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region. The sum of the movements from
the occiput to C2 is greater than in any
other region of the spine.

THE MIDDLE AND LOWER
CERVICAL SPINE

The vertebrae of the mid and lower cer-
vical spine are relatively uniform and
have a similar morphology. They are
unique in their contribution to the at-
tainment of the cervical lordosis. This,
perhaps, aids in spinal cord injury pre-
vention by distributing axially applied
loads symmetrically so that a significant
bending moment is not applied. Because
the addition of a flexion component to
an axial load greatly increases the proba-
bility of vertebral body failure and the
retropulsion of bone and disc fragments
into the spinal canal, the lordotic posture
also tends to protect against catastrophic
injury.

The orientation of the facet joints in the
coronal plane does not significantly limit
spinal movement in any direction except
extension and ventral translation. With
the cervical spine in an extension posture,
the spine's ability to resist axial loading is
greatest because the applied load is shared
between the ventral vertebral bodies and
discs, and the dorsal facet joint complexes
(Fig. 1-25).

THE THORACIC SPINE

The thoracic spinal cord is shielded from
injury by the paraspinal muscle masses
and by the thoracic cage. The small diam-
eter of the rostral thoracic spinal canal,
however, complicates the issue. The for-
mer attributes protect the neural ele-
ments, while the latter facilitates neural
injury. This perhaps explains the in-
creased incidence of catastrophic neuro-
logical injuries associated with spine frac-
tures in this region. The paraspinous
muscles and rib cage relatively protect the
spine from failure, thus causing a relative
all-or-nothing neural injury phenome-
non. Significant kinetic energy is re-
quired to fracture the upper thoracic
spine, but if such a fracture occurs, the
narrow spinal canal leaves little room to

spare for neural element protection.7,85

The natural kyphotic posture of the tho-
racic spine, with its associated predisposi-
tion to spine fracture, complicates all of
these factors.

THE THORACOLUMBAR JUNCTION

The thoracolumbar junction is located at a
point of spinal configuration and bony
morphology transition that makes it vul-
nerable to excessive force application. At
this junctional region of the spine, the rib
cage no longer provides support, and the
kyphotic curvature of the spine predis-
poses the spine to fracture. In addition,
the vertebral bodies of the thoracolumbar
junction are not as massive as those of the
mid to low lumbar region and thus do not
share the latter's increased ability to resist
deformity. Therefore, an increased inci-
dence of fractures occurs at this junc-
tion.7,85 The transverse processes of the
lower thoracic region are usually rudi-
mentary.

THE UPPER AND MIDDLE
LUMBAR SPINE

The upper and mid lumbar spine verte-
bral bodies are larger and more massive
than those at more rostral spinal levels.
This, combined with the lordotic curvature
of the lumbar spine, makes the lumbar
spine relatively resistant to excessive force
application, as incurred via trauma. Fur-
thermore, the transition of the spinal cord
into the cauda equina (which is more toler-
ant to trauma than the spinal cord) makes
catastrophic neural element injury less
likely.85

THE LOW LUMBAR SPINE AND
LUMBOSACRAL JUNCTION

The caudal terminus of the spinal column
is associated with significant logistic thera-
peutic dilemmas. A frequently observed in-
ability to obtain substantial points of sacral
fixation during spinal surgical procedures
creates a multitude of surgical problems.
Furthermore, the relatively steep orienta-
tion of the lumbosacral joint exposes the
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lumbosacral junction to a proclivity to
translational deformation (see Fig. 1-22).

Spinal Stability and Instability

A variety of schemata have been employed
theoretically and clinically to assist in the
determination of spinal stability. They can
be broken down into (1) bony column
models,88 (2) functional column models,89

and (3) combination models.90,91,92 These
are illustrated in Figure 1-26.

White and Panjabi11 define clinical sta-
bility of the spine as "the ability of the
spine under physiologic loads to limit
patterns of displacement so as not to
damage or irritate the spinal cord or
nerve roots and, in addition, to prevent
incapacitating deformity or pain due to
structural changes." Spinal stability is not
absolute. It should be measured in incre-
ments, regarding its absolute presence or
absence. Depending upon the circum-
stance, the spine is expected to provide
varying degrees of support (stability).
Therefore, spinal stability should be de-
fined differently under these varying cir-
cumstances.7

The converse of stability is, obviously,
instability. The former evades definition,
whereas the latter is somewhat more easily
assessed and quantitated; point systems
have been described in quantitating insta-
bility.11 Instability should, perhaps, be
generally defined, with significant consid-
eration given to the type of instability and
the existing circumstances. In general, in-
stability is defined as the inability to limit
excessive or abnormal spinal displace-
ment.7

The two fundamental categories of
moderate instability are acute and
chronic. Acute instability may be subdi-
vided into overt (gross instability) and
limited (moderate) instability. Chronic in-
stability can similarly be subdivided into
glacial instability (gradual slippage, such
as with isthmic spondylolisthesis) and the
instability associated with dysfunctional
segmental motion (e.g., that instability as-
sociated with a significantly unstable
disc).

Overt instability is associated with a cir-
cumferential disruption of the spine. This
results not only in the loss of spinal in-
tegrity but also in the creation of a nidus
for pain. The spine cannot safely support
the torso during the assumption of the up-
right posture.7

Limited instability is similar to overt in-
stability, with the exception that the insta-
bility is of a lesser magnitude and is not as-
sociated with a significant risk of further
acute spinal failure during the assumption
of the upright posture.

Glacial instability is associated with a
gradual movement of one segment upon
another (i.e., progressive subluxation
such as with isthmic spondylolisthesis).
However, overt instability that results in a
significant chance of acute instability with
the assumption of the upright posture is
not present. This type of instability is
akin to a glacier in that gradual move-
ment occurs independent of external
forces.

The instability associated with dysfunc-
tional segmental motion may result from
inadequately treated overt or limited in-
stability. It also can be associated with
glacial instability. However, it is most com-
monly associated with degenerative spine
disease. It is related to pathological degen-
eration of a motion segment and is mani-
fested by (1) excessive segmental motion,
(2) a fixed subluxation (recognizing that
motion may be difficult to elicit due to
guarding), or (3} excessive segmental de-
generative changes (a manifestation of
previous or ongoing dysfunctional mo-
tion).

THE MECHANISMS AND
BIOMECHANICS OF NEURAL
ELEMENT INJURY

External influences can cause a cell to be-
come dysfunctional or die via several mech-
anisms: (1) cell disruption, (2) cell distor-
tion, or (3) metabolic derangements.7,93 The
physical disruption of a cell membrane
usually results in the cell's death. Both cell
distortion and metabolic derangements
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Figure 1-27. The four mecha-
nisms of neural element distor-
tion-related injury. (A) Neural el-
ement compression; (B) simple
distraction, resulting in spinal
cord stretching and narrowing;
(C) tethering over an extrinsic
mass in the sagittal plane ("sagit-
tal bowstring" effect); and (D)
tethering of neural elements
over an extrinsic mass in the
coronal plane ("coronal bow-
string" effect; axial depiction).
Solid arrows depict "distractive"
forces; hollow arrows depict
forces applied directly to the
dural sac. (From Benzel, EC,7

with permission.)

can cause either temporary dysfunction or
the death of the cell. Cell disruption can be
the result of an initial injury such as the
impact (primary injury), or the exaggeration
of cell distortion caused by CNS tissue
shift, such as those related to edema or
hematoma formation (e.g., herniation).
This is termed ongoing primary injury. Loss
of cell membrane integrity (resulting in
cell death) can also be caused by metabolic
derangements, such as extracellular os-
motic shifts and autodestructive processes
that follow the primary injury. The latter
is termed secondary injury. Thus, cell distor-
tion (alteration of course or shape) and
metabolic derangements can lead to cell
disruption (loss of cell wall integrity).7,93

The mechanisms responsible for sec-
ondary cell injury in the central nervous
system differ in gray and white matter. In-
jury to gray matter, with resultant loss of
neuronal cell bodies and synapses in the
surrounding neuropil, produces segmental
deficits (e.g., the loss of motor axons at the
C6 level with resultant weakness and atro-
phy in the biceps, brachioradialis, etc.).
Secondary injury of cellular elements
within the gray matter depends, in large
part, on excitotoxic mechanisms that re-
flect the inappropriate release of excita-
tory amino acid neurotransmitters, which
trigger abnormal ion fluxes (including ab-
normal calcium influx) into nerve cells
and glial cells.

Secondary injury to white matter, in
contrast, impairs the transmission of in-

formation, up and down the spinal cord
within ascending and descending spinal
cord tracts. Thus injury to white matter
produces symptomatic deficits that are
not confined to the level of the lesion but
account for clinical dysfunction at many
spinal levels below the lesion. Damage to
white matter accounts for the brunt of
symptomatic deficit following various in-
sults to the spinal cord. Since synapses are
not present within white matter, excito-
toxic mechanisms do not play a major role
in producing secondary cell death. Recent
studies have demonstrated that, despite
the lack of excitotoxic injury mecha-
nisms within the white matter, secondary
cell death does occur, and is calcium-
mediated.94,95 The underlying molecular
cascade involves activation of a particu-
lar class of sodium channels, which col-
lapses the transmembrane gradient for
sodium ions, thereby driving the Na/Ca-
exchanger (a specialized antiporter mole-
cule that exchanges sodium ions for cal-
cium ions) to operate in a "reverse" mode,
exporting sodium from the cell interior
and importing injurious amounts of cal-
cium into axons.96,97

This mechanism has been most rigor-
ously demonstrated in CNS white matter
following anoxic insult, but it is also likely
to participate in secondary injury of spinal
cord axons following trauma and in spinal
cord compression.98,99

There is evidence that even in mechani-
cal injuries to the spinal cord (e.g., trau-
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Figure 1-28. Coronal plane tethering ("coronal bowstring" effect). The nerve roots (arrow) or, more commonly,
the dentrate ligaments (arrowhead) may tether the spinal cord in the coronal plane (A). Laminectomy may not
relieve the distortion (B). (From Benzel, EC,7 with permission.)

B

Figure 1-29. A laterally impinging mass may be missed by sagittal imaging through the dotted line of this coro-
nal image (A). Therefore, axial images are critical (B).
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Figure 1-30. Kinking of the spinal
cord may occur after laminectomy
if an inadequate length of the
spinal canal is decompressed A =
Prelaminectomy, B = Post laminec-
tomy (From Benzel, EC,7 with per-
mission.)

matic spinal cord injury and spinal cord
compression) ischemia can supervene,
thus reducing adenosine triphosphate
(ATP) levels so that secondary cell injury
occurs.100 Spinal cord axons are not the
only target for traumatic injury. There is
substantial evidence for the presence of a
subpopulation of axons that maintains
continuity through traumatic and com-
pressive injuries, but fails to conduct as a
result of demyelination.101-103 Recently,
apoptosis (or programmed cell death), of
oligodendrocytes within the spinal cord
has been demonstrated following
trauma.104-106

There is also evidence that inflamma-
tory mechanisms, triggered by trauma,
may contribute to the death of myelin-
forming oligodendrocytes in the spinal
cord. Irrespective of the underlying
mechanism, the existence of axons that
run without interruption through injured
segments of the spinal cord with impaired
conduction as a result of demyelination
may be important for the development of
new therapeutic strategies. Restoration of
function in these demyelinated axons may
lead to functional improvement in some
patients who appear, on clinical grounds,
to be harboring "complete" spinal cord
lesions.

The removal of a mass le-
sion by surgical means can relieve distor-
tion of the cell and may also improve
nervous tissue perfusion, which can re-
lieve metabolic derangements. The evi-
dence available at this time indicates that
the secondary response to injury can be
diminished by rapid administration of
high doses of methylprednisolone.107 A
complex cascade of cellular and biome-
chanical events contributes to neurologi-
cal impairment,93,108-112 and pharmaco-
logic interventions at any of a number of
steps in this injurious cascade may pro-
vide useful therapeutic strategies in the
future.

Biomechanics of Neural Injury

From a practical clinical perspective, four
mechanisms of persistent neural element
distortion-related injury exist: (1) extrin-
sic neural element compression, (2) simple
distraction, (3} tethering of the of the
neural elements over extrinsic masses in
the sagittal plane ("sagittal bowstring ef-
fect"), and (4} tethering of the neural ele-
ments over extrinsic masses in the coronal
plane ("coronal bowstring effect") (Fig.
1-27).7 Each must be considered and
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accounted for during the management
decision-making process.

EXTRINSIC NEURAL ELEMENT
COMPRESSION

Spinal cord compression is arguably the
most important cause of neurological dys-
function associated with degenerative dis-
ease (annular constriction)113 and trauma
(unidirectional compression or ventrodor-
sal "squeeze") (Fig. 1-27A). The annular
constriction associated with degenerative
disease is a result of compression by a ven-
tral osteophyte, dorsolateral facet, or dor-
sal hypertrophied ligamentum flavum. In
the case of trauma, the compression is
most commonly caused by a ventral mass
lesion. The distortion of neural elements,
combined with their exposure to repeti-
tive movement (chronic spinal cord irrita-
tion), can result in persistence of distor-
tion and in repeated insults.7,114-120

SIMPLE DISTRACTION

The distraction of neural elements may
cause electrophysiological and metabolic
dysfunction or cell death. Distraction re-
sults in two fundamental potentially harm-
ful occurrences: neuronal distortion and
impediment of the blood supply.7

Cusick et al.121,122 and Brieg123,124 have
made significant observations regarding
spinal cord distraction. Distraction alone
requires the application of significant
force in order to cause neural dysfunction.
However, a variety of injury mechanisms
combine to exaggerate the neural injury.
For example, the distraction of the spinal
cord over an impinging mass (tethering,
depicted in Fig. 1-27C and D) requires
much less distractive force to cause an
equivalent neuronal impairment com-
pared to simple distraction (depicted in
Fig. 1-27B).7

"SAGITTAL BOWSTRING" EFFECT

An underestimated cause of neurological
dysfunction is related to the tethering of
the spinal cord over extrinsic structures.
In the sagittal plane, this may be related

to either ventral or dorsal structures.7

However, extrinsic masses located ventral
to the spinal cord are most often impli-
cated. A patient with a focal kyphotic de-
formity and an associated neurological
deficit often has spinal cord tethering in
the sagittal plane ("sagittal bowstring ef-
fect") as a factor that contributes to the
neurological deficit.7,125 Spinal cord teth-
ering in the sagittal plane may be im-
plicated in some patients who are neuro-
logically worse following dorsal decom-
pression procedures. Thus, a kyphosis as-
sociated with cervical spondylosis may
cause neural injury in part by tethering of
the spinal cord over a ventral mass via the
sagittal bowstring effect. In such cases,
dorsal decompression (e.g., via laminec-
tomy) may worsen the deformation. Mor-
gan et al. documented this clinically in pa-
tients with posttraumatic ventral mass
lesions.126 He observed that many patients
undergoing a dorsal decompression pro-
cedure for posttraumatic ventral spinal
cord compression worsened neurologi-
cally.

"CORONAL BOWSTRING" EFFECT

The spinal cord also can be tethered in the
coronal plane (see Fig. 1-27D).125 This
"coronal bowstring" effect is caused by the
tethering of the spinal cord ventrally by
lateral extensions of the spinal cord; i.e.,
by nerve roots or the dentate ligaments
(Fig. 1-28).7 If a coronal bowstringing is
present, a laminectomy may fail to relieve
spinal cord distortion (Fig. 1-28B).125 A
ventral decompression operation, or a
dorsal operation combined with an un-
tethering procedure, is thus required to
adequately relieve the spinal cord distor-
tion. This may be achieved by employing a
ventral decompression of the spinal cord
or by sectioning the dentate ligament.125

Kahn detailed the anatomical and bio-
mechanical factors involved with the
latter.113

Laterally placed masses such as a neu-
rofibroma can cause bow-stringing as well.
In this case, the bow-stringing can occur
in both the sagittal (via the dentate liga-
ments) and the coronal planes (Fig. 1-29).
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Multiple angled imaging is critical (Fig.
1-29).

Iatrogenic Neural Element Injury

INAPPROPRIATE WIDTH
OF DECOMPRESSION

The width of spinal decompression is criti-
cal. For example, a laminectomy that is
not wide enough to adequately decom-
press the spinal canal may result in per-
sistent neurological dysfunction. Con-
versely, a laminectomy that is too wide or
that is performed in conjunction with a
wide foraminotomy may result in spinal
instability, or even neurological deficit.127

Nevertheless, a laminectomy should be
extended laterally to the lateral extent
of the dural sac. This should not signifi-
cantly injure the integrity of the facet
joints.128

INAPPROPRIATE LENGTH
OF DECOMPRESSION

A laminectomy can be too long or too
short. If it is too long, spinal instability or
deformity may occur.7,129 On the other
hand, a laminectomy that is not extended
far enough rostral and caudal may result
in a neurological worsening, due to a dor-
sal kinking (distortion) of the spinal cord.
(Fig. 1-30).7

SUMMARY

The most clinically relevant aspects of
vertebral column and spinal cord anat-
omy are reviewed in Chapter 1. Back
and neck pain affect the majority of indi-
viduals at some time in our lives. Such
pain is often due to spondylosis and in-
tervertebral disc disease, which invari-
ably occur to a greater or lesser extent in
older individuals in the lower cervical
and lumbar spine. The reasons for this
finding can be understood in terms of
the anatomy and biomechanics of the
vertebral column.

Spinal cord anatomy including the
white matter tracts, gray matter, and roots

are described in clinically-oriented terms.
The anatomical basis of the muscle stretch
reflex is presented as well as the descend-
ing tract influence on the is reflex such as
the pyramidal pathways. Furthermore, an
overview of the mechanisms and biome-
chanics of spinal cord and nerve root
injury due to mass lesions, distraction,
"sagittal bowstring," and "coronal bow-
string" effect are described. The anatomi-
cal basis of spinal cord function and dys-
function which is presented in Chapter 1
serves as a prelude to the physiological ba-
sis which is presented in Chapter 2.
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The first task of the physician examin-
ing a patient with suspected spinal cord
disease is to establish the presence or ab-
sence of such disease and, if present, then
the location(s) of the lesion(s). The lesion's
anatomical coordinates are its (1) "level"
in the rostrocaudal axis, and (2) the extent
of the lesion in the transverse plane of the
spinal cord. These coordinates are deter-
mined by clinically testing specific func-
tions of the myotomes and dermatomes
served by both nerve roots and tracts that
may be involved. A third coordinate is the
time-course of evolution of spinal cord
dysfunction; this is often important in pre-
dicting the etiology and the physiological
response of the cord to compression, and
in determining prognosis. For example, a
patient with a long-standing lesion, such
as a benign meningioma, may manifest
few signs, whereas a patient with a malig-
nancy of comparable size that is rapidly
enlarging may be paraplegic. The purpose
of this chapter is to provide an under-
standing of the clinical pathophysiology of
the spinal cord and to demonstrate the
methods of history-taking and physical ex-
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amination that are helpful in assessing the
patient with suspected spinal cord disease.

SEGMENTAL INNERVATION

The spinal cord is divided into 31 seg-
ments; one spinal nerve root represents
each segmental level. A segment is defined
as the entire region innervated by a single
nerve root. Segments are further gener-
ally characterized by dermatomes, my-
otomes, and angiotomes.1 (Not every seg-
ment has all three tomes.) A dermatome is
the cutaneous area innervated by the sen-
sory nerves of a single nerve root. A my-
otome refers to the skeletal musculature
innervated by the motor nerves of one
spinal root. An angiotome refers to the
blood vessels innervated via the auto-
nomic efferents in a spinal nerve. Auto-
nomic efferents also have other autonomic
functions, such as sudomotor and pilomo-
tor activity. As discussed below, the distri-
bution of segmental autonomic innerva-
tion differs significantly from that of
dermatomal innervation.

Traversing the ventral roots of spinal
nerves along with motor axons are un-
myelinated axons that are probably sen-
sory.2 At levels from C7 to L2 and S2 to S4,
autonomic fibers also traverse the ventral
root. The dorsal roots convey myelinated
and unmyelinated sensory fibers.

Ventral Root Dysfunction

A disturbance of ventral root function usu-
ally results in characteristic motor distur-
bances distinct from those arising from
corticospinal tract disease or from plexus
or peripheral nerve dysfunction. Although
there may be a variety of signs and symp-
toms, in most cases the presenting chief
complaint is weakness. The localization of
this complaint to the ventral root is deter-
mined by the pattern of weakness and as-
sociated physical findings.

Those aspects of physical examination
that are most helpful are the assessment of
muscle strength, bulk, and tone. The dis-
cussion below briefly reviews these physi-
cal signs and then focuses on features of

the examination important in differentiat-
ing ventral root disturbance from other
causes of weakness.

MUSCLE STRENGTH

Muscle strength may be determined by in-
dividual muscle testing or by functional
assessment. Three methods of muscle
strength testing are described here.

Individual muscle strength is commonly
graded according to the British Medical
Research Council3 classification as shown
in Table 2-1. This classification is helpful
but it is insufficiently sensitive to accu-
rately describe the many grades of weak-
ness commonly observed. It is often neces-
sary to assign a plus ( + ) or minus sign (-)
to these grades. For example, a supine pa-
tient who can maintain an extended leg at
the knee with the thigh supported off the
bed, but who is unable to elevate the leg
independently, would be assigned a grade
of 3 for quadriceps strength. If the indi-
vidual can elevate the leg against gravity
but can't resist any further force, a grade
3+ might be assigned. We have found this
modification to be helpful in following the
clinical evolution of patients as well as in
comparing patients.

Another potentially useful scale of
strength is the modified scheme of Vignos
and Archibald4 shown in Table 2-2. Like
the Karnofsky index,5 it is a measure of
overall performance that may be particu-
larly valuable in evaluating patients with
spinal cord disease because it is sensitive to
disturbances in ambulation.

Table 2-1. British Medical Research
Council Scale of Muscle Strength3

0: No muscular contraction
1: A flicker of contraction, either seen or pal-

pated, but insufficient to move joint
2: Muscular contraction sufficient to move

joint horizontally but not against the
force of gravity

3: Muscular contraction sufficient to maintain
a position against the force of gravity

4: Muscular contraction sufficient to resist
the force of gravity plus additional force

5: Normal motor power
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Table 2-2. Scale of Muscle Strength*

Preclinical. All activities normal
Walks normally. Unable to freely

Grade 0:
Grade 1:

Grade 2:

Grade 3:
Grade 4:

Grade 5:

Grade 6:

Grade 7:

Grade 8:

Grade 9:

Grade 10:

run
Detectable defect in posture or

gait. Climbs stairs without using
bannister

Climbs stairs only with bannister
Walks without assistance. Unable

to climb stairs
Walks without assistance. Unable

to rise from a chair
Walks only with calipers or other

aids
Unable to walk. Sits erect in a

chair. Able to roll a wheelchair
and eat and drink normally

Sits unsupported in a chair. Un-
able to roll a wheelchair or un-
able to drink from a glass unas-
sisted

Unable to sit erect without sup-
port or unable to eat or drink
without assistance

Confined to bed. Requires help
for all activities

*From Walton, J,7 p. 452, with permission.

Finally, a recently reported assessment
of motor strength of the lower extremities
measures the time required for an individ-
ual to rise from a standard chair ten
times.6 Although this may not be helpful
in patients suffering from pain or marked
weakness, it is often useful in following pa-
tients longitudinally and is particularly
helpful in measuring proximal muscle
strength, which is often diminished by
corticosteroids or chronic disease.

MUSCLE BULK

Causes of muscular atrophy include dis-
use, endocrinological disturbance, malnu-
trition, and loss of innervation (neuro-
genic atrophy) such as in cases of
radiculopathy. In cases of monoradicu-
lopathy, atrophy is not prominent since
most muscles receive innervation from
multiple nerve roots. In cases of chronic
radiculopathy (such as cervical spondylo-

sis), atrophy may precede weakness,
whereas weakness may precede atrophy in
cases of acute radiculopathy (such as acute
disc herniation).

Neurogenic atrophy may be associated
with fasciculations, which represent the
spontaneous contraction of a group of
muscle fibers innervated by a single motor
neuron. Fasciculations are not sufficiently
strong to move a joint but can usually be
seen as a rippling movement just beneath
the skin. They may be difficult to see if the
period of observation is brief or if the
lighting is poor. It is generally best to ob-
serve the muscle obliquely rather than
perpendicularly to take advantage of the
shadows created by the rippling move-
ments. Fatigue, cold, medications, and
metabolic derangements often cause simi-
lar movements.

In cases of compressive root lesions, fas-
ciculations may occur in the myotomal dis-
tribution of the compressed root. Fascicu-
lations are also commonly observed in
patients with anterior horn cell disease;
however these fasciculations are different
in that they don't occur repetitively in the
same fasciculus during minimal contrac-
tion, and are present during complete
rest.7 Spontaneous benign fasciculations
occasionally are observed in healthy indi-
viduals. Typically, they occur only after
contraction of the muscle and are not as-
sociated with weakness or atrophy.7

MUSCLE TONE

Muscle tone, the resistance that a muscle
presents to passive limb movement, is of-
ten a very valuable sign in distinguishing
the site of a lesion causing weakness.
When measuring muscle tone, it is imper-
ative that the muscles be relaxed, and it is
often helpful to distract the patient's at-
tention.

Spasticity and rigidity refer to common
forms of increased muscle tone due to cen-
tral nervous system disease. In spasticity,
the increased tone is due to an exaggera-
tion of the stretch reflex. If the muscle is
slowly stretched, increased tone may not
be found. However, if the muscle is
stretched more rapidly, increasing amounts
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of resistance are found. Spasticity has been
referred to as "rate-sensitive" for this rea-
son. When due to cortical disease, spastic-
ity preferentially involves the flexors in
the upper extremities and extensors in
the lower extremities.

Rigidity refers to increased muscle tone
that is not rate-sensitive—that is, not de-
pendent on the rate of movement. Unlike
spasticity, it is found equally in both exten-
sors and flexors. Rigidity is commonly
seen in patients with Parkinson's disease.

Spasticity usually results from dysfunc-
tion of the descending tracts, including
the corticospinal tract.8-11 Spinal shock is
one very important condition in which in-
terruption of descending motor tracts re-
sults in flaccid weakness.

SPINAL SHOCK

When patients present with weakness as-
sociated with reduced muscle tone or flac-
cidity, the examiner is usually directed to
diseases of the peripheral nerves or multi-
ple nerve roots (although other causes
such as cerebellar lesions are known). If
the lesion is in the thoracic spine, it may
give the appearance of a cauda equina
syndrome or peripheral neuropathy. A
critically important diagnostic error may
be made in evaluating patients in which all
spinal reflexes caudal to an acute transec-
tion are lost. The clinical manifestation of
spinal shock is flaccid paralysis with loss
of deep tendon reflexes below the level of
the lesion. When this occurs in the cervical
spine, it may resemble the clinical picture
of an acute polyneuropathy or polyradicu-
lopathy, such as Guillain-Barre syndrome.
These errors will delay the correct diagno-
sis of spinal shock and appropriate inter-
vention, which in many cases may require
surgical decompression of the cord. The
clinical differentiation of spinal shock
from peripheral nerve or root disease can
usually be made on the basis of a sensory
level, which is only present in patients
with spinal cord transection. Severe bowel
dysfunction and bladder dysfunction early
in such a course also suggest cord involve-
ment rather than peripheral nerve dis-
ease.

DIFFERENTIATION FROM OTHER
CAUSES OF WEAKNESS

The pattern of weakness, and associated
neurological findings, is of considerable
localizing value. Individual nerve roots
generally project to several different mus-
cles, and individual skeletal muscles usu-
ally receive their innervation from multi-
ple roots. An important clinical corollary is
that muscle paresis is common after injury
to a single nerve root but frank paralysis is
unusual. Also, corticospinal and periph-
eral nerve dysfunction often present with
paralysis of several muscles or muscle
groups.

Atrophy, often severe, develops in pe-
ripheral nerve lesions as well. Atrophy is
generally less prominent in isolated root
lesions because multiple nerve roots in-
nervate single muscles, and there is usu-
ally reinnervation of chronically dener-
vated muscle fibers from adjacent roots.
In some cases of radiculopathy, denerva-
tion may only be seen with electrodiagnos-
tic studies. The most sensitive clinical find-
ing in diagnosing root lesions, however, is
a depressed deep tendon reflex of the
muscle that receives much of its innerva-
tion from the injured root.

"SEGMENT-POINTER" MUSCLES

Although most muscles are innervated
from multiple roots, in many cases a single
muscle suffers the greatest dysfunction
from a monoradiculopathy. Schliack has
termed such muscles segment-pointer mus-
cles.1 Table 2-3 lists a group of muscles
that may point the examiner to a specific
nerve root. Because some individuals have
prefixed and some have postfixed inner-
vation, this listing, although very helpful
as a screening examination, should not be
considered infallible. A more detailed re-
view is found in the Appendix.

PAIN

Pain is not often considered to be a mani-
festation of ventral root dysfunction. How-
ever, recent clinical reports suggest that ir-
ritation of the ventral root may result in
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Table 2-3. Segment-Pointer Muscles*

Root Muscle Primary Function

C3
C4
C5
C5
C6
C7
L3

L4

L4
L5

S1

Diaphragm
Diaphragm
Deltoid
Biceps
Brachioradialis
Triceps
Quadriceps

femoris
Quadriceps

femoris
Tibialis anterior
Extensor hallucis

longus
Gastrocnemius

Respiration
Respiration
Arm abduction
Forearm flexion
Forearm flexion
Forearm extension
Knee extension

Knee extension

Foot dorsiflexion
Great toe

dorsiflexion
Plantar flexion

*Adapted from Schliack, H,1 p. 172.

pain that is distinct in character from the
pain experienced from dorsal root irrita-
tion.12,13 According to the theory advanced
by Sir Charles Bell,14 the ventral roots are
responsible for conveying impulses con-
trolling muscular contraction, and the
dorsal roots conduct those for sensation.
Magendie15 provided the most extensive
experimental support for this doctrine,
which has come to be called the law of Bell
and Magendie. However, pain can be in-
duced in experimental animals through
the stimulation of the ventral root. Some
sensory afferents are present in the ven-
tral roots and enter the spinal cord.16,17

In a series of patients undergoing oper-
ation for cervical ventral root compres-
sion, mechanical stimulation of the ventral
roots evoked deep and diffuse pain,
whereas stimulation of the dorsal root
caused a rapid electric-like shock sensa-
tion.18 The pain arising from the ventral
roots was termed myalgic and that from
the dorsal root, neuralgic. Ventral roots
that had been pathologically compressed
were more susceptible to eliciting pain
than those which had not been pathologi-
cally compressed prior to stimulation. Fur-
thermore, if the dorsal roots were anes-
thetized, the pain was not experienced.

These experimental findings in animals
and humans may explain some of the

myalgic-type pain that some patients re-
port. For example, several publications
have cited the cervical spine as the source
for pain that may be difficult to differenti-
ate from angina pectoris.12,13,19,20 Because
the lower cervical myotomes extend to the
chest wall (see Chapter 3), and the pain
arising from ventral root irritation may be
similar to that arising from coronary isch-
emia, the designation of cervical angina
has been applied.13,21 There is little doubt
that pain, perhaps of a myalgic character,
may result from compression of the ven-
tral roots elsewhere. In such cases, other
signs of nerve root dysfunction such as
motor, sensory, and reflex loss are often
present.12

AUTONOMIC FIBERS

Preganglionic autonomic projections within
the ventral root contain fibers that project
to ganglia outside the spine. Lesions of in-
dividual roots may not disturb sweating or
vasomotor control, but more extensive le-
sions may cause such abnormalities as hy-
pohydrosis and hyperhydrosis. Sympa-
thetic innervation nerves exit the spine
from C8 to L2. Therefore lesions in this
region may have distant effects. For exam-
ple, the trigeminal region and C2 to C4
receive sympathetic innervation from C8
to T3. For this reason, a patient with a le-
sion in the paravertebral region of the up-
per thoracic spine, such as a superior sul-
cus tumor, may present with Horner's
syndrome.22 Table 2-4 lists the der-
matomal distribution of sympathetic (su-
domotor) efferents.

The parasympathetic efferents in the
spine exit from the sacral roots 2-4 to in-
nervate the pelvic viscera, genitalia, and
bladder. Within the spinal cord, the nerve
cell bodies for these efferents are located
within the conus medullaris. Disease
processes involving the conus or cauda
equina may therefore present with distur-
bances of these functions.

Dorsal Root Dysfunction

The dorsal roots convey sensory informa-
tion to the spinal cord, and disturbance of
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Table 2-4. Cutaneous Distribution of
Sympathetic Efferents (Sudomotor
Fibers)*

Ventral
Spinal Root

C8
T1-T3

T4
T5-T7
T8
T9
T10
T11
T12
L1
L2

*From Schliack,

Corresponding Dermatomal
Areas Receiving Sweat

Gland Innervation

C2-C4
Trigeminal area

and C2-C4
C5-C6
C5-T9
T5-T11
T6-L1
T7-L5
T9-S5
T10-S5
T11-S5
T12-S5

H,1 p. 164, with permission.

their function is most commonly mani-
fested by pain and, to a lesser extent, by
sensory impairment. It is now well estab-
lished that, following damage to sensory
axons within peripheral nerves, there are
changes in the cell bodies of dorsal root
ganglion neurons that include the down-
regulation of certain sodium channel
genes and include the activation of other,
previously silent, sodium channel genes.23,24

As a result, inappropriate combinations of
sodium channels are produced, poising
nociceptive dorsal root ganglion neurons
to generate inappropriate bursts of im-
pulses that produce pain and paraesthe-
sia.25-27 In addition, following damage to
nociceptive axons within the dorsal roots,
there can be sprouting of non-nociceptive
(A) afferents onto pain-signaling neurons
within the superficial laminae of the dor-
sal horns so that ordinary tactile stimuli
activate central pain pathways.28 Pain may
be local, it may be in a radicular or non-
radicular distribution, and/or secondary
to muscle spasm.

Back symptoms are often caused by me-
chanical disease of the spine, such as the
common problem of spondylosis. Low
back pain is the second most common
cause for absenteeism in industrial set-

tings.29 It is usually self-limited and often
responds to bed rest,30 however, it may be
the first symptom of a much more serious
underlying disease. For example, as will
be seen in Chapter 5, back pain and/or
radicular pain is reported in approxi-
mately 95% of such patients at the time of
diagnosis of cord compression.31,32 Pain
may also be a sign of serious visceral dis-
ease manifested in the spine or elsewhere.
In some cases, this pain may be confused
with benign regional pain, resulting in a
delay in diagnosis. Clinical clues discussed
below and in Chapter 3 suggest those
cases where pain is more likely to be due
to a serious pathology.

PAIN

Local Pain

Local or regional back or neck pain is sec-
ondary to irritation or damage of inner-
vated structures of the spine. The perios-
teum, ligaments, dura, and apophyseal
joints are innervated structures. However,
the central regions of the vertebral body
and nucleus pulposus are not innervated
and cannot, therefore, be a source of pain.
For this reason, the central region of a ver-
tebral body may be replaced by tumor and
yet the patient does not complain of pain.
If the tumor invades the periosteum, how-
ever, pain will be reported.

Local pain is appreciated in the region
of the spine and is deep, aching, and exac-
erbated by activity that places an increased
load on diseased structures. Patients suf-
fering from pain due to epidural tumor
generally report that their pain is made
worse by a supine position,33,34 whereas
those suffering from spondylosis and
musculoligamentous strain generally fa-
vor bed rest. The reason for pain exacer-
bation in the reclining position in patients
with epidural tumor is uncertain, al-
though Rodriguez and Dinapolil35a sug-
gest that a recumbent position is associ-
ated with lengthening of the spine, which
presumably would cause increased trac-
tion of compressed nerve roots and spinal
cord.

Palpation of the involved structures may
exacerbate the local pain regardless of the
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cause. Surprisingly, however, percussion
tenderness may not always be elicited in
patients with metastatic disease. In one
study36 of 43 patients with spine metasta-
ses demonstrated by computed tomogra-
phy (CT), only 20 (46%) had spinal per-
cussion tenderness. Furthermore, of 20
patients whose tumor extended into the
epidural space, only 13 (65%) had spinal
percussion tenderness. The absence of
percussion tenderness should not reassure
the examiner that metastatic disease is un-
likely.

In addition to irritation of local inner-
vated structures, muscle spasm often
causes local pain. Such pain is usually dif-
fuse and aching, and spasm is often found
on examination. Myofascial pain syn-
dromes37,38 may cause both local and re-
ferred pain.

Projected Pain

Projected pain arises from one anatomical
site but is projected or referred to a site
some distance from the site of pathology.
Projected pain arising from irritation of
dorsal nerve roots is of a radicular type,
whereas that due to irritation of other
spinal structures is usually of a nonradicu-
lar type. Although these forms of pain are
not always easy to differentiate, it is im-
portant to distinguish between them be-
cause radicular pain has strong localizing
value but nonradicular pain does not.
Radicular pain will be used to describe
pain arising from nerve root irritation
with projection in that root distribution.
Nonradicular referred pain (called simply
referred pain in the interest of brevity)
will be discussed separately.

Referred Pain

Referred pain arising from disease of the
spine has been studied by several investi-
gators.39-41 After injecting hypertonic sa-
line in the region of the interspinous lig-
ament, Kellgren concluded that pain
arising from pathology of this region was
referred in a segmental distribution. This
study was criticized by Sinclair and associ-
ates,41 who concluded that the pattern of

segmental pain referral was, in fact, due to
nerve root irritation.

In one study,40 the pattern of pain refer-
ral was examined in normal volunteers af-
ter injection of 6% saline into the apophy-
seal joints of L1-2 and L4-5. The pain
exhibited was cramping and aching in
quality. As shown in Figure 2-1, there was
overlap in the regions of pain referral

B

Figure 2-1. Patterns of referred pain. The distribu-
tion of pain referral from L1-2 (diagonal lines) and
L4-5 (crosshatching) are superimposed following in-
tracapsular (A) and pericapsular (B) injections. Over-
lap of the patterns is shown in the region of the iliac
crest and groin. (From McCall, IW, et al.,40 p. 18,
with permission.)

A
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from upper and lower lumbar injections,
with most of the pain being referred to the
flanks, buttocks, groin, and thighs. It is of
clinical interest that referred pain did not
project below the knee despite the fact
that the L4-5 level was stimulated. McCall
concluded that unlike radicular pain, re-
ferred pain does not follow segmental der-
matomes and is not helpful in localization.

Although there may be paresthesias in
the cutaneous area of pain referral as well
as tenderness to deep palpation of the
muscles, there are no neurologic abnor-
malities found in cases with referred pain
of nonradicular origin. (This situation is
unlike radicular pain, where disturbance
of the nerve root may often be present in
the form of sensory loss, hyporeflexia,
and/or ventral root dysfunction.) Referred
pain is generally aggravated and relieved
by the same maneuvers that alter local
pain.

Referred pain arising from disease of
visceral structures may mimic referred
pain from the spine. The autonomic ner-
vous system provides both efferent and af-
ferent innervation of the viscera. Up to
10% of all dorsal root afferents are visceral
in origin.42 Visceral pain may thus be re-
ferred in segmental distributions. The skin
in these areas of referral may be hypersen-
sitive. Head's zones and muscles may be
tender in the region of pain referral.43

Table 2-5 lists patterns of pain referral
from common causes of visceral disease,
which often create diagnostic problems.

Radicular Pain

Radicular pain arises from irritation of the
dorsal roots. The resulting pain projects
to the region of segmental innervation of
the respective nerve. As noted above, un-
like other forms of referred pain, radicu-
lar pain has great specificity for localizing
disease causing irritation of a nerve root.
Since it is diagnostically so valuable, it is
important to recognize and accurately di-
agnose the level of radicular involvement.
Table 2-6 lists the common sites to which
pain of radicular origin is projected.

Radicular pain is often sharp and stab-
bing, and it can be associated with a

Table 2-5. Patterns of Visceral Pain
Referral*

Visceral
Source of Pain Roots Pain Referred to

Heart
Stomach
Duodenum

Pancreas

Gallbladder

Appendix

T1-5
T5-9
T6-10

T7-9

T6-10

T11-12

Chest and arm
Region of xiphoid
Xiphoid to um-

bilicus
Upper abdomen

or back
Right upper

abdomen
Right lower quad-

Kidney, glans T9-L2

Prostate S2-4
region

rant
Costovertebral

angle, penis
Glans penis, lumbar

*Adapted from Haymaker, W,67 p. 67.

chronic ache that radiates from the spine
to the distribution of the involved nerve
root. Maneuvers that stretch or further
compress the nerve root, such as cough-
ing, sneezing, straight leg raising and neck
flexion, generally aggravate the pain. The
patient may avoid certain activities and
postures that place further stretch on the
nerve. For example, in the case of sciatica,
the patient may prefer to maintain the leg
in a flexed posture at the hip and knee
and to plantar flex the foot. Such a pos-
ture results in a rather characteristic gait
in these patients. Cutaneous paresthesias
and tenderness of tissues in the region of
pain projection, as in referred pain, are
common. However, in cases of radicular
pain there may also be sensory distur-
bances and, at times, reflex and motor ab-
normalities corresponding to the injured
nerve root. Motor disturbances are de-
scribed in the section on ventral root dis-
orders.

CASE ILLUSTRATION

A 62-year-old man with lymphoma was re-
ferred for evaluation of pain in the right but-
tock, which radiated down the lateral aspect of
the thigh to the region of the patella. The pain



Table 2-6. Differential Diagnosis of Lesions on Nerve Roots*

Sensory supply

Sensory loss
Area of pain

Reflex arc
Motor deficit

Some causative lesions

C5

Lateral border
upper arm

As above
As above and medial

scapula border

Biceps jerk
Deltoid
Supraspinatus
Infraspinatus
Rhomboids

Brachial neuritis
Cervical

spondylosis
Upper plexus

avulsion

C6

Lateral forearm
including thumb

As above
As above esp.

thumb and
index finger

Supinator jerk
Biceps
Brachioradialis
Brachialis
(Pronators and

supinators of
forearm)

Cervical
spondylosis

Acute disc lesions

Roots

C7

Over triceps,
mid-forearm and
middle finger

Middle fingers
As above and

medial scapula
border

Triceps jerk
Latissimus dorsi
Pectoralis major
Triceps
Wrist extensors
Wrist flexors

Acute disc lesions
Cervical

spondylosis

C8

Medial forearm to
include little finger

As above
As above

Finger jerk
Finger flexors
Finger extensors
Flexor carpi

ulnaris (thenar
muscles in some
patients)

Rare in disc lesions
or spondylosis

D1

Axilla down to the
olecranon

As above
Deep aching in

shoulder and
axilla to olecranon

None
All small hand

muscles (in some
thenar muscles
via C8)

Cervical rib
Outlet syndromes
Pancoast tumour
Metastatic

carcinoma in
deep cervical
nodes



Roots

L2 L3 L4 L5 S1

Sensory supply Across upper thigh

Sensory loss Often none

Area of pain Across thigh

Reflex arc None
Motor deficit Hip flexion

Some causative leisions

Across lower thigh

Often none

Across thigh

Adductor reflex
Knee extension
Adduction of thigh

Neurofibroma
Meningioma
Neoplastic disease
Disc lesions very

rare (except L4
<5 percent all

Across knee to
medial malleolus

Medial leg

Down to medial
malleolus

Knee jerk
Inversion of the foot

Side of leg to
dorsum and sole of
foot

Dorsum of foot

Back of thigh, lateral
calf — dorsum of foot

None
Dorsiflexion of toes

and foot (latter
L4 also)

Behind lateral
malleolus to
lateral foot

Behind lateral
malleolus

Back of thigh, back
of calf lateral foot

Ankle jerk
Plantar flexion and

eversion of foot

Disc lesions
Metastatic

malignancy
Neurofibromas
Meningioma

*From Patten, J,37 p. 195 and 211, with permission.
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was provoked by neck flexion and occasionally
was present in the recumbent position. Neuro-
logical examination was remarkable for an
equivocal reduction of the right patellar reflex
and positive reverse straight leg raising that
provoked the leg pain. Plain films of the spine
were unrevealing but a CT scan with intra-
venous contrast enhancement demonstrated a
small mass lesion in the region of the L3-4
foramen compressing the L3 nerve root. This
was considered to be lymphoma and radiation
therapy was commenced. Following radiation
therapy, the pain resolved entirely and the
knee reflex returned to normal.

Comment. This case illustrates the sensitiv-
ity and specificity of radicular pain in localiz-
ing an epidural neoplasm. The pain, which
was primarily present on neck flexion, con-
vinced the examiner that the lesion was most
probably in the spinal axis and not in the
pelvis, hip, or elsewhere. The workup, there-
fore, was immediately directed to the spine de-
spite the fact that there were only equivocal re-
flex findings.

SENSORY DISTURBANCES

Just as referred pain from the spine or
from visceral sources may mimic radicu-
lar pain, so may irritation of peripheral
nerves cause diagnostic confusion. For ex-
ample, carpal tunnel syndrome may com-
monly cause pseudoradicular symptoms
in the proximal arm. Similarly, the piri-
formis muscle in the pelvis may compress
the sciatic nerve, causing sciatica that may
be difficult to differentiate from radicular
syndromes. In cases of nerve root injury
and peripheral nerve injury, pain may be
associated with sensory loss, unlike other
forms of referred pain in which true sen-
sory loss is not found. Careful attention to
the sensory exam may help distinguish be-
tween these various causes of radicular
and nonradicular projected pain and pain
arising from peripheral nerve injury.

Although there can be sensory loss in
both radicular pain and pain secondary to
peripheral nerve injury, the type and pat-
tern of sensory loss are different in the
two situations. A knowledge of der-
matomal and peripheral nerve cutaneous
innervation is, of course, helpful in distin-

guishing the two causes. It is important to
recognize that since there is considerable
overlap in derrnatomal areas of tactile sen-
sation, loss of touch does not generally oc-
cur as a result of monoradiculopathy.
However, since the derrnatomal represen-
tation of pain sensation has less overlap,
monoradiculopathies result in a greater
area of pinprick analgesia than of tactile
anesthesia. Alternatively, in the case of a
peripheral nerve lesion, one will often
find an area of tactile anesthesia due to
lack of overlap of peripheral nerve cuta-
neous distribution. However, individual
variations in cutaneous innervation occur
frequently.

Dermatomes

A knowledge of the derrnatomal map is
crucial for recognizing and localizing
radicular syndromes. As in many other
areas of neurophysiology, Sherrington
laid the groundwork for our current ana-
tomical knowledge of dermatomes.44 Us-
ing the method of residual sensibility, he
mapped the dermatomes in primates by
sectioning the adjacent dorsal roots above
and below a single dorsal root. The re-
maining area of sensibility was considered
to be the dermatome of the intact dorsal
root. Modern knowledge of dermatomal
maps in humans dates back to Foerster's
work,45 which utilized this strategy in
monkeys. Foerster demonstrated that
there is significant overlap in dermatomal
representations in humans.

More recent physiological studies in
monkeys have demonstrated even greater
variability in the dermatomal maps than
previous studies had suggested.46 Recent
studies suggest that the axons of each dor-
sal root innervate the cutaneous region of
up to five adjacent dermatomes.47 This
would mean that each area of skin may be
innervated by several adjacent dorsal root
ganglia. Thus, our current definition of a
dermatome may need to be reformulated.48

Although these newer findings are ex-
pected to lead to changes in our concepts
and definitions of dermatomes, Figure
2-2 illustrates a currently recognized der-
matomal map that has considerable clini-
cal value. A few points deserve emphasis:
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Figure 2-2. A dermatomal map. (From Sinclair, D,183

p. 41, with permission.)

1. There is no C1 dermatome.
2. On the trunk, the C4 and T2 der-

matomes are contiguous.
3. The thumb, middle finger, and fifth

digits are innervated by C6, C7, and
C8, respectively.

4. The nipple is at the level of T4.
5. The umbilicus is at the T10 level.
6. In the posterior axial line of the leg

(medial thigh), the lumbar and sacral
dermatomes are contiguous.

Finally, there are variations in dermatomal
maps between individuals that may make

clinical conclusions based upon sensory
testing alone problematic.

Deep Tendon Reflexes

In addition to motor and sensory distur-
bances, deep tendon reflex abnormalities
can be of precise localizing value in spine
disease. As demonstrated in Figure 2-3, the
stretch, or myotatic reflex, is a monosynap-
tic reflex that requires both ventral and dor-
sal roots to function normally. When deep
tendon reflexes are focally hypoactive, they
can be sensitive indicators of specific root
disturbance. When they are hyperactive be-
low a specific level (or acutely hypoactive or
absent in spinal shock), they may indicate a
myelopathy at some more rostral level.

The combination of hypoactive reflexes
at a segmental level and hyperactive re-
flexes caudal to this level is commonly
found in patients with cervical spine dis-
ease. For example, although a variety of
diseases may be responsible, cervical
spondylosis in the lower cervical spine
may result in the combination of hypore-
flexia of the brachioradialis due to im-
pingement on C5 and C6 roots and hyper-
reflexia below this level secondary to an
associated myelopathy. When the brachio-
radialis reflex is stimulated in this case,
one paradoxically finds contraction of the
finger flexors (rather than flexion) and
supination of the hand.35 Such a response
is called inversion of the radial reflex.
Table 2-6 identifies nerve roots and their
associated deep tendon reflexes.

The superficial reflexes also require in-
tact spinal roots as well as intact descend-
ing tracts from the brain through the
spinal cord. The most commonly tested
superficial reflexes are shown in Table
2-7. Diminution or absence of the abdom-
inal, cremasteric, or anal reflexes may oc-
cur due to lesions interrupting the nerve
roots subserving such reflexes or as a con-
sequence of lesions of pyramidal and/or
other descending tracts. When there is a
reduction in these superficial reflexes and
an increase in deep tendon reflexes, the
lesion is generally found in the descend-
ing tracts within the brain or spinal
cord. A pathological plantar response, the
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Figure 2-3. The motor and sensory pathways in the femoral nerve and L2, L3, and L4 which mediate the patel-
lar myotatic reflex. The muscle spindles, which respond to a brisk stretching of the muscle as occurs with tap-
ping the patella, are shown entering the L3 spinal segment. These afferent nerves synapse with anterior horn
cells at the same levels to complete the reflex arc. Excessive stretching stimulates the Golgi tendon organs which
are shown entering the L2 spinal segment and which inhibit the extrafusal muscle fibers via an interneuron. A
pathway for reciprocol inhibition of the antagonistic muscle, the hamstring, is also shown. (From Carpenter,
MB,180 p. 236, with permission.)

Table 2-7. Commonly Tested
Superficial Reflexes and
Corresponding Spinal Roots

Abdominal, T7-T12
Cremasteric, L1-L2
Anal, S2-S4
Plantar, S1-S2

Babinski sign, indicates corticospinal tract
dysfunction and is discussed below.

Nerve Root versus Peripheral
Nerve Lesion

As indicated above, monoradiculopathies
rarely cause frank paralysis of a single
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muscle or muscle group, whereas such
paralysis is quite common in cases of pe-
ripheral nerve damage. A knowledge of
innervation of muscle groups is important
in making the distinction (Table 2-8; see
Table 2-6).

The sensory examination may be help-
ful in distinguishing peripheral nerve le-
sions from radiculopathies. Knowledge of
the peripheral nerve sensory distributions
and of dermatomal anatomy is important.
In addition, as already discussed, cuta-
neous tactile loss is more frequent in pe-
ripheral nerve lesions than in mono-
radiculopathies; in radiculopathies, loss of
tactile sensation is unusual due to overlap
of dermatomes.1

Finally, whereas peripheral nerve in-
juries frequently are associated with auto-
nomic complaints, monoradiculopathies
ordinarily are not. This distinction is due
to the fact that the sympathetic ganglia are
located peripheral to the spine and re-
ceive their preganglionic input from sev-
eral segmental levels. The postganglionic
efferents then join the peripheral nerves,
so injuries to peripheral nerves generally
are associated with loss of sweating.1

LOCALIZATION AND
CHARACTERIZATION OF THE
SEGMENTAL LEVEL OF SPINAL
CORD DYSFUNCTION

Motor Disturbances

Following pain, the most common symp-
tom of patients suffering from neoplastic
spinal cord compression is weakness.31

Weakness, particularly of the legs, must al-
ways be viewed as a possible early manifes-
tation of spinal cord disease. The pattern
of weakness as well as the associated reflex
findings and muscle tone can direct the
physician to the anatomical localization
and may suggest the etiology as well. In
spinal cord disease, weakness is classified
as either due to lower motor neuron or
corticospinal tract dysfunction.

As mentioned above, the findings of
lower motor neuron dysfunction are weak-

ness associated with atrophy, hypotonia,
fasciculations, and depressed reflexes of a
single extremity (myotome). Upper motor
neuron disease often manifests with spas-
ticity, hyperreflexia, and Babinski sign
(note the exception of spinal shock), as
well as weakness involving more than a
single extremity. In the case of cervical
spine disease, one may find a combination
of lower motor neuron disturbance involv-
ing the upper extremity and upper motor
neuron findings in one or both lower ex-
tremities.

Perhaps the most important clue in sug-
gesting a spinal origin to weakness is the
pattern of weakness. In individuals with
hemiparesis involving the face, arm, and
leg, there is usually no confusion that the
site of localization is in the brain. Similarly
in patients with definite paraparesis or
quadriparesis, the examiner is usually di-
rected to the spinal cord. The occurrence
of monoparesis creates the most diagnos-
tic confusion. In diagnosing spinal cord
tumors at an eary stage, the patient may
present with unilateral leg weakness, and
examination may not reveal findings in
the contralateral leg or the arms. In such
cases, the physician may erroneously at-
tribute the disorder to an anterior cere-
bral artery stroke, especially if the patient
indicates that it was acute in onset. In
our experience, anterior cerebral artery
strokes are a relatively uncommon cause
of unilateral leg weakness in comparison
with the frequency of cases due to spinal
pathology.

Lesions of the craniocervical junction
and cervical spine often present with a
pattern of unilateral arm weakness before
progressing to ipsilateral leg weakness
and finally contralateral involvement.49,50

Although weakness involving an ipsilat-
eral arm and leg with sparing of the face
suggests a high cervical lesion, cerebral
disturbances or pyramidal infarction51

may account for this localization. Finally,
not all cases of apparent lower extremity
weakness are due to spinal cord disease.
Many patients treated with corticosteroids
or who have generalized cachexia appear
to present with leg weakness because their
chief complaint is often gait difficulty.



Table 2-8. Differential Diagnosis of Lesions of Peripheral Nerves*

Nerves Axillary Musculocutaneous Radial Median Ulnar

Sensory supply

Sensory loss

Area of pain

Reflex arc

Motor deficit

Some causative lesions

Over deltoid

Small area over
deltoid

Across shoulder tip

Nil

Deltoid (teres minor
cannot be evaluated)

Fractured neck of
humerus,
Dislocated shoulder

Deep I.M. injections

Lateral forearm to
wrist

Lateral forearm

Lateral forearm

Biceps jerk

Biceps
Brachialis (coraco-

brachialis weak-
ness not de-
tectable)

Very rarely damaged

Lateral dorsal fore-
arm and back of
thumb and index
finger

Dorsum of thumb
and index (if any)

Dorsum of thumb
and index

Triceps jerk and
supinator jerk

Triceps
Wrist extensors
Finger extensors
Brachioradialis
Supinator of forearm

Crutch palsy.
Saturday night palsy.

Fractured hu-
merus. In supina-
tor muscle

Lateral palm and
lateral fingers

As above

Thumb, index and
middle finger. Of-
ten spreads up
forearm

Finger jerks (flexor
digitorum sub-
limis)

Wrist flexors
Long finger flexors

(thumb, index
and middle fin-
ger)

Pronators of fore-
arm. Abductor
pollicis brevis

Carpal tunnel syn-
drome

Direct trauma to
wrist

Medial palm and
5th and medial
half ring finger

As above but often
none at all

Ulnar supplied fin-
gers and palm
distal to wrist.
Pain occasionally
along course of
nerve

Nil

All small hand mus-
cles excluding ab-
ductor pollicis
brevis. Flexor
carpi ulnaris.
Long flexors of
ring and little fin-
ger

Elbow: trauma, bed
rest, fractured
olecranon.

Wrist: local trauma,
ganglion of wrist
joint



Sciatic Nerve

Nerves Obturator Femoral Peroneal Division Tibial Division

Sensory supply

Sensory loss
Area of pain

Reflex arc
Motor deficit

Some causative lesions

Medial surface of thigh

Often none
Medial thigh

Adductor reflex
Adduction of thigh

Pelvic neoplasm
Pregnancy

Anteromedial surface of
thigh and leg to medial
malleolus

Usually anatomical
Anterior thigh and me-

dial leg
Knee jerk
Extension of knee

Diabetes
Femoral hernia
Femoral artery aneurysm
Posterior abdominal neo-

plasm
Psoas abscess

Anterior leg, dorsum of
ankle and foot

Often just dorsum of foot
Often painless

None
Dorsiflexion, inversion

and eversion of the
foot (+ lateral ham-
strings)

Pressure palsy at fibula
neck

Hip fracture/dislocation
Penetrating trauma to

buttock
Misplaced injection

Posterior leg, sole and lat-
eral border of foot

Sole of foot
Often painless

Ankle jerk
Plantar flexion and in-

version of foot (+ me-
dial hamstrings)

Very rarely injured even
in buttock

Peroneal division more
sensitive to damage

*From Patten, J,37 p. 195 and 211, with permission.
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CASE ILLUSTRATION

A 75-year-old man with a several-year history
of lymphoma was referred for progressive gait
difficulty over a two-month period. The pa-
tient had a history of bone marrow involve-
ment with lymphoma and had received multi-
ple courses of chemotherapy. His most recent
course of chemotherapy was completed three
months earlier and had included vinca alka-
loids and corticosteroids. His extent of disease
evaluation just prior to neurological referral
had included no evidence of lymphoma on
physical examination and a negative chest-
abdominal CT scan, negative bone marrow,
and negative cerebrospinal fluid (CSF) cytol-
ogy, although the CSF protein was mildly ele-
vated at 75 mg per d1. The patient denied any
pain but complained of leg weakness out of
proportion to weakness elsewhere.

His neurological examination revealed a
normal mental status and cranial nerves, and
the motor examination resulted in a grade 6
score (Vignos Archibald scale4) with only ap-
parent mild to moderate weakness of the up-
per extremities. The patient had no deep ten-
don reflexes (due to vinca alkaloids) and had
only minimal sensory loss distally in the upper
and lower extremities. Sphincters were intact.
There was no evidence of spinal tenderness or
Lhermitte's sign, and straight leg raising pro-
voked no pain. Total spine films were unreveal-
ing. The patient died within a few days of re-
ferral.

Autopsy demonstrated a pulmonary embolus
as the proximate cause of death. There was no
evidence of brain or spinal involvement by
lymphoma. There was no evidence of motor
neuronopathy on histological examination of
the spinal cord.49 Muscle histological examina-
tion revealed no sign of polymyositis. The pa-
tient had a massive amount of lymphoma in
the mesentery and retroperitoneal space that
was not evident in imaging studies three weeks
before death.

Comment. This case illustrates apparent
paraparesis due to advanced malignancy with-
out spinal cord involvement. The absence of
back or radicular pain made a diagnosis of
cord compression less likely but, of course, did
not exclude it. The pathophysiological basis for
such cases of severe gait difficulty is not usually
satisfactorily explained, although the cases are

often attributed to a paraneoplastic syndrome
without further pathological or physiological
definition. The important lesson is that without
definitive imaging of the spine one could not
be confident that the cause of weakness was not
cord compression from lymphoma.

Superficial Reflexes

Superficial reflexes, which occur in re-
sponse to stimulation of the skin or mu-
cous membranes, are often abnormal in
patients suffering from spinal cord or
cauda equina disease. The most com-
monly tested superficial reflexes in the pa-
tient suspected to have spine disease are
the superficial abdominal, anal, cremas-
teric, and Babinski reflexes. The superfi-
cial abdominal reflexes are tested by stim-
ulating the abdominal wall with a blunt or
sharp object unilaterally and observing
for contraction of the ipsilateral abdomi-
nal muscles. The normal response is con-
traction of the underlying abdominal mus-
cles resulting in deviation of the umbilicus
or linea alba to the ipsilateral side. Each of
the four quadrants of the abdominal wall
is stimulated independently. The upper
abdominal, or supraumbilical, reflex is in-
nervated by nerve roots T7-9. The umbili-
cal reflex is innervated by nerve roots
T9-11 and the lower abdominal, or in-
fraumbilical, is innervated by the lower
thoracic and upper lumbar roots.

As with deep tendon reflexes, if there is
injury or compression of the spinal roots
subserving the reflex, then there may be
selective diminution of that specific ab-
dominal reflex. There is a pathway that fa-
cilitates the superficial abdominal reflexes.
This pathway ascends the spinal cord to
the brain, where it synapses with neurons,
giving rise to descending fibers that course
within or adjacent to the pyramidal tracts.
If this cerebral loop is interrupted, then
the superficial abdominal reflex is dimin-
ished or abolished. If the lesion is above
the decussation of the pyramidal tract,
then the absent abdominal reflexes will be
contralateral to the lesion. If the lesion is
within the spinal cord, then the reflex loss
will be ipsilateral to the pathology. Such
damage to the pyramidal pathways may
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give rise to dissociation of reflexes, that is,
absent superficial abdominal reflexes with
exaggerated deep tendon reflexes.

Superficial abdominal reflexes may,
however, be absent for a number of
reasons other than neurological disease.
Complicating factors can include deep
sleep, anesthesia, coma, obesity, multi-
parous females, the acute abdomen, post-
surgical abdominal incisions, childhood,
advanced age, and others. It is important
to recognize that the reflex may fatigue
easily after a few stimuli. When there is
unilateral loss of the reflex in the absence
of a local cause (such as abdominal inci-
sion), neurological etiologies are usually
responsible.

The superficial abdominal reflexes are
often lost in cases of intrinsic cord disease
such as demyelination, as well as in cases
of cord compression from extramedullary
disease. Although considered a sign of
pyramidal tract disease, they are not in-
volved in most cases of amyotrophic lat-
eral sclerosis, suggesting that the pathways
subserving the superficial abdominal re-
flex are not dependent on the upper mo-
tor neuron pathways.

The cremasteric reflex is elicited by
stimulating the skin of the upper, inner
thigh from proximal to distal and observ-
ing for ipsilateral elevation of the testicle
as a result of contraction of the cremas-
teric muscle. The nerve roots innervating
the reflex are L1 and L2 via the ilioin-
guinal and genitofemoral nerves. The cre-
masteric reflex may be absent in the
elderly man or when a varicocele, epi-
didymitis, or other urological diseases are
present. As above, one may find a loss of
the cremasteric reflex in association with
exaggeration of the deep tendon reflexes.
This finding also suggests disturbance in
the ascending or descending tracts of
spine or brain.

The cutaneous anal reflex is the con-
traction of the external anal sphincter
upon stimulation of the perianal tissues.
This reflex is innervated by nerve roots
S2-4 via the inferior hemorrhoidal nerve.5

The cutaneous anal reflex is to be distin-
guished from the internal anal sphincter
reflex, which is elicited by introduction of
a finger into the anus.

BABINSKI SIGN

The Babinski response, or upgoing toe, is
recognized as a very useful sign of corti-
cospinal tract disease. Plantar stimulation
is, therefore, tested in patients with leg
weakness in an attempt to differentiate
upper motor neuron causes from other
etiologies. Landau, Gijn, and others have
studied the pathophysiological basis of the
plantar response extensively.52-54

There are many pitfalls in the method
of testing. If the stimulus is applied to the
medial or tender palm of the sole, then a
flexor response may falsely be elicited.37

Alternatively, if the flexor creases of the
toes are stimulated directly, then an exten-
sor response with no diagnostic value
can generally be expected. The examiner
should stimulate the lateral aspect of the
foot from the heel towards the toes and
then move the stimulating object across
the ball of the foot in order to avoid false-
positive or false-negative results.

The Babinski sign may be found in
otherwise asymptomatic patients with no
neurological complaints. For example, a
Babinski sign was reported in approxi-
mately 4% of a series of 2500 nonneurolog-
ical hospitalized patients.55 In addition, a
Babinski reflex developed in over 7% of
normal individuals after a 14-mile march.56

Sensory Disturbances

The sensory examination is generally rec-
ognized as the most difficult part of the
neurological examination for two reasons:
First, it is often difficult to know whether
the slight alterations in sensation that the
patient reports are clinically significant.
The second, and perhaps more important,
reason is that subjective sensory com-
plaints generally precede objective sen-
sory signs and therefore may be the first
sign of serious underlying neurological
disease. One corollary is that in the ab-
sence of sensory complaints, the sensory
examination is usually normal. Thus in
the patient with no sensory complaints, a
survey of sensory function by testing posi-
tion and vibration sense in the toes and
fingers and pin sensation of the face,
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trunk, and extremities is usually sufficient.
If abnormalities are found or there is evi-
dence of spinal root or peripheral nerve
dysfunction, then a more detailed exami-
nation is, of course, required.

Some techniques are helpful in per-
forming the sensory exam: (1) test pin-
prick from the area of reduced sensation
to the normal area; (2) test pinprick sensa-
tion over the entire limb, from distal to
proximal, in the patient who does not re-
port decreased sensation; (3) watch the
patient's facial expression (i.e., look for a
wince) when testing pinprick sensation,
especially in the encephalopathic or de-
mented patient; (4) ask the patient to use
his or her own index finger to outline the
area of subjectively reduced sensation.

As already discussed, radicular sensory
complaints may be the first manifestation
of spinal root pathology. Dysfunction of
the posterior columns or lateral spinothal-
amic pathways also may first present with
characteristic symptoms. Tingling pares-
thesias that may be vibratory in nature are
sometimes reported below the level of a
posterior column lesion.37 Subjective re-
ports of the skin being too tight or an ex-
tremity or trunk being wrapped in ban-
dages also may be due to posterior column
disturbances.37

Spinothalamic tract disturbance is often
first manifested, especially in chronic cases
such as intramedullary lesions, by poorly
characterized and localized pain. We have
seen one patient with an intramedullary
neoplasm involving the lateral spinothala-
mic tracts who complained of burning,
searing pain of the arms and trunk. Con-
vinced that she had visceral disease, she
underwent bone scans, mammography,
electrocardiograms (ECGs), and other
imaging studies until it was clear that her
pain was spinal in origin. Many com-
plaints of patients with intramedullary le-
sions are not associated with any abnormal
signs early in their course, so the com-
plaints may be inappropriately dismissed
after what is considered a negative
workup of the suspected organ. Since the
descriptions of the sensation often seem
atypical, they may incorrectly be ignored
by the physician when the physical exami-
nation is normal.

When signs of sensory disturbance are
present, the cause of sensory symptoms is
more readily recognized. Pain sensation,
usually measured by pinprick and tem-
perature, is conveyed via the lateral
spinothalamic tract. As noted in Chapter 1,
these pathways are somatotopically orga-
nized so that the sacral fibers are most pe-
ripheral and the cervical fibers are most
central. Since a laterally placed extramed-
ullary lesion will compress the peripheral
fibers before the more centrally located
fibers, a lesion in the rostral spine may give
rise to an apparently ascending myelopa-
thy. The pin and temperature sensory dis-
turbance is, of course, contralateral to the
involved spinothalamic tract.15

Position and vibration sensations, trans-
mitted through the posterior columns, are
generally easily evaluated. Ataxia due to
spinal lesions is not as readily recognized.
A bizarre ataxic gait may result from dis-
turbances of posterior columns or possibly
the spinocerebellar tracts57 and may be
particularly evident in combined systems
disease. Light touch is conveyed by both
lateral columns and posterior columns
and usually is not impaired as early in
spinal cord disease as the more specific
modalities.

CHARACTERISTIC SENSORY
DISTURBANCE PATTERNS

Immediately after complete transverse
lesions of the spinal cord, a sensory level
with loss of all sensation caudal to the le-
sion is found (Fig. 2-4A). In time, how-
ever, the area of analgesia extends higher
than the area of complete anesthesia,58

owing to the wider distribution of tactile
sensibility than pain sensibility of nerve
roots.

Several incomplete lesions of the spinal
cord result in characteristic sensory signs.
A hemisection of the spinal cord results in
the so-called Brown-Sequard syndrome, in
which there is loss of pain and temperature
sense contralateral to the lesion and loss of
position and vibration senses and paralysis
ipsilateral to the lesion (Fig. 2-4B).

An early intramedullary lesion of the
cord may give rise to a dissociated sensory
loss in which the decussating fibers at the
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Figure 2-4. Characteristic sensory disturbances found in various spinal cord lesions in comparison to periph-
eral neuropathy.

level of the lesion mediating sensation of
pin and temperature are lost or de-
creased, whereas the position and vibra-
tory sensibilities remain unimpaired (Fig.
2-4C). In the cervical spine, such a clinical
presentation may be caused by a syrinx, or
by a neoplasm or central contusion of the
cord. Central cord lesions may also result
in a suspended sensory level (Fig. 2-4D).
In such cases, sacral sensation is preserved
until late in the course because these fibers
are most peripheral in the lateral
spinothalamic tracts and tend to be in-
volved later. Similarly, a lateral brain-stem
lesion may rarely give rise to a rostral sen-
sory level over the contralateral trunk or a
suspended sensory level with the lower
border over the trunk.59

FALSE LOCALIZING SIGNS

Infrequently, a centrally placed anterior
epidural lesion, such as a central cervical

disc herniation, may result in a sensory
level several segments below the level of
the spinal cord compression. Simmon
described five cases of radiographically
proven painless, central cervical disc her-
niations between C3 and C6 with the clini-
cal examination demonstrating thoracic
levels of hypalgesia between T5 and T7
(Table 2-960). Some patients had other
signs of myelopathy, such as spasticity, leg
weakness, and hyperreflexia. The pro-
gressive neurological complaints of numb-
ness and, when present, weakness, re-
solved with surgical excision of the
offending disc material. The pathophysi-
ology of this discrepancy could not be con-
fidently explained, nor could the authors
attribute the discrepancy in the level of
cord compression from the sensory level
on the basis of the lamination of the tracts,
since each mass was anterior, not lateral.
These findings, and similar falsely localiz-
ing sensory levels with laterally placed ex-
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Table 2-9. Examples of Painless
Cervical Myelopathy with Sensory
Levels*

Case

1
2
3
4
5

Sensory Level

T5-T12 bilaterally
T5 bilaterally
T7 left
T6 right
T6 right

Level of Cord
Compression

C3-C4
C5-C6
C5-C6
C3-C4
C5-C6

*From Simmon, Z, et al.,60 p. 871, with permission.

tramedullary lesions, underscore the im-
portance of recognizing that a rostral le-
sion may give rise to a sensory level far be-
low the site of compression. In practical
terms, therefore, one may need to image
the entire spine rostral to the sensory level
in order to exclude a higher lesion with
certainty.

Autonomic Disturbances

Disturbances of spinal cord and caudal
equina function are often manifested as
symptoms and signs of bladder, bowel,
and sexual dysfunction and, less com-
monly, as respiratory compromise. The
anatomy and pathophysiology of these
pathways are discussed in this section.

Although the diaphragm, intercostal
muscles, and abdominal muscles all are
used for normal respiration, individuals
may ventilate adequately with only the di-
aphragm intact. This massive muscle is
usually innervated by nerve roots C3-5
(though it may be prefixed, innervated by
nerve roots C2-4, or postfixed, innervated
by nerve roots C4-6). With complete tran-
section of the cord between the cervi-
comedullary junction and C3, respiration
cannot be maintained. In partial transec-
tions involving bilateral anterolateral
quadrants, a condition referred to as On-
dine's curse occurs.61-63 Since the path-
ways for voluntary control of respirations
in the lateral quadrant of the spinal cord
are intact but the pathways for automatic
control in the anterior quadrant are lost,

the patient must remain awake in order to
avoid apnea, which occurs upon falling
asleep.64 Foramen magnum tumors, at-
lanto-axial dislocation,65 and congenital
disturbances of the craniocervical junction
are frequent causes of upper cervical spine
compression.

The urinary bladder is innervated by (1)
sympathetic nerves beginning in the inter-
mediolateral cell column at the lumbar
level (primarily L1 and L2 with some con-
tribution from L3 and L4), (2) parasympa-
thetic nerves exiting at S2-4, and (3) the
somatic efferent nerves to the skeletal
muscles of the external urethral sphincter,
exiting at S2-4 to form the pudendal
nerves. In complete transverse lesions of
the cord, an immediate flaccid bladder en-
sues. In unilateral lesions, as demon-
strated by anterolateral cordotomy,66 vol-
untary control of micturition is not lost.
Thus it is unusual to have sphincter func-
tion disturbed early in spinal cord com-
pression when there is only unilateral or
equivocal bilateral lower extremity weak-
ness or sensory disturbance. The most
common exception to this rule is when the
conus medullaris or sacral nerve roots
alone are compressed.

In infancy and early development, blad-
der contraction occurs as a reflex medi-
ated largely via S2-4. Voluntary bladder
control involves the development of inhi-
bition of the bladder evacuation reflex.
Micturition is initiated by voluntary mod-
ulation of this inhibition and requires the
integrity of descending axons. The ma-
jority of these fibers run in the lateral
columns near the equatorial plane, lateral
to the central canal and just anterior to the
corticospinal tract.66 The descending mic-
turition pathways are just posterolateral to
the descending pathways for automatic
breathing in the cervical spine and just
medial to the ascending spinothalamic
pathways.66 When the cord is injured
above the spinal segment S1, descending
inhibition is lost and the sacral (S2-4) re-
flex arc for bladder emptying reverts to a
reflexic mode of functioning. As a result,
after an initial period of spinal shock,
which is often accompanied by urinary re-
tention and overflow incontinence, a re-
flex (neurogenic) bladder develops. If the
disturbance of upper motor neuron func-
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tion evolves slowly, then the reflex bladder
may develop without a preceding period
of spinal shock and flaccid bladder.

The reflex or spastic bladder is charac-
terized by overactivity of both the detrusor
muscle and the external sphincter, causing
incontinence of urine or precipitant mic-
turition. In addition, the bladder capacity
is diminished due to the detrusor contrac-
tion. The sensation of bladder distention
may be lost if ascending tracts are also in-
volved. The anal reflex is often intact in
cases of reflex bladder. On cystometro-
gram testing, the detrusor muscle demon-
strates excessive contraction to small in-
crements of fluid volume.

In contrast to the reflex bladder, when
spinal damage occurs in the region of the
conus medullaris or the cauda equina, a
decentralized or autonomous flaccid blad-
der ensues. Voluntary control over blad-
der function is impaired or abolished. De-
trusor tone is lost and the bladder
distends so that overflow incontinence oc-
curs. Bladder sensation is impaired. Con-
trol over the anal sphincter and the anal
reflex are usually lost. A region of saddle
anesthesia may be present. The cystomet-
rogram usually demonstrates diminished
or absent contractions of the detrusor
muscle.

The anatomical pathways subserving
bowel function are similar to those con-
trolling the urinary bladder. Spinal shock
is generally associated with ileus and a
neurogenic megacolon may develop. The
anal reflex is usually lost. In slowly evolv-
ing lesions above the sacral level, volun-
tary control of the sphincter ani may be
lost, but the anal reflex remains intact un-
less complete cord transection occurs, in
which case it may be absent. In distur-
bances of the conus medullaris and cauda
equina (nerve roots S3-5), fecal inconti-
nence and a flaccid anal sphincter with
loss of the anal reflex may be a presenting
manifestation. Saddle anesthesia is often
seen in such cases. Partial impairment may
be present in any of these syndromes be-
fore frank paralysis and a flaccid sphincter
ensue.

Disturbances of sexual function are
common in spinal cord disease, especially
in men. The descending pathways from
the neocortex, limbic system, and hypo-

thalamus course adjacent to the corti-
cospinal tracts in the lateral funiculi. Pe-
nile erection occurs through the sacral
parasympathetics (S3 and S4), the puden-
dal nerves, and nervi erigentes, and by in-
hibition of the sympathetic vasoconstrictor
center located in the intermediolateral cell
column at L1-2 and then through the
superior hypogastric plexus.67 Vascular
channels in the penis dilate in response to
parasympathetic innervation and tumes-
cence occurs. Ejaculation is performed via
the reflex arc beginning with the afferent
limb arising in the genital epithelium and
passing centrally via the dorsal nerve of
the penis and pudendal nerve to the S3
and S4 dorsal roots. These afferent im-
pulses synapse with two centers: a sym-
pathetic center from T6 to L3 and a
parasympathetic center at S3-4, which to-
gether form the efferent limb of the reflex
arc. The perineal branch of the pudendal
nerve is an important peripheral efferent
pathway.67

CHARACTERIZATION AND
QUANTITATION OF SPINAL
CORD DYSFUNCTION: SPECIAL
CONSIDERATIONS FOR
TRAUMA PATIENTS

Tator has developed a list of "safe assump-
tions" to make when initially evaluating a
trauma victim in order to avoid missing
"occult" injuries.68 One should assume
that all multiple trauma victims have
spinal cord injury (SCI) until proven oth-
erwise, particularly in the cerebrally im-
paired patient (via head injury, intoxica-
tion, etc.) (Table 2-10). He also provides
"spinal clues" that can be obtained from
detailed testing and observation. These
include an assessment of vital signs,
strength, sensation, and reflexes in all
four limbs (Table 2-11). Palpation of the
entire dorsal surface of the neck and back
overlying the spine is mandatory. Regard-
ing vital signs, the observation of hypoten-
sion is particularly important. This, obvi-
ously may indicate hemorrhagic shock,
but it also may indicate the presence of a
cervical or upper thoracic SCI. Hypoten-
sion, bradycardia, and warm extremities
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Table 2-10. "Safe Assumptions"—To
Aid in the Diagnosis of SCI*

1. Every patient with a head injury and
every unconscious patient has an SCI

2. Every patient with multiple trauma has an
SCI

3. Every motor-vehicle accident victim has
an SCI

4. Every victim of a sports or recreational ac-
cident has an SCI

5. Every severely injured worker has an SCI
6. Every victim of a fall at home has an SCI
7. Every SCI has an unstable spinal column

and any movement of the spinal column
after trauma will cause further damage
to the spinal cord

*SCI = spinal cord injury.

together indicate an underlying SCI.68

Although these concerns are particularly
related to trauma, their application to
other potential causes of myelopathy is
relevant.

Table 2-11. "Spinal Clues"—To Aid
in the Diagnosis of SCI (especially
useful in patients who are
uncooperative or have impaired
consciousness)

1. Hypotension and bradycardia occur in
spinal shock

2. Paradoxical respiration
3. Low body temperature and high skin

temperature
4. Priapism
5. Bilateral paralysis of arms and legs, espe-

cially flaccid
6. Bilateral paralysis of either arms only or

arms more than legs, especially flaccid
7. Bilateral paralysis of legs, especially flac-

cid
8. Lack of response to painful stimuli
9. Detection of an anatomic level in re-

sponse to painful stimuli
10. Painful stimulation produces only head

movement or facial grimacing
11. Sweating level
12. Horner's syndrome
13. Brown-Sequard syndrome

Clinical Examination

Appropriate evaluation of the spinally im-
paired patient must begin with a reliable
method of assessment. This method must
have significant interobserver reliability,
be of utility with respect to serial examina-
tions, and allow results to be compared
with those from other patients. The pre-
cursor of the schemes that have been de-
signed to assess the extent of functional
disability related to spinal cord dysfunc-
tion is the Frankel scale (Table 2-12).69

This method lacks specificity with regard
to the definition of extent of neurological
dysfunction. To address this problem,
the American Spinal Injury Association
(ASIA) and the International Medical So-
ciety of Paraplegia (IMSOP) have pub-
lished a modified scale as the Interna-
tional Standards for Neurologic and
Functional Classification of Spinal Cord
Injury (Table 2-13 and Fig. 2-5).70

Benzel and Larson revised the Frankel
scale by expanding it to seven from five
grades. This was accomplished by expand-
ing grades C and D into two grades each,

Table 2-12. Frankel Classification of
Neurological Deficit After Spinal Cord

INJURY

Frankel
Grade Description

A Complete: no motor or sensory
function below level of lesion

B Sensory only: complete motor paral-
ysis below level of lesion with
some preservation of sensory
function; includes sacral sparing

C Motor useless: some motor power
present below level of lesion, but it
is of no practical use

D Motor useful: useful motor power
below level of lesion; these pa-
tients can move lower limbs and
many can walk, with or without
aids

E Recovery: free of neurological symp-
toms, i.e., no weakness, sensory
loss, or sphincter disturbance; ab-
normal reflexes may be present



Table 2-13. SCI Based on the International Standards for
Neurologic and Functional Classification by ASIA and IMSOP

ASIMMSOP Impairment Scale*

Grade A Complete

Grade B Incomplete

Grade C Incomplete

Grade D Incomplete

Grade E Normal

No motor or sensory function is preserved in the
sacral segments S4-5

Sensory but not motor function is preserved below
the neurologic level and extends through the
sacral segments S4-5

Motor function is preserved below the neurologic
level, and the majority of key muscles below the
neurologic level have a muscle grade less than 3

Motor function is preserved below the neurologic
level, and the majority of key muscles below the
neurologic level have a muscle grade 3 or
greater

Motor and sensory function are normal

*ASIA = American Spinal Injury Association; IMSOP = International Medical Soci-
ety of Paraplegia; SCI = spinal cord injury.

STANDARD NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY

Figure 2-5. Neurologic classification of SCI (ASIA/IMSOP). This diagram contains the principal information
about motor, sensory, and sphincter function necessary for accurate classification and scoring of acute SCI. The
ten key muscles to be tested for the motor examination are shown on the left along with the Medical Research
Council grading system, and the 28 dermatomes to be tested on each side for the sensory examination are
shown on the right. The system for recording the neurologic level(s), the completeness of the injury, and the
zone of partial preservation (in complete injuries) is shown at the bottom. (From ASIA,70 with permission.)

63
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thus increasing the ability to separate
functional grades and to more clearly de-
fine the extent of dysfunction.71 This
scheme, however, did not allow the precise
quantitation of function in the patient
confined to bed. Therefore, a modification
of this scheme was devised, and it is cur-
rently being employed by the GM1 Gan-
glioside trial (Table 2-14).

It is emphasized that lesions that result
in an incomplete myelopathy are associ-
ated with a far better prognosis than are
lesions that are associated with a complete
myelopathy. Therefore, their careful dif-
ferentiation is obligatory. Tator empha-
sizes that the clinician must test touch and
pinprick sensation in the lowest sacral der-
matomes, i.e., at the mucocutaneous junc-
tion perianally. Furthermore, voluntary
motor contraction of the external anal

sphincter must be assessed by digital rectal
examination.68

THE SEGMENTAL LEVEL OF
SPINAL CORD INJURY

The ASIA/IMSOP classification scheme
mentioned above provides a method of
determining the segmental level of injury
(neurological level), defined by Tator as
"the most caudal segment of the spinal
cord with normal sensory and motor func-
tion on both sides of the body."68 This def-
inition is necessary because symmetry of
injury is often not present, and differences
must be determined by motor and sensory
examination. The assessment involves 28
right and 28 left dermatomes and 10 my-
otomes by the evaluation of 10 "key" mus-
cle groups (Fig. 2-5).

Table 2-14. Neurological Grading System of Thoracic and
Lumbar Spine Injuries With Regard to Myelopathic Function*

Grade I Complete Functional Neural Transection
No motor or sensory function below the level of injury

Grade II Motor Complete
No voluntary motor function below the level of injury with
preservation of some sensation

Grade III Motor Incomplete-Nonfunctional
Minimal nonfunctional voluntary motor function below the
level of injury

Grade IV Motor Incomplete-Functional (Nonambulatory)
Some functional motor control present below the level of in-
jury that is significantly useful (for use with transfers, etc.)
but not sufficient for independent walking

Grade V Motor Incomplete-Functional (Limited Ambulation)
Motor function allows walking with assistance or unassisted,
but significant problems secondary to lack of endurance or
fear of falling limit patient mobility

Grade VI Motor Incomplete-Functional (Unlimited Ambulation)
Ambulatory without assistance and without significant limita-
tions other than one or more of the following:
1. Difficulties with micturition
2. Loss of nerve root function that significantly impedes

ease of ambulation
3. Slightly discoordinated gait

Grade VII Normal
Neurologically intact with the exception of minimal deficits
that cause no functional difficulties

*Because of the occasional limitation related to spinal instability, "ambulatory" is de-
fined as the motor and sensory function consistent with the ability to walk.
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THE SEGMENTAL LEVEL OF
SPINAL COLUMN INJURY

The vertebral level of injury is defined as
the level with the greatest spinal column
integrity disruption, as defined by imag-
ing studies.

COMMON SPINAL CORD
SYNDROMES

Spinal Shock

The term "spinal shock" has been used in
a variety of circumstances, some of which
are inappropriate. It has at least two com-
monly utilized general definitions. These
are (1) hypotension associated with SCI
and (2) the transient (several days to sev-
eral months) loss of intrinsic spinal cord
reflex activity. Spinal shock occurs, ac-
cording to this second definition, when a
patient demonstrates manifestations of
lower motor neuron dysfunction for days
to months after the onset of myelopathy;
however, ultimately upper motor neuron
dysfunction (with the associated spinal re-
flex activity) develops. This latter defini-
tion is employed here.

A complete transverse section of the
spinal cord results in the loss of motor and
sensory function below the level of that le-
sion. If the lesion is slow to develop, as
may occur with a benign tumor or cervical
spondylosis, or is incomplete, spinal re-
flexes such as hyperactive deep tendon re-
flexes and Babinski signs generally are
present. If the lesion develops acutely,
spinal shock ensues and there is loss of all
spinal reflex activity below the level of the
lesion. Spinal shock is characterized by
flaccid, areflexic paralysis of skeletal and
smooth muscles. There is a complete loss
of autonomic functions below the level of
the lesion, resulting in a loss of urinary
bladder tone and paralytic ileus. Sweating
and piloerection are also diminished or
absent below the lesion. Since vasomotor
tone is lost, dependent lower extremities
may become edematous and temperature
regulation may be a major problem. Geni-
tal reflexes are lost. Sensation below the
level of the lesion is completely absent.

Sherrington performed initial transec-
tions of the spinal cord on animals.72 He
then waited for the animal to recover
spinal reflex activity before sectioning the
cord again, this time below the initial level
of the injury. Following the second tran-
section, he found that no spinal shock en-
sued, which showed that it was the acute
loss of facilitatory supraspinal influences
rather than trauma itself that was respon-
sible for spinal shock. The specific path-
ways responsible for providing this facil-
itatory influence on spinal neurons are
as yet unknown. Sherrington's studies
showed that the duration of spinal shock is
longer in primates than in more primitive
mammals. In humans, the duration is
quite variable. In the majority of cases,
spinal reflex activity begins to return after
one to six weeks. In one series, spinal
shock was reported to be permanent in
five out of 29 patients.

EVOLUTION OF SPINAL SHOCK

A period of spinal shock typically evolves
into a stage of heightened reflex activity.73

Thus the Babinski response, which usually
involves only dorsiflexion of the great toe
and fanning of the remaining toes, may
develop into a triple flexion response in-
volving the hip, knee, and foot after only
minimal tactile stimulation. Simple with-
drawal reflexes may develop into flexor
spasms.

When these reflexes occur together in
response to various stimuli, such as touch
or a distended or infected bladder, the re-
sulting flexor spasms, hyperhydrosis, and
piloerection form the mass reflex. In addi-
tion to a reduction in the threshold of
stimulation that will evoke a spinal reflex,
there is an enlargement of the reflexogenic
zone to a level just caudal to the transec-
tion of the cord. The deep tendon reflexes
below the lesion also become hyperactive.

The mechanism of this heightened re-
flex response after spinal shock is not un-
derstood. One hypothesis is that hy-
perreflexia is secondary to sprouting of
afferent neurons below the level of tran-
section.74 It is thought that after degener-
ation of the descending supraspinal tracts,
spinal motor neurons and interneurons
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are left with many postsynaptic vacancies,
which presumably are innervated by
sprouting of intact afferent neurons.
Based on this hypothesis, the heightened
reflex activity is not, therefore, an exag-
geration of a normal reflex but rather a
new, abnormal reflex.

In the evolution of spinal shock, ther-
moregulatory sweating is impaired below
the lesion but it may be exaggerated, re-
sulting in hyperhydrosis, above the lesion.
In fact, autonomic disturbances above the
level of the lesion are common. Bradycar-
dia, hypertension resulting in headache,
and flushing of the skin are often seen in
patients, and are thought to be due to a
release of norepinephrine from disinhib-
ited sympathetic neurons caudal to the le-
sion and due to a release of epinephrine
from the adrenal medulla.

Riddoch's studies73 during World War I
led to the belief that, following spinal
shock, complete transverse lesions of the
spinal cord ultimately developed into
paraplegia-in-flexion, while incomplete le-
sions developed into paraplegia-in-exten-
sion. Thus, one could determine the ex-
tent of the transection on such a clinical
basis. Although this view was supported
by some experimental work,75 Sherring-
ton58,72 had earlier shown in experimental
animals that following complete transec-
tions of the cord a preponderance of ex-
tensor tone was sometimes found, and
Kuhn76 demonstrated that 18 of 22 pa-
tients with complete cord transection
eventually developed extensor reflexes af-
ter they had fully developed flexor re-
flexes.

The experience of World War II dem-
onstrated that, with the avoidance of de-
cubiti and urinary tract infections (which
provoke flexor spasms) and with other
forms of improved medical care, paraple-
gia-in-extension often ultimately evolves
after complete transection of the cord.77,78

Guttmann58,79 found other factors impor-
tant in determining the ultimate posture,
such as the posture of individuals in the
early period following cord transection.
He found that if the lower extremities of
patients were maintained in an adducted
and flexed position (as with a pillow be-
neath the knees), paraplegia-in-flexion

would more commonly develop. Alterna-
tively, if the legs were maintained in an ab-
ducted and extended position, then para-
plegia-in-extension was more common.
The extensor posture is also favored if the
patient is maintained in a prone position.
These observations and the changes in
medical care for spinal-cord-injured pa-
tients that derived from those observa-
tions have had an important impact on the
outcome of patients with spinal cord in-
juries.

The level of the lesion also is important
in determining the ultimate posture of the
legs. Higher lesions, such as at the level of
the cervical spine, are much more likely to
result in paraplegia-in-flexion than more
caudal lesions. Intermittent extensor pos-
turing is much more likely in patients with
incomplete cord transections than in those
with complete transverse lesions.80

Spinal Cord Injury Syndromes

Spinal cord distortion or disruption re-
sults in neurological deficit that may result
in a variety of spinal cord injury syn-
dromes. An understanding of their char-
acteristic features is mandatory for the
clinician to appropriately diagnose and
manage this patient population.

COMPLETE MYELOPATHY

In the purest sense, complete myelopathy
is associated with no evidence of long tract
neural transmission across the injury site.
This can be difficult to document clini-
cally, and in some cases, efficacy of puta-
tive intervention has been erroneously re-
ported in patients with an incomplete
myelopathy, in which some degree of re-
covery of neurological function might
have been expected.

Complete myelopathy is a functional de-
scription. It has classically been consid-
ered to be an indication of a spinal cord
transection. Although researchers are
searching for cures for spinal cord tran-
section and are making rapid progress, it
is conceded by most investigators that
spinal cord transection remains, at this
time, a neurologically irreversible process.
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However, in some cases of clinically com-
plete myelopathy a population of axons
survives and runs through the lesion but
fails to conduct impulses as a result of de-
myelination and in these cases some re-
covery may occur.81

Careful and serial motor and sensory (in-
cluding saddle sensation, lower sacral, pe-
rianal sensation) examinations are manda-
tory. Appropriate consideration should be
given to the inaccuracies of the examina-
tion that can occur in the cerebrally im-
paired or intoxicated patient. Their exami-
nation may inappropriately reflect a
disproportionately decreased level of neu-
rological function.

The definition of complete myelopathy
is further confused by the inclusion of pa-
tients with some sensory preservation,
when they are indeed not "complete."82 If
one "rigorously" employs the schemes for
neurological assessment depicted in this
chapter, there should be no confusion.

ANTERIOR SPINAL CORD ARTERY
AND ANTERIOR SPINAL CORD
INJURY SYNDROMES

Although first described in 190483 as
syphilitic paraplegia with dissociated sen-
sibility, spinal cord infarction had been
considered a clinical rarity. In a series of
over 3700 postmortem examinations at a
London hospital between 1909 and 1958,
no cases of arterial infarction of the spinal
cord were found.84 More recently, how-
ever, it has been recognized much more
frequently. This is partly a result of an in-
creased number of invasive procedures
such as vascular85,86 and thoraco-abdomi-
nal surgery87 and partly due to improved
survival after cardiac arrest and hypoten-
sion.88-91

The anterior horns and anterolateral
tracts are involved in the anterior spinal
artery syndrome (Figs. 2-6 and 2-7). Ini-
tially spinal shock is expected. Subse-

Figure 2-6. The arterial supply of the spinal cord. (From Dejong, RN,35 p. 580, with permission.)
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Figure 2-7. The tracts involved
(shaded area) in anterior spinal
artery infarction. (C = cervical;
T = thoracic; L = lumbar; S =
sacral.)

quently, motor examination shows lower
motor neuron weakness in the region of
ischemia and corticospinal deficits below
the level of the infarction. Autonomic
pathways are also involved, so there is loss
of bowel, bladder, and sexual function.
The sensory disturbance is dissociated in
that posterior column function is intact
but the spinothalamic tracts are disrupted.

Anterior spinal artery syndrome is dif-
ferentiated from acute central cord syn-
drome92 by the sacral sensory sparing that
tends to occur in the latter. Moreover, the
intact posterior column function seen in
the anterior spinal artery syndrome differ-
entiates it from the syndrome of acute
complete transverse myelopathy.93

Commonly, a ventral injury to the spinal
cord is caused by the retropulsion of a disc
and/or bone fragments into its substance.
This insult can result in dysfunction of the
ventral spinal cord tracts, predominantly
the spinothalamic (pain and temperature)
and corticospinal (motor) tracts, with
preservation of the posterior columns (joint
position sense and gross touch). The preser-
vation of at least some sensory function
drastically alters the overall prognosis.71,94

BROWN-SEQUARD SPINAL CORD
INJURY SYNDROME

A unilateral lesion or hemisection of the
spinal cord produces Brown-Sequard syn-

drome.15 In reality, such pure unilateral le-
sions are rare (except in pure stab injuries),
and most clinical cases are described as a
modified Brown-Sequard syndrome.

The clinical presentation of pure
Brown-Sequard syndrome is that of ipsi-
lateral weakness and a loss of position and
vibration below the lesion, with contralat-
eral loss of pain and temperature (Fig.
2-4B). The loss of pain and temperature is
usually manifest a few segments below the
level of the lesion because the decussating
fibers enter the spinothalamic tract a few
segments rostral to the level of entry of the
nerve root. At the level of the insult, there
may be a small ipsilateral area of anesthe-
sia, analgesia, and lower motor neuron
weakness because the segmental afferent
and efferent pathways are disrupted. Both
axial and sagittal imaging techniques may
be particularly useful for evaluating pa-
tients with this syndrome.

There are many known causes of the
pure syndrome; trauma is probably the
most common.67,95 Radiation necrosis has
also been reported as a cause.96 Patients
with spinal metastases rarely present with
Brown-Sequard syndrome. In one large
series of patients with spinal metastases,97

of 106 patients with signs of myelopathy,
only two had a pure Brown-Sequard syn-
drome. An additional eight had greater
weakness ipsilateral to the lesion and
more marked pain and temperature loss
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contralateral to the lesion, but no dorsal
column signs. This group would be con-
sidered to have a "modified Brown-
Sequard syndrome."

CENTRAL SPINAL CORD
SYNDROME

A sudden annular constriction of the
spinal cord will often lead to an injury of
the central portion of the spinal cord. A
stenotic spinal canal, combined with trau-
matic insult, appears to be necessary for its
traumatic inducement. Other causes, such
as primary spinal cord tumors and sy-
ringomyelia, are also common. Regardless
of the etiology, the central portion of the
spinal cord is injured, thus providing an
anatomical explanation for the neurologi-
cal picture.98-103

Because of the somatotopic distribution
of function in spinal cord long tracts in the
axial plane, a central injury to the cervical
spinal cord results in a characteristic clini-
cal picture, i.e., a loss of motor and sen-
sory function in the upper extremities that
is out of proportion to that lost in the
lower extremities (Fig. 2-8).

The central cord syndrome is due to an
intra-axial lesion disturbing the normal

structures of the central or paracentral re-
gion of the spinal cord. Such disturbances
may be acute, usually due to hemorrhage
or contusion following trauma,92 or
chronic, due to tumor or syringomyelia.
Although a demyelinating process may oc-
casionally cause a similar syndrome, it is
usually not confused with the more typical
causes. The clinical presentations of these
disorders share some common features.
Contusions following trauma and sy-
ringomyelia frequently occur in the cervi-
cal spine and cervicothoracic junction.
Spontaneous hematomyelia generally pre-
sents with the acute onset of severe back
or neck pain, followed by paralysis. It can
occur at any level of the cord and may be
due to an arteriovenous malformation or
coagulopathy.

When the cervical spine or cervicotho-
racic junction is the site of a central cord
syndrome, the upper extremities show
weakness of a lower motor neuron type.
Characteristically, there is loss of sensation
in the upper extremities of a dissociated
type—i.e., loss of pin and temperature
with preservation of position and vibra-
tion—because the decussating fibers des-
tined for the spinothalamic tracts are in-
terrupted while those projecting within

B

Figure 2-8. Somatotopic organization of the cervical spinal cord revealing the anatomic explanation for central
cord syndromes causing sacral sparing. Shaded area represents region of dysfunction (A), axial view. (B) Longi-
tudinal view. Arrows denote ascending and descending tracts.

A
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the posterior columns are spared. As a re-
sult of the laminated structure of the
spinothalamic tract, sensation from the
more caudal regions is preserved, and
sacral sparing of pin and temperature sen-
sation is the rule (see Fig. 2-4D).

In slowly developing lesions, the lower
extremities ultimately exhibit signs of weak-
ness of an upper motor neuron type. In
acute lesions, there is usually initial spinal
shock. Bowel, bladder, and sexual function
are generally impaired immediately in
acute lesions and later in chronic lesions. In
cases involving the cervical and cervicotho-
racic spine, there may also be Horner's syn-
drome unilaterally or bilaterally.

ANTERIOR HORN SYNDROME

Prior to development of the polio vaccine,
the acute anterior horn syndrome was
commonly encountered due to invasion of
the spinal cord by poliomyelitis virus.
Rarely, other enteroviruses may cause the
acute syndrome. The chronic anterior
horn syndrome in the adult population is
commonly seen in conjunction with de-
generative diseases such as amyotrophic
lateral sclerosis and in post-polio syn-
drome. Paraneoplastic conditions may
also present as an anterior horn syn-
drome, such as the subacute motor neu-
ronopathy that has been reported as a re-
mote effect of lymphoma.49 Finally, there
are several forms of inherited spinal mus-
cular atrophy that may present as an ante-
rior horn syndrome.

These patients present clinically with
lower motor neuron weakness that may be
asymmetric, especially in the acquired
forms. The muscles become areflexic and
flaccid. Fasciculations may occur. Sensory
and autonomic disturbances are not gen-
erally seen. A similar clinical syndrome
may, of course, be due to intramedullary
lesions such as syringomyelia or tumors,
but this must be differentiated from ven-
tral root disturbances such as those due to
spondylosis.

ANTERIOR HORN AND
PYRAMIDAL TRACT SYNDROME

Disturbances of the anterior horns and
pyramidal tracts with sparing of the sen-

sory functions and autonomic nervous sys-
tem are seen in motor neuron disease.
Clinically, one typically finds a combina-
tion of lower motor neuron weakness pa-
tients with its attendant atrophy and fasci-
culations (and fibrillations on EMG) and
upper motor weakness with spasticity, hy-
perreflexia, and Babinski signs. Either the
lower motor neuron or upper motor neu-
ron disturbance may predominate for
months or years. Ultimately, as the lower
motor neuron disease progresses, there is
increasingly severe atrophy and evolution
from hyperreflexia to hyporeflexia.

COMBINED POSTERIOR AND
LATERAL COLUMN DISEASE

The patients who lose posterior column
and lateral column (pyramidal) function
clinically present with a spastic ataxic gait.
Although Friedreich's ataxia may cause
such a syndrome, the classic cause is sub-
acute combined degeneration104 associated
with pernicious anemia. When symptoms
such as paranoia and megaloblastic mad-
ness accompany a gait that appears nonor-
ganic or hysterical, the patient often is re-
ferred for psychiatric evaluation.

CASE ILLUSTRATION

A 52-year-old woman presented with a three-
month history of distal extremity paresthesias
and weakness manifested by difficulty walking.
Her internist found her depressed and suspi-
cious. Her gait was unsteady and she had de-
pressed reflexes. She was uncooperative for the
remainder of the examination. She believed
that she had injured both knees but could not
relate any specific injury. When her knee
roentgenograms were reported as negative,
she refused a further workup and was lost to
follow-up. Several months later she was seen by
a psychiatrist who recognized the need for
neurological assessment. On mental status ex-
amination, the patient manifested agitation
and suspiciousness. Her gait was both ataxic
and spastic; each step was associated with
choreoathetoid arm movements as though she
was walking a tightrope. She could not tandem
walk, had poor foot position sense, and a posi-
tive Romberg. Her deep tendon reflexes were
diminished, but her lower extremity muscle
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tone was increased. Babinski signs were pres-
ent, and vibration sensation was impaired in
both legs.

A CBC (complete blood count) showed a
mild anemia and an MCV (mean corpuscular
volume) of 110 (82-92, normal range). A
serum vitamin B12 level was 13 ugs per ml
(200-800, normal range). A diagnosis of sub-
acute combined degeneration of the spinal cord
was made. The Schilling test was positive and
confirmed the clinical impression. Intramuscu-
lar injections of vitamin B12 were begun. The
patient's neurological status did not signifi-
cantly change after one month, although she
had a hematological response. She remained
insistent that her problem was due either to a
knee disturbance or to a lumbar spine problem
because she had had a long history of back
pain. She sought the care of other physicians
unfamiliar with her medical history and under-
went knee arthroscopy and a lumbar myelo-
gram. When these studies were reported
normal, she returned for her vitamin B12 injec-
tions. Her gait and mental status improved but
she continued to have mild gait ataxia and de-
pression and required psychiatric counseling
and physical therapy.

Comment. This case illustrates the predomi-
nance of neuropsychiatric as well as sensorimo-
tor findings in patients with subacute com-
bined degeneration.105 The patient's persistent
delusion that she had back and knee disease,
despite evidence to the contrary, was a manifes-
tation of suspiciousness and paranoia sec-
ondary to the vitamin B12 deficiency. This de-
layed her workup and treatment. Subacute
combined degeneration is a treatable disorder
that can be diagnosed noninvasively. It should
be considered in all patients with signs of pos-
terior column and pyramidal tract dysfunction.

CHARACTERISTIC CLINICAL
FEATURES OF LESIONS AT
DIFFERENT LEVELS

Spinal tumors at different levels often
present with characteristic symptoms and
signs referable to the segmental levels in-
volved. In cases of extramedullary tu-
mors, disturbances at the segmental level
usually herald the presentation of the neo-
plasm. Intramedullary tumors frequently

do not present with segmental distur-
bances but rather with tract dysfunc-
tion.106

Foramen Magnum

Lesions of the foramen magnum, which
include tumors, syringomyelia, multiple
sclerosis, Arnold-Chiari malformation, at-
lanto-axial dislocation, and other bony ab-
normalities of the craniocervical junction,
present one of the most challenging diag-
nostic problems for the clinician because
the symptoms are often vague or may be
distant from the foramen magnum. For
example, although patients with Arnold-
Chiari malformation type 1 (without
meningocele) often present with progres-
sive cerebellar dysfunction, increased in-
tracranial pressure, or lower cranial nerve
dysfunction, they may also present with a
syndrome of syringomyelia.

Since many foramen magnum lesions,
such as benign tumors, neurofibromas or
meningiomas, or atlanto-axial dislocation,
are surgically treatable, there is a high
premium on early diagnosis and treat-
ment.65 Congenital bony abnormalities in
the region of the foramen magnum
may be entirely asymptomatic, but when
found, they often lead to difficult clinical
decision making.107,108

FORAMEN MAGNUM TUMORS

When the foramen magnum lesion is a tu-
mor (Fig. 2-9), occipital or neck pain, of-
ten increased by neck movement, is the
most common initial manifestation.109 The
pain may also radiate into the shoulders
or the ipsilateral arm. In the latter situa-
tion, the pain may be difficult to differ-
entiate from that secondary to cervical
spondylosis. In many such cases the latter
diagnosis may be suspected clinically, only
to be confirmed by plain films of the cervi-
cal spine. As documented elsewhere,110

cervical spondylosis as diagnosed on plain
radiographs is found in 50% of individuals
over 50 years of age and 75% of those over
65 years old, many of whom are asympto-
matic. This high prevalence of spondylosis
in the general population may result in
delay in diagnosing a rare condition such
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B
Figure 2-9. An MRI scan of a meningioma at the
cranio-cervical junction. (A) Sagittal view. (B) Axial
view. In the sagittal view, the tumor is seen occupying
the entire anteroposterior extent of the spinal canal.
In the axial view, the spinal cord (black arrowhead) is
severely compressed by the tumor (white arrows).
(Courtesy of Dr. Richard Becker.)

as a foramen magnum tumor, which con-
stitutes only approximately 1% of intracra-
nial and intraspinal tumors.111 In other
cases of foramen magnum tumors, the
pain may also radiate into the lower
back.111

The neurological signs associated with
foramen magnum tumors may also be
perplexing. Cranial nerve symptoms and
signs are variable; nystagmus, impaired
sensation over the face (due to involve-
ment of the descending tract of cranial
nerve V), and dysarthria, dysphonia, and
dysphagia are present in some patients.109

Motor system involvement characteristi-
cally presents itself as spastic weakness.
The corticospinal tracts are compressed by
the extramedullary intradural neurofi-
broma or meningioma, so weakness typi-
cally begins in the ipsilateral arm, followed
in order by weakness of the ipsilateral leg,
the contralateral leg, and contralateral
arm.109

It has been long recognized, however,
that foramen magnum tumors may cause
signs of lower motor neuron weakness, at-
rophy, and depressed reflexes in the arms
and hands.109 The mechanism of this
lower motor neuron disturbance well be-
low the level of the tumor has never been
fully elucidated, but it may be secondary
to circulatory disturbances affecting the
distribution of the anterior spinal artery.
It is important to recognize that atrophy
of the hand muscles may arise from tu-
mors above C4, since the findings could be
mistaken for a syrinx, motor neuron dis-
ease, or pathology at the level of the lower
cervical spine.109

Sensory disturbances consisting of pain
and numbness are early manifestations of
foramen magnum tumors. Remarkably,
the paresthesias are often reported along
the ulnar aspect of the forearm and hand,
despite the fact that the lesion is several
segments above the C8-T1 dermatomes.
In one series,109 early findings were pain
and paresthesias affecting the same upper
extremity first involved by spastic weak-
ness. The mechanism whereby the upper
motor neuron weakness and sensory loss
occur in the same upper extremity has not
been explained but is thought to be sec-
ondary to a disturbance of an intramedul-
lary pathway.109

The sensory disturbances found in these
patients are often of the dissociated type,
so patients suffer from loss of pin and tem-
perature, but have preserved tactile sensa-
tion. A suspended sensory loss also has
been reported in some cases. This pattern
often leads to the mistaken clinical impres-
sion that the patient has an intramedul-
lary lesion such as a syrinx. Lhermitte's
sign is frequently reported and some pa-
tients exhibit loss of vibration sensibility
over the clavicle or acromion process.109

In the past, myelography was the imaging

A
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modality of choice. Scanning by CT has
been helpful in defining lesions of this re-
gion, especially if bone such as the skull
base is being imaged. With the advent of
MRI, this area may be now readily and
noninvasively visualized.112,113

ATLANTO-AXIAL DISLOCATION

Atlanto-axial dislocation is another impor-
tant craniocervical abnormality that may
result in spinal cord compression. It may
be caused by incompetence of either the
odontoid process or of the transverse at-
lantal ligament. When posterior atlanto-
axial subluxation is due to congenital and
developmental causes, there also may be a
variety of anomalies of the spine and cran-
iocervical junction. Some of the disorders
associated with atlanto-axial instability and
dislocation include craniocervical junction
anomalies, basilar impression, neurofibro-
matosis, congenital scoliosis, and others.114

Metastatic cancer to the dens is becom-
ing a more frequently recognized cause of
atlanto-axial dislocation, especially in pa-
tients harboring malignancy.115 Rheuma-
toid involvement of the transatlantal liga-
ment is another acquired cause and is seen
in patients with rheumatoid arthritis.116

With atlanto-axial subluxation, the spinal
cord may be compressed. Compression is
reported to occur regularly when the
sagittal diameter of the spinal canal at this
level is 14 mm or less and may occur at
15-17 mm.65 This measurement is consid-
erably greater than that at which compres-
sion occurs in the lower cervical spine
(10-13 mm).117 As the sagittal diameter of
the spinal cord varies by only 1 mm from
C1 to C7, this difference probably is due
to the sagittal diameter of the transverse
atlantal ligament (4-5 mm), which is inter-
posed between the odontoid process and
spinal cord.

The mechanism of neural injury in
many cases of atlanto-axial subluxation is
reported to be compression of the medul-
locervical junction by the odontoid pro-
cess.118 The clinical presentation of at-
lanto-axial instability and subluxation may
be perplexing. Symptoms are often inter-
mittent and may include weakness of an
upper motor neuron type or muscle wast-

ing of the upper extremities, ataxia, dizzi-
ness, lower cranial nerve symptoms, and
pain. Priapism is seen in some patients.
Patients are often considered to have de-
myelinating disease or motor neuron dis-
ease before the correct diagnosis is made.
Patients with atlanto-axial instability, espe-
cially if not recognized, are at risk for de-
terioration when undergoing general
anesthesia.114 A great many articles have
been devoted to atlanto-axial instability
andsubluxation.65,107,114,118,119

CASE ILLUSTRATION

A 16-year-old mildly retarded young man was
brought to the emergency room after suddenly
falling to the ground, while at a dance. He did
not lose consciousness but was unable to move.
The emergency room physician noted a sus-
tained penile erection but could find no other
abnormalities on examination. The emergency
room staff asked the neurological consultant to
rule out a hysterical pseudoseizure.

Examination revealed an alert young man
with dulled mental capacities. When ques-
tioned, he stated he had lost control of his arms
and legs after hyperextending his neck while
dancing. The weakness resolved over several
hours. Examination revealed no cranial nerve
abnormalities. Motor examination was normal
except for decreased muscle tone in all extrem-
ities. Sensory examination revealed inconsis-
tent results, but a spinal level could not be
appreciated. Deep tendon reflexes were mod-
erately brisk bilaterally and plantar responses
were mute. Abdominal reflexes were absent.
There was a sustained penile erection.

Because of the suspicion of an atlanto-axial
dislocation, the patient's neck was immobilized.
Cervical spine X-rays showed nonfusion of the
dens, which was minimally displaced at the
time of the examination.

Comment. This case illustrates several
points. First, in atlanto-axial dislocation, neu-
rological dysfunction can be transient, presum-
ably reflecting the variable anatomy of the un-
stable atlanto-axial junction. Thus, in the
patient with a history of transient tetraparesis,
pathology of this crucial region must be
sought. The absence of signs of spinal cord
compression on examination does not rule out
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atlanto-axial pathology. Second, this case illus-
trates the importance of priapism as a localiz-
ing sign in disorders of the high cervical spine.
This sign was well known to professional hang-
men, who in the past were paid by the families
of convicted criminals to hang their victims pri-
vately so as to avoid the embarrassment of the
penile erection reflex in response to the hang-
man's fracture at C1-2.

Upper Cervical Spine

Neoplasms involving the upper cervical
spine have similar clinical characteristics
to those arising at the foramen magnum.
Pain in the neck, occipital region, or
shoulder is a very common presenting
complaint. The first cervical root does not
have a sensory dermatomal distribution,
but the second cervical root innervates the
posterior aspect of the scalp, explaining
the pattern of radicular pain to this loca-
tion. If the tumor is at the third or fourth
cervical level, radicular pain may be pro-
jected to the neck or top of the shoulder.
When pain occurs, it is usually provoked
by neck movements, resulting in marked
limitation of spontaneous head turning
and nodding. This may be apparent on ca-
sual inspection.

Furthermore, since the descending tract
of the trigeminal nerve may be irritated,
sensory disturbances and funicular pain in
the face may occur. Sensory disturbances
in the face are rare presenting manifesta-
tions of spinal tumors; when they are the
initial complaint of such a patient, they are
much more likely to be secondary to an in-
tramedullary rather than an extramedul-
lary tumor. For example, Elsberg50 de-
scribed a patient harboring a high cervical
intramedullary tumor who had an early
symptom of numbness and shooting pain
on the side of the face. In the absence of
numbness, one might consider a diagnosis
of tic douloureux in such a patient.

Usually following the initial complaint
of pain, upper extremity weakness be-
comes apparent on the same side. The
weakness may be of an upper or lower mo-
tor neuron type. Some patients, therefore,
may have spasticity and hyperreflexia,
whereas others may have atrophy and hy-

poreflexia of a portion or of the entire up-
per extremity including the hand.50 The
cause of lower motor neuron findings in
patients with foramen magnum and up-
per cervical lesions several segments above
the disturbed segmental levels is un-
known. It has been attributed to circula-
tory disturbances, although this has not
been proven. When upper motor neuron
findings develop in the ipsilateral leg, a
spinal hemiplegia is present. Weakness
may progress to the contralateral lower
extremity and then to the contralateral
upper extremity. The weakness in both
lower extremities may be of the upper mo-
tor neuron type, and that of the upper ex-
tremities may be either of the lower motor
neuron variety or a combination of both
upper and lower motor neuron. If atten-
tion is limited to the lower cervical spine
using CT scanning or other imaging pro-
cedures, an upper cervical mass lesion
may be missed.

Frequently, sensory disturbances do oc-
cur. Sensory loss may appear initially
in the same upper extremity as the
weakness, and it may be quite variable in
distribution and type. Cases have been re-
ported106 that present with upper extrem-
ity astereognosis interpreted as suggesting
a parietal lesion. Lhermitte's sign also of-
ten occurs.

Cranial nerve symptoms and signs are
infrequent in upper cervical spine dis-
ease.50 Reference to involvement of the
descending trigeminal tract has already
been made. In addition, atrophy and
weakness involving the trapezius and ster-
nocleidomastoid may occur owing to the
spinal component to the 11th cranial
nerve. Nystagmus may be present. Other
cranial neuropathies such as facial and
tongue weakness have also rarely been re-
ported. Unequal pupils may occur sec-
ondary to a central Horner's syndrome
if the descending pathways are injured
en route to the neurons involved in
ciliospinal reflexes situated at the inter-
mediolateral horn at C8, T1, and T2.
Horner's syndrome may be incomplete,
in which case loss of sweat and vasodi-
latation due to vasoconstrictor paralysis,
and enophthalmos may not uniformly be
present.
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Weakness or paralysis of the diaphragm
may occur at lesions at or above the C4
level. Complete transverse lesions at the
C4 level may not be associated with paral-
ysis of the diaphragm if the innervation of
the phrenic nerve at the C3 level is ade-
quate.58 The weakness may of course be
unilateral or bilateral. Emphasizing that
diaphragmatic paralysis is the most life
threatening of complications of lesions of
the spine. Degenerative disease of the cer-
vical spine may present with similar but
characteristic findings.

Lower Cervical and Upper
Thoracic Spine

Extramedullary neoplasms and nonneo-
plastic lesions at the levels of C5-T1 fre-
quently cause radicular symptoms at the
affected level in the shoulder or upper ex-
tremity in the form of pain and later re-
flex, motor, and sensory disturbances.
With lesions at the C4-6 level, pain and
sensory disturbances are frequently re-
ported along the radial aspect of the arm,
forearm, and thumb. Pain is also frequent
with intramedullary growths at these lev-
els but the localization is usually more dif-
fuse and less typically radicular in nature.

Pain and sensory symptoms at the
C7-T1 levels frequently are localized to
the ulnar aspect of the arm, forearm, and
hand. As demonstrated in the dermatomal
map, the C7 dermatome usually includes
the middle finger and the T1 and T2 der-
matomes are located at the ulnar border
of the hand and forearm. Tumors at the
Tl and T2 levels often cause pain to radi-
ate into the elbow and hand along with
sensory complaints along the ulnar border
of the hand. Such complaints are often at-
tributed to an ulnar neuropathy at the
elbow or to orthopedic problems. As at
other locations, intramedullary growths
usually give rise to more diffuse symptoms
that are often bilateral, while extramedul-
lary neoplasms frequently present with
exquisite localizing symptoms.

Weakness usually follows pain in extra-
medullary tumors, with a preponderance
of weakness often present at the affected

segmental level. As might be expected
based on the myotomal map of the upper
extremity, intramedullary and extramed-
ullary lesions at C4-6 tend to involve the
muscles in the shoulder and upper arm.
As with foramen magnum and upper cer-
vical spine tumors, atrophy and weakness
of the hand are also seen occasionally with
lesions at C4-6, possibly due to vascular
factors affecting the lower cervical seg-
ments. Such a pattern of weakness and at-
rophy may lead the examiner to consider
a lesion at the C7-T2 level instead, for tu-
mors at these levels typically cause muscle
symptoms and signs in the forearm and
hand.

The pattern of extremity weakness may
be a guide in distinguishing intramedul-
lary from extramedullary disorders. Al-
though there are exceptions, extramedul-
lary lesions tend to affect the ipsilateral
upper and lower extremity before involv-
ing the contralateral side. In contrast, in-
tramedullary lesions may involve both
upper extremities before the lower ex-
tremities or show bilateral arm and leg in-
volvement from the onset.50

The deep tendon reflexes are very help-
ful in localizing the segmental level of in-
volvement in the cervical spine. Disease at
the C5-6 levels often is associated with de-
pressed biceps (C5) and/or brachioradialis
reflex (C6) (see Table 2-6). One may en-
counter cases of a depressed biceps reflex
associated with a hyperactive brachiora-
dialis reflex if there is a compressive
myelopathy at the C5 level. Although not
specific for cervical spondylosis, a de-
pressed brachioradialis (C6) reflex with
hyperactive finger flexors (C8-T1) is often
seen in individuals who have a C6 radicu-
lopathy with myelopathy; neoplasms or
other diseases at the C6 level may cause a
similar clinical presentation. When the le-
sion is at the C7 level, the triceps reflex
may be affected.

With lesions at C8 and T1, the finger
flexor response, the Hoffmann sign, may
be impaired. The Hoffmann sign is
evoked by dorsiflexing the patient's wrist
and then flicking the distal phalanx of
the middle finger with the examiner's
thumb.35 The patient's middle finger is
thus flexed and suddenly extended. When
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the Hoffmann sign is present, this maneu-
ver is followed by sudden flexion of the
patient's thumb and other fingers. When
present bilaterally, it usually indicates hy-
peractive deep tendon reflexes. Although
there may be disease of the pyramidal
pathways, healthy individuals may have
bilateral Hoffmann signs in conditions
such as anxiety, hyperthyroidism, and use
of CNS-stimulating drugs. When unilater-
ally present, it usually signifies disease of
the nervous system, and the examiner
must distinguish between disease of the
pyramidal tract and disease of the periph-
eral nervous system, such as of the C8-T1
nerve roots or the lower brachial plexus
(e.g., Pancoast tumor). For example, a
Pancoast tumor may present with loss of a
Hoffmann reflex and with hyperreflexia
below the cervical cord due to cord com-
pression. The associated physical findings
and history are usually helpful.

Although Horner's syndrome may de-
velop with a neoplasm at any level of the
cervical spine, it is most commonly seen
as an early manifestation of tumors near
the intermediolateral cell column at the
C7-T2 segmental levels.67 In addition, the
close anatomical relationship with the sym-
pathetic ganglion near the T1 level makes
Horner's syndrome an early hallmark of
epidural tumors in this region. For exam-
ple, among cancer patients with brachial
plexus lesions, the presence of Horner's
syndrome is a risk factor for the extension
of paravertebral tumor into the epidural
space.121

Thoracic Levels

As with lesions at other levels of the cord,
pain is the most frequent presenting man-
ifestation. (Fig. 2-10) The pain may be lo-
cal, radicular, or both. The thoracic der-
matomal landmarks that guide the
examiner to the level of involvement are
the nipple (T4), the umbilicus (T10), and
the inguinal ligament (L1). Pain or sen-
sory alterations in a radicular distribution
are localized to a specific dermatome us-
ing these levels as points of reference. Pain
in the upper thoracic level may be mis-

Figure 2-10. Myelogram following C1-2 puncture
demonstrates an epidural block from lymphoma at
the T3 level.

taken for pleural disease, whereas in the
right upper abdominal quadrant, attacks
of radicular pain may be considered symp-
toms of cholelithiasis. Other abdominal or
thoracic viscera might be suspected as the
source of pain at other levels. Radicular
pain may also be bilateral, creating a gir-
dle sensation.
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When the lesion is in the lower thoracic
spine, the segmental level of involvement
sometimes may be determined by the
presence of Beevor's sign. Since tensing
the abdominal musculature (as in elevat-
ing the head off the bed in the supine po-
sition) requires the supraumbilical and in-
fraumbilical muscles, a lesion at or
adjacent to the level of T10 may be associ-
ated with upward movement of the um-
bilicus with such a maneuver.

The relatively small vertebral canal and
the vascular watershed area of the spinal
cord in the thoracic region make the tho-
racic spinal cord extremely vulnerable to
injury from compression.122 Conse-
quently, the temporal course of symptoms
of cord compression is often shorter in this
region than elsewhere.106,122 Pain often
evolves rapidly into weakness, sensory
loss, and reflex abnormalities caudal to
the lesion. Sphincter disturbances ulti-
mately develop.

Lesions in the region of the thoracolum-
bar junction may present with clinical
manifestations of a myelopathy, conus
medullaris syndrome, or cauda equina
syndrome.

Conus Medullaris and
Cauda Equina

Lesions of the cauda equina and conus
medullaris cause similar symptoms and
signs including local, referred, and radic-
ular pain; sphincter disturbances; loss of
buttock and leg sensation; and leg weak-
ness. It may be relatively easy to establish
the level of a single radiculopathy, but it is
much more difficult to assign the cause
and localization when there are several
lumbosacral levels involved. In such situa-
tions, the examiner must consider the pos-
sibility of a lower spinal cord lesion or a
cauda equina syndrome. There has been
a long effort to differentiate conus
medullaris lesions from those of the cauda
equina,30,123 but some authors conclude
that it usually is not possible to discrimi-
nate between neoplasms arising from the
lower spinal cord and those arising from
the cauda equina124,125 because in most
cases, both anatomical regions are in-
volved. This section describes features tra-
ditionally considered valuable in differen-
tiating these lesions.

Table 2-15. Differentiation of Conus/Epiconus From Cauda Equina Lesions*

Conus Medullaris/ Epiconus Cauda Equina

Spontaneous pain

Motor findings

Sensory findings

Reflex changes

Sphincter disturbance

Male sexual function
Onset

Unusual and not severe; bilateral
and symmetric in perineum or
thighs

Not severe, symmetric Fibrillary
twitches are rare

Saddle distribution, bilateral, sym-
metric, dissociated sensory loss
(impaired pin and temperature
sensibility with sparing of tactile
sensibility)

Epiconus: Only Achilles absent
Conus: Achilles and patellar present
Early and marked (both urinary

and fecal incontinence)
Impaired early
Sudden and bilateral

Often very prominent and severe,
asymmetric, radicular

May be severe, asymmetric, fibril-
lary twitches of paralyzed mus-
cles are common

Saddle distribution, may be asym-
metric, no dissociation of sen-
sory loss

Patellar and Achilles may be absent

Late and less severe

Impairment less severe
Gradual and unilateral

*Adapted from DeJong, RN35 and Haymaker, W.67



78 Diseases of the Spine and Spinal Cord

The conus medullaris consists of levels
S3-Cocl and the epiconus, as well as levels
L4-S2.67 Disturbances of epiconus func-
tion involve weakness, sensory loss, and
reflex loss in the lower extremities sub-
served by L4-S1 roots, along with sphinc-
ter disturbances. Patients, therefore, expe-
rience difficulty with external rotation and
extension of the thigh at the hip, flexion
of the knee, and weakness of all muscles
below the knee. Although rare in its pure
form, patients with conus medullaris syn-
drome present with sphincter distur-
bances, saddle anesthesia (S3-5), impo-
tence, and absence of lower extremity
abnormalities. Pure conus medullaris syn-
drome is usually due to an intramedullary
lesion such as a tumor, cyst, or infarct or
trauma.67,126 Injury disturbs spinal cord
and cauda equina function. Therefore low
lumbar and sacral (spinal cord; conus
medullaris) function is lost, while more
proximally exiting (cauda equina) roots
are also impaired.. Table 2-15 attempts to
identify the clinical features that may help
in differentiating conus and epiconus le-
sions from cauda equina lesions.

DISTINGUISHING
INTRAMEDULLARY FROM
EXTRAMEDULLARY TUMORS

Neoplasms of the spine may be classified
on the basis of location (Fig. 2-11 and
Table 2-16). Intramedullary tumors consist
of neoplasms arising from neuroectoder-
mal tissues such as ependymoma, astrocy-
toma, or glioblastoma. Extramedullary-
intradural growths are usually histologically
benign meningiomas and nerve sheath tu-
mors, although metastatic neoplasms to the
leptomeninges also occur. Epidural tumors
are usually metastatic deposits to the verte-
bral column with extension into the spinal
canal and secondary cord/cauda compres-
sion, or, less frequently, epidural tumors
may be primary tumors of the skeletal
tissues such as multiple myeloma, or os-
teogenic sarcoma.

The relative frequency of epidural, ex-
tramedullary-intradural, and intramedul-
lary tumors is difficult to ascertain. This

Figure 2-11. The potential sites of neoplasms which
may cause myelopathy. The neoplasm may arise in or
metastasize to the spinal cord (intramedullary)(A).
The neoplasm may be extramedullary but intradural
(B). Epidural tumors may begin in the vertebral col-
umn (C), in the paravertebral space (D), or, rarely, in
the epidural space itself (E). (From Byrne, TN,182

with permission.)

problem arises because the patients dis-
cussed in the neurosurgical literature
much more commonly suffer from pri-
mary spinal tumors than from metastatic
lesions; the converse is true in oncologic
series. Since the majority of metastatic
spinal neoplasms occur in the epidural
space, whereas primary spinal tumors are
more frequently intradural lesions, some
estimate of the relative frequency of these
locations for neoplastic growth may be de-
termined by histological type. Based on
population studies, metastatic cancer to
the spine is much more common than pri-
mary spinal tumors. For example, Alter127

has reported that primary spinal tumors
occur at an annual incidence rate of
0.9-2.5 per 100,000 individuals. For a
population of 250 million in the United
States, this would mean a maximum an-
nual incidence of 6250 individuals. The
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Table 2-16. Classification of Spinal
Neoplasms According to Location with
Some Examples of Histological Types

Intramedullary Neoplasms
Ependymoma
Astrocytoma
Glioblastoma
Vascular neoplasm
Metastasis

Extramedullary-Intradural Neoplasms
Meningioma
Nerve sheath tumor
Vascular neoplasm
Metastasis

Epidural Neoplasms
Metastasis
Multiple myeloma
Osteogenic sarcoma (osteoma)
Chondrosarcoma (chondroma)
Lipomas
Teratoma

annual mortality rate for cancer in 1980
was 184 per 100,000 individuals in the
United States (data from Center for Envi-
ronmental Health, Centers for Disease
Control [CDC]). Approximately 5% of pa-
tients dying from cancer develop spinal
cord compression,128 so the annual inci-
dence of metastatic spinal cord compres-
sion is approximately 9 per 100,000. For a
population of 250 million, this corre-
sponds to an annual incidence of 22,500
in the United States. Therefore, it ap-
pears, based on available epidemiological
data, that metastatic spinal tumors are 3 to
4 times more common than primary
spinal tumors. This calculation is very
similar to other reports of relative fre-
quency.129

Distinguishing among intramedullary,
extramedullary-intradural, and epidural
tumors of the spinal cord may be a vexing
clinical problem that ultimately requires
radiographic confirmation. The explana-
tion for this clinical experience has been
provided by a clinicopathological study of
extramedullary spinal neoplasms130 which
demonstrated that extramedullary tumors
can cause ischemia and demyelination in
the posterior and lateral column with rela-
tive sparing of the anterior columns re-
gardless of the location of the extramedul-

lary tumor. Both coup and contrecoup in-
juries occurred in the spinal cord. The areas
of infarction and demyelination were often
deep and did not follow a specific pattern.
In some instances the pathological find-
ings were more marked ipsilateral to the
tumor; in other cases, they were primarily
contralateral. Therefore, definite clinical
patterns of evolution would not be ex-
pected. Nevertheless, at times clinical pre-
sentations may be helpful in evaluating
patients (Table 2-17).

Pain

Pain is a common initial symptom of all
types of spinal tumors. Although the pain
is usually progressive, it has been reported
to remit transiently in some cases.50

Guidetti and Fortuna state, "It is pointless
to try to predict the type of growth from
the presence or absence of pain,"122 but
there are some characteristics of pain that
may be helpful in the evaluation.

As already mentioned, approximately
90% of patients with metastatic epidural
tumors complain of vertebral or radicular
pain at the time of diagnosis.131 In cases of
extramedullary-intradural tumors, radic-
ular pain is often a prominent complaint
and may be present for months or years
prior to diagnosis.132,133 With neurofi-
bromas, the pain is usually unilateral,
whereas it may be bilateral in menin-
giomas.

Typical radicular pain is much less com-
mon in cases of intramedullary tumor.134

Individuals with intramedullary tumors
rarely present with root symptoms or
signs alone.106 The projected pain is usu-
ally burning, biting, and pinching.50,135

Funicular pain is much more common
than radicular pain in these patients and it
is often bilateral.136 It is typically poorly lo-
calized, diffuse, and burning, and often
involves large areas of the body. Funicular
pain may be triggered by tactile stimula-
tion or movement of the spine.

Funicular pain is rare in cases of
epidural tumors; it was found in only
3% of Torma's series.137 However, in
Guidetti's series,122 funicular pain was the
initial symptom in 22% of his patients and
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Table 2-17. Characteristics That Can Help in Differentiation Between
Extramedullary and Intramedullary Tumors of the Spinal Cord*

Extramedullary Tumors Intramedullary Tumors

Spontaneous pain

Sensory changes

Changes in pain and
temperature sensa-
tions in saddle area

Lower motor neuron
involvement

Upper motor neuron
paresis and hyper-
reflexia

Trophic changes
Spinal subarachnoid

block and changes in
spinal fluid

Radicular or regional (local) in
type and distribution; an early
and important symptom

Contralateral loss of pain and tem-
perature; ipsilateral loss of pro-
prioception; (Brown-Sequard
type)

More marked than at level of le-
sion. Sensory level may be lo-
cated below site of lesion

Segmental

Prominent

Usually not marked
Early and marked

Funicular; burning in type;
poorly localized

Dissociation of sensation; spotty
changes

Less marked than at level of le-
sion. Sensory loss can be sus-
pended

Can be marked and widespread
with atrophy and fasciculations

Can be late and less prominent

Can be marked
Late and less marked

*Adapted from DeJong, RN.35

appeared later in 45%. Lhermitte's sign, a
commonly encountered neurologic com-
plaint, is thought to be due to demyeli-
nated ascending tracts of the spinal cord
that discharge spontaneously when me-
chanically stimulated.138 Although Lher-
mitte139 recognized its common occur-
rence in patients with multiple sclerosis,140

it is now recognized to occur in a variety of
clinical settings involving spinal cord dis-
ease, including cervical spondylosis and
disc herniation,141 head injuries,142 follow-
ing radiation injury,143,144 and in subacute
combined degeneration.145,146 Further-
more, cisplatin has been reported to cause
Lhermitte's sign. Lhermitte's sign has
been reported in patients with both extra-
medullary and intramedullary tumors and
is not, therefore, helpful in distinguishing
between them.122

Motor Disorders

Motor disorders are second only to pain as
the most common presenting manifesta-
tion of spinal cord tumors, perhaps be-

cause the pyramidal pathways may be
more sensitive to the compressive and
ischemic effects of neoplasms than the sen-
sory pathways.122 The rate of evolution of
weakness is not helpful in distinguishing
between intramedullary and extramedul-
lary tumors. Slow progressive weakness is
frequently seen in both types of neo-
plasms. Similarly, rapid deterioration in
motor function has been reported in cases
of intramedullary tumors, extramedul-
lary-intradural tumors, and extradural
tumors.31,122 Hemorrhage into the tumor
has been found in some cases of intramed-
ullary tumors, such as glioblastoma.122'147

Vasogenic edema and circulatory distur-
bances have been reported to occur ex-
perimentally in epidural tumors148,149 and
probably also play a role in intramedullary
and extramedullary-intradural tumors.
Although progressive weakness is the rule
in all spinal neoplasms, transient remis-
sions may occur,122 reflecting secondary
mechanical and vascular factors.

Weakness has been found in 13%-60%
of cases of intramedullary tumors at the
time of diagnosis.122 Weakness due to in-
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tramedullary tumors may characteristi-
cally spread in the limbs from a proximal
to a distal location.50,136 This pattern is due
to the lamination of the corticospinal tract.
Intramedullary lesions in the cervical
spine, such as gliomas or syringomyelia,
may cause unilateral or bilateral arm pare-
sis with sparing of the lower extremity
strength early in their course136 (sus-
pended area of weakness). Except for
foramen magnum tumors, extramedul-
lary cervical neoplasms infrequently give a
clinical picture of bilateral arm weakness
with preservation of leg strength. As dis-
cussed earlier, neoplasms of the foramen
magnum often present with unilateral
arm weakness before progressing to leg
weakness.122,150,151

Unlike the case in intramedullary tu-
mors, in cases of extramedullary-
intradural tumors of the cervical spine
such as neurofibromas and meningiomas,
lower extremity strength is usually im-
paired to a comparable degree to that in
the arms.152,153 In addition, the weakness
at the level of the neoplasm may be radic-
ular as well. In epidural tumors, signs of
weakness are frequently seen at the time
of diagnosis; the prevalence is approxi-
mately 85% in one series.31 Other series of
epidural metastases have reported a lower
incidence of weakness,154 but only pain is a
more frequent complaint in patients with
metastatic spinal cord compression.30,155

Sensory Disturbances

Sensory disturbances may begin with sub-
jective complaints of paresthesias. For un-
known reasons, paresthesias are unusual
presenting manifestations in most patients
with spinal tumors. Frequencies of less
than 10% have been reported in cases of
epidural tumors, nerve sheath tumors,
and intramedullary tumors.122,132,137 In
cases of meningiomas, though, the com-
plaint of paresthesia appears to be com-
mon, with frequencies of 23%-37% re-
ported.122,137,152

On examination, isolated sensory loss in
the absence of other complaints and signs
is a rare presenting manifestation of either
intramedullary or extramedullary spinal

tumors. The cutaneous pattern and evolu-
tion of sensory loss may be helpful in dis-
tinguishing between these tumors. Dis-
sociated sensory loss—preservation of
posterior column function with loss of
spinothalamic functions—is considered
characteristic of intramedullary lesions;
however, extramedullary tumors also have
been reported to cause this pattern.50,122

Extramedullary neoplasms may present
with an ascending sensory level and intra-
medullary growths may cause a sus-
pended sensory level most prominent at
the level of the tumor.156 This difference is
due to the lamination of the spinothalamic
tracts. Because the fibers conducting the
caudal dermatomes are most posterolat-
eral and those mediating rostral regions
are more anteromedial, extramedullary
compressive lesions tend to injure the
fibers representing the caudal loca-
tions initially. Conversely, intramedullary
growths tend to involve the more medial
fibers initially and later invade the more
laterally placed pathways. Thus, intra-
medullary tumors may appear to cause a
descending sensory loss.

The evolution of sensory loss does not
necessarily follow the classical patterns.
For example, an eccentric intramedullary
growth may give rise to an ascending sen-
sory level rather than a suspended sensory
loss. Exceptions to the ascending sensory
levels are frequently found with epidural
growths. Benign extramedullary tumors
in the region of the foramen magnum fre-
quently cause position sense loss more
marked in the upper extremity than in the
lower extremity ipsilateral to the tu-
mor.151,157 These examples of variability
are probably explained on the basis of the
tracts affected by ipsilateral and contralat-
eral injuries. In a clinicopathological study
of extramedullary spinal tumors, McAl-
hany and Netsky130 found that regions of
spinal ischemia and demyelination cannot
be predicted on the basis of the location of
the tumor in relationship to the cord.

Autonomic Disorders

Sphincter disturbances are considered un-
usual early manifestations of extramedul-



82 Diseases of the Spine and Spinal Cord

lary and intramedullary tumors unless the
conus or cauda equina is the site of in-
volvement.122,137,158 In one large series of
intramedullary tumors,147 only 3% of pa-
tients presented with sphincter distur-
bances as their first symptom. Of 130 pa-
tients with epidural tumor reported by
Gilbert and associates,31 none had sphinc-
ter disturbances as an initial complaint.
However, sphincter disturbances were
present in 57% of these cases by the time
patients were seen in neurological consul-
tation. Most authors report that sphincter
disturbance occurs after motor and sen-
sory disturbances are already mani-
fest136,147 unless the lesion is in the region
of the conus or cauda equina.122 Thus with
either intramedullary or extramedullary
mass lesions of the conus or mass lesions
compressing the cauda equina, sphincter
disturbances may be the initial manifesta-
tion.125,158

Other autonomic disorders generally do
not help distinguish between intramedul-
lary and extramedullary disorders, as they
are found in both instances. For example,
Homer's syndrome has been found in
both types of growths.122 The superior sul-
cus tumor as described by Pancoast is a
common cause of Horner's syndrome.22

Both primary tumors of the lung and me-
tastases to this region commonly cause a
combination of lower brachial plexopathy
and Horner's syndrome.121,159,160 In this
setting, the tumor can extend into the
epidural space by invading through the
intervertebral foramina; thus, the ra-
dionuclide bone scan and plain films
can be unremarkable.121 Disturbances of
sweating, cyanosis, and edema have been
reported in both intramedullary and ex-
tramedullary tumors and do not appear to
be helpful in discriminating between
them.122

AUTONOMIC DYSREFLEXIA

Autonomic dystreflexia is a paroxysmal
syndrome. It is a manifestation of an exag-
gerated and, to some degree, uncon-
trolled sympathetic nervous system re-
sponse to noxious stimuli. These stimuli
include, but by no means are limited to,

bladder distension and infection, urethral
instrumentation, defecation and rectal dis-
tention, or cutaneous stimulation and cu-
taneous sores or infections. Patients with
lesions in the cervical and upper thoracic
spine (T6 or above) may lack cerebral
(supraspinal) inhibitory control of the tho-
racolumbar sympathetic outflow. Sympa-
thetic overactivity of a reverberating na-
ture may ensue. This can result in
hyperhydrosis, increased cardiac output,
and an increase in peripheral vascular re-
sistance with hypertension and headache.
Reflex bradycardia as well as other vagal
manifestations may result (due to uninhib-
ited vagal tone). Dangerous levels of rapid
onset and persistent hypertension can oc-
cur. Intracranial hemorrhage may result,
even in young patients.

The management of autonomic dysre-
flexia should focus on the elimination of
the inciting stimulus and the manage-
ment of hypertension. Prophylactic cal-
cium channel blockers may be adminis-
tered to patients susceptible to autonomic
dysreflexia during high-risk situations,
such as childbirth or awake surgical proce-
dures. Patients who do not have plausible
explanation for an episode of autonomic
dysreflexia should undergo a urological
workup.161

Temporal Course

Intramedullary tumors cannot be differ-
entiated from extramedullary benign
growths such as meningiomas and nerve
sheath tumors, or from malignant
epidural tumors, on the basis of the time
course of symptoms and signs. While there
are differences in the average period of
time in which the clinical spinal syndrome
evolves, frequent individual exceptions
preclude definite conclusions. For exam-
ple, while most malignant epidural tumors
have a time course measured over days,
and may range to weeks or months, intra-
medullary growths as well as meningiomas
and nerve sheath tumors may have a simi-
lar acute or subacute presentation. Occa-
sionally, they may evolve over many years.

Spinal tumors of any location may pre-
sent with a remitting/relapsing course often
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mistaken for multiple sclerosis. Schliack
and Stille106 cite a neurinoma in a young
man that caused a progressive paraparesis
with sphincter involvement over a few
months and subsequently resolved to a
complete remission lasting four years,
at which time the symptoms recurred
rapidly to a near-complete transection of
the cord. The same authors cite several
other cases of meningiomas and intramed-
ullary tumors that presented with relaps-
ing and remitting courses over several
years. When a relapsing and remitting
clinical syndrome involves one location of
the nervous system, one should consider a
structural etiology as responsible. Al-
though the side of the clinical involvement
may vary during subsequent attacks owing
to the close anatomical relationship of the
tracts, when the same segmental level is
repeatedly involved, a mass lesion needs
to be considered.

UNUSUAL CLINICAL FEATURES
OF SPINAL TUMORS

Raised Intracranial Pressure
and Dementia

Rarely, spinal tumors present with symp-
toms and signs of intracranial dis-
ease.55,162-168 For example, headache and
papilledema secondary to raised intracra-
nial pressure has rarely been reported as a
presenting complaint. As of 1984, Mi-
chowiz and associates169 found 53 cases of
papilledema in association with spinal le-
sions. In each case, the papilledema re-
solved upon surgical removal of the spinal
lesion.

The majority of reported spinal tumors
causing increased intracranial pressure
papilledema have been ependymomas-
ependymoblastomas.122,170 However, ex-
tramedullary tumors have also been found
to cause papilledema.122,168,171 Most spinal
tumors causing increased intracranial
pressure have been in the lower spinal ca-
nal: Half of the cases reviewed by Schliack
and Stille106 occurred in the lumbar area.

Among the patients with elevated in-
tracranial pressure secondary to spinal

neoplasms, approximately 50% have asso-
ciated ventriculomegaly.163,172,173 Recently,
Feldman and colleagues163 reported a case
of hydrocephalic dementia secondary to a
benign lumbar schwannoma. Removal of
the schwannoma resulted in a rapid reso-
lution of the hydrocephalus and demen-
tia. These authors reviewed five other
cases174-176 in which a caudal intradural
tumor was associated with increased in-
tracranial pressure, ventriculomegaly, and
dementia. While over 50% of cases of pa-
pilledema due to spinal tumors are due
to ependymomas-ependymoblastomas,169

the spinal tumors in these six cases of de-
mentia were two cases of neurofibroma,
three of schwannoma, and one of oligo-
dendroglioma.

The pathophysiological mechanism of
elevated intracranial pressure secondary
to spinal tumors has not been adequately
explained. Although elevated CSF protein
content has been suggested as a cause of
impaired CSF resorption,177 experimen-
tally induced elevated CSF protein in
monkeys did not cause papilledema.178

Another explanation is that CSF normally
absorbed in the lumbar subarachnoid re-
gion cannot be absorbed in such cases, re-
sulting in increased intracranial pres-
sure.106 Intracranial basilar arachnoiditis
may be the cause in some cases.162

Cranial Nerve Disturbances and
Nystagmus

Surprisingly, lesions of the high cervical
spine seldom give rise to lower cranial
nerve symptoms and signs.50 In one re-
port of foramen magnum lesions,109 dis-
turbances of cranial nerves V (sensory
loss), XI, and XII; vertigo; and nystagmus
were only occasionally seen. After review-
ing their own experience and that of oth-
ers,179 the authors commented on the rela-
tive rarity of these complaints in patients
with foramen magnum tumors. They con-
cluded that when cranial nerve symptoms
did occur, they were overshadowed by the
symptoms of spinal cord compression un-
less the lesion was located primarily in the
posterior fossa.
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Sensory disturbances involving the
trigeminal distribution may occur in high
cervical lesions, including both intramed-
ullary and extramedullary tumors, since
the descending trigeminal tract extends as
far as the upper cervical spine.180 Al-
though high cervical intramedullary tu-
mors may cause sensory loss in the distri-
bution of the trigeminal nerve alone
before long tract signs develop, extramed-
ullary spinal growths produce long tract
signs before trigeminal sensory loss is
found.106

Nystagmus has been reported in several
cases of both intramedullary and extra-
medullary cervical spine tumors.50,106,109

The mechanism may be due to involve-
ment of the medial longitudinal fasciculus
in the cervical spine, extension of the
tumor into the posterior fossa, distant
vascular effects in the medulla, or other
reasons.106

Cranial nerve symptoms and signs and
elevated intracranial pressure also may oc-
cur in patients with spinal tumors when
the tumor has spread to the intracranial
space. This may occur due to a second pri-
mary tumor intracranially, as is often seen
in neurofibromatosis. Intracranial metas-
tases may occur from primary spinal tu-
mors or may develop independently in
cases where the spinal tumor is itself a me-
tastasis. Finally, cerebral and brain-stem
symptoms and signs may, of course, be
due to an independent, unrelated disease.

Subarachnoid Hemorrhage

Spontaneous spinal subarachnoid hemor-
rhage is responsible for less than 1% of
all cases of subarachnoid hemorrhage.181

Unlike intracranial causes, in which
aneurysm is the most important etiology,
spinal aneurysms are rare.181 Spinal arte-
riovenous malformations are the most
common cause of spinal subarachnoid
hemorrhage. Rarely, spinal tumors may be
responsible. According to one review,122

the neoplasm is usually found in the lower
spinal cord or cauda equina. The most
common histological tumor type appears
to be ependymoma. Other intramedul-
lary tumors may also be responsible, and

meningiomas and neurinomas have been
reported to cause spinal subarachnoid
hemorrhage. The same review122 fails to
cite any cases caused by epidural spinal tu-
mors, and we are unaware of any such
cases.

SUMMARY

Spinal cord dysfunction whether it be due
to compression, inflammation, trauma,
ischemia, or other cause presents with
clinical patterns that can be understood,
in most cases, based on a knowledge of the
anatomy and physiology of the spinal
cord. This chapter has reviewed those
clinical presentations that are most com-
monly encountered. The clinical presenta-
tions were generally separated on the ba-
sis of (1) the anatomical level of spinal
cord and/or root involvement and (2} the
spinal tracts involved (transverse plane).

The spinal cord is divided into 31 seg-
ments from the first cervical through first
coccygeal levels. Segmental (or root) dys-
function is determined on the basis of
motor, sensory, and/or reflex loss. Some
muscles have been described as "segment-
pointer" muscles, such as the triceps that
is innervated by C7 or the extensor hallu-
cis longus that is innervated by L5. The
distribution of pain referral, sensory dis-
turbance, or reflex loss is also helpful in
localizing the level of segmental dysfunc-
tion.

Localization of spinal cord disease in the
transverse plane is determined on the ba-
sis of white matter tract involvement (e.g.,
a "sensory level" may distinguish a spinal
cord lesion from peripheral neuropathy).
Furthermore, the secondary examination
in an intramedullary cord lesions may
spare the buttocks because the ascending
sponothalamic tracts are laminated with
the sacral dermatomes most peripher-
ally represented. This pattern of "sacral
sparing" has been associated with sy-
ringomyelia but may occur with other eti-
ologies such as intramedullary cord tu-
mors or cord injury following trauma.
Alternatively, a Brown-Sequard syndrome
is defined as a hemisection of the cord
with upper motor neuron (weakness) and
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posterior column (position and vibratory
sensation) dysfunction ipsilateral to the le-
sion and contralateral loss of spinothala-
mic tract (pin and temperature sensation)
below the lesion.

There are several characteristic clinical
syndromes that can be recognized. For ex-
ample, cervical spondylotic myelopathy
commonly presents with loss of segmental
function at the C5, C6, and C7 level and
myelopathic findings below the lesion. In
such a case where there is a C6 radicu-
lopathy and myelopathy below this level,
tapping the brachioradialis reflex (C6)
may cause the finger flexors to contract
but no brachioradialis response because of
the hyperreflexia below the C6 level. Fur-
thermore, the clinical presentation of "sci-
atica" with L5 or S1 radiculopathy can
usually be recognized based on the history
and clinical examination. Finally, special
consideration was given to etiologies such
as trauma and distinguishing intramedul-
lary from extramedullary lesions that
cause spinal cord and cauda equina dys-
function.
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Chapter 3

PAIN OF SPINAL ORIGIN

ANATOMIC BASIS OF BACK AND NECK
PAIN

CLASSIFICATION OF PAIN OF SPINAL
ORIGIN

Local Pain
Referred Pain
Radicular Pain
Pain due to Muscle Spasm and Strain
Chronic pain
Neurogenic Claudication
Spinal Instability and Neural Compression
CLINICAL ASSESSMENT OF THE

PATIENT
History
Physical Exam
Neurological Exam
Laboratory Studies
Imaging Studies
MANAGEMENT
Neck and Back Pain
Nerve Root Compression
Exercises

Back pain, neck pain, and referred pain
to the trunk and extremities are common
and often represent diagnostically chal-
lenging problems for the physician. In the
United States, low back pain is second
only to colds as the most common reason
for patients' visits to physicians1 and is re-
ported to occur at some time in the lives of
approximately 65% to 80% of individu-
als. 2-5 Back pain is reported to be the most
expensive chronic illness among persons
30-60 years of age in our society.4 The
number of individuals reportedly disabled

by low back pain grew at a rate 14
times that of the United States population
growth between 1971 and 1981.6

Despite its major importance, in many
cases the precise etiology and pathogene-
sis of this pain syndrome are uncertain.7,8

While some authors report disc disease
as a leading cause,4 others cite muscu-
loligamentous strain and degenerative os-
teoarthritis as the major culprits.9-11 For-
tunately, in the majority of such instances
of regional back pain (i.e., those not
caused by systemic illness), the pain is self-
limited and the individual is able to return
to normal activities in a few weeks with
only rest and analgesics.12,13

Among the great number of individuals
complaining of back and/or neck pain,
with or without pain referral elsewhere,
there are a few in whom it will be a mani-
festation of serious underlying disease.
Metastatic cancer to the spine is an exam-
ple of such a disease.14 For example, in a
series of 1975 outpatients with a chief
complaint of back pain, 13 (0.66%) proved
to have underlying cancer.15 Findings sig-
nificantly associated with cancer were:

1. Age > 50 years
2. Duration of pain greater than one

month
3. Prior history of cancer or other sys-

temic signs of underlying disease (e.g.,
weight loss, hematuria)

4. Lack of improvement with conserva-
tive therapy

5. Anemia
6. An elevated erythrocyte sedimenta-

tion rate

91
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Among patients with a history of malig-
nancy, back pain secondary to metastases
frequently occurs at some time during the
course of the disease. Vertebral metastases
develop in nearly one-third of patients
dying from cancer, and16 in approximately
5% of dying cancer patients, vertebral
metastases progress to cause epidural
spinal cord compression.17 In approxi-
mately 90% of this latter group, pain local-
ized to the spine or referred elsewhere is
the presenting manifestation of spinal
cord compression.18 It is important to de-
tect spinal cord compression from malig-
nancy when pain is the only symptom and
the patient is ambulatory, because the
prognosis for neurological function is far
better than in patients who have signs of
myelopathy at the time of diagnosis.

In addition to back pain arising from
pathology of the spine, pain may be re-
ferred to the back from other organs. For
example, back pain may be the first symp-
tom of life-threatening intra-abdominal or
intrathoracic diseases, such as dissecting
aortic aneurysm, neoplasm, pleural dis-
ease, and infection.

Given the broad range of causes of back
pain, radiological studies of the spine are
often ordered in the expectation that they
will identify the correct etiology. However,
as discussed later in this chapter, radiolog-
ical studies such as plain radiographs, CT
scanning, or magnetic resonance imaging
(MRI) performed in the evaluation of back
pain may reveal clinically irrelevant infor-
mation. A large number of asymptomatic
individuals harbor radiological evidence
of osteoarthritis and even herniated lum-
bar discs.19-21 In order to be considered
clinically significant, radiological findings
must be correlated with the patient's clini-
cal history and physical examination. If
this is not done properly, the correct diag-
nosis may be delayed or, worse, laminec-
tomy and diskectomy may be performed
on a patient with an asymptomatic her-
niated disc who has serious disease else-
where that is responsible for the pain.

Recognized in these terms, the diagnos-
tic challenge of back pain, and its fre-
quently associated referred pain, is daunt-
ing. This chapter summarizes the clinical
features that are most helpful in achieving

an accurate assessment of back, neck, re-
ferred, and radicular pain.

THE ANATOMICAL BASIS OF
BACK AND NECK PAIN

Knowledge of the innervation of the verte-
bral column and its associated supporting
structures is essential to understanding
pain of spinal origin. Many of the pain-
sensitive structures of the ventral segment
of the spine are innervated by the sinuver-
tebral nerve,22 whereas the facet joints of
the dorsal segment are innervated by the
dorsal ramus of the spinal nerve23 (Fig.
3-1).

The sinuvertebral nerve, occasionally
termed the recurrent meningeal nerve,
originates as a branch of the spinal nerve
just distal to the dorsal root ganglion. This
branch exits the root of the spinal nerve as
it passes through the intervertebral fora-
men. As this recurrent branch reflects
back toward the intervertebral foramen, it
is joined by an autonomic branch from a
nearby gray ramus communicans.24 These
two branches usually fuse to form the
sinuvertebral nerve, which reenters the
spinal canal through the rostral aspect of
the intervertebral foramen. Upon reentry
into the spinal canal, the sinuvertebral
nerve divides into multiple branches that
innervate the periosteum of the vertebral
body, posterior longitudinal ligament, the
dorsal aspect of annulus fibrosus, the ven-
tral aspect of dura mater, and blood ves-
sels.22,25,26

The segmental distribution of the sinu-
vertebral nerves is controversial. Early
studies27 suggested that the sinuvertebral
nerve courses only caudally and inner-
vates the posterior longitudinal ligament
for one or two segments below the level of
entry into the vertebral canal. However,
more recent investigations have failed
to confirm this28 and report that the
branches of the sinuvertebral nerve course
in a rostral direction for one segment and
a caudal direction for two segments.22,29,30

This results in considerable overlap of in-
nervation between adjacent segments and
may account for the fact that the section-
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Figure 3-1. The pain-sensitive
tissues of the functional unit of
the spine. The tissues labeled +
are pain-sensitive, containing
sensory nerve endings capable of
causing pain when irritated. Tis-
sues labeled —are devoid of sen-
sory innervation. (LF = ligamen-
tum flavum; PLL = posterior
longitudinal ligament; ALL =
anterior longitudinal ligament;
VB = vertebral body; IVD = an-
nulus fibrosus of intervertebral
disc; IVF = intervertebral fora-
men containing nerve root [NR];
FA = facet articular cartilage;
ISL = interspinous ligament.)
(From Cailliet, R,37 p. 26, with
permission.)

ing of a single nerve root does not result in
the loss of pain from a herniated disc.

The dura mater is innervated only on
its ventral surface by the sinuvertebral
nerve.29 The dorsal region of the dura
mater is sparsely innervated. This may ex-
plain why puncture of the dura mater
with a spinal needle is painless, although
the patient may feel a pop as the needle
passes through.

The nucleus pulposus and the inner lay-
ers of the annulus fibrosus are not inner-
vated and are not, therefore, considered
pain-sensitive. There has been debate
over the extent of innervation of the pe-
ripheral region of the annulus fibrosus.
Although early studies27 did not identify
nerve fibers, recent investigators,31 have
suggested the existence of innervation.
Many of these nerve fibers have free nerve
endings, which may mediate pain sensibil-
ity. Others, on the surface of the annulus,
have encapsulated endings that may con-
duct position sensibility.31 Despite this net-
work of innervation of the annulus fibro-

Experimental studies have demonstrated
that if the intradiscal pressure is increased
by injection of saline, normal subjects ex-

perience no pain. If the annulus fibrosus
is degenerated (fragmented), however,
pain may be experienced.36 These experi-
ments have been extended by anesthetiz-
ing the posterior longitudinal ligament in
subjects with a degenerated disc.37 In this
situation, the same procedure does not re-
sult in pain. This led to the conclusion that
the posterior longitudinal ligament is the
site responsible for mediating much of the
pain arising from herniated discs. Accord-
ing to this hypothesis, pain results from
the stimulation of free nerve endings
when a herniated disc dissects the poste-
rior longitudinal ligament away from the
annulus fibrosus and the vertebral body.

The ventral and lateral aspects of each
annulus fibrosus and the anterior longitu-
dinal ligament are not innervated by the
sinuvertebral nerve. These structures are
innervated by branches of the ventral ra-
mus of the spinal nerves and by autonomic
branches of the gray rami communicans
or of the sympathetic trunk.

The synovial (facet) joints of the dorsal
segment of the spine are innervated by
branches of the dorsal ramus of the spinal
nerve.23 As with the ventral segments,
there is considerable overlap in innerva-
tion by adjacent spinal roots. Each facet

s u s , 3 2 , 3 3  t h e r e  r e m a i n s  c o n t r o v e r s y  a s  t o
w h e t h e r  t h e  a n n u l u s  i s  p a i n - s e n s i t i v e . 3 4 , 3 5
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joint in the lumbar spine is innervated by
three segmental levels.38 Like synovial
joints elsewhere, the facet joints may be-
come inflamed, so conceivably they could
become a source of pain. In addition to
unmyelinated fibers with free nerve end-
ings that probably mediate pain, there are
myelinated fibers with complex encapsu-
lated nerve endings that appear to medi-
ate tension and position sensation within
the facet 34,39 These terminations are prob-
ably important in controlling posture and
movement.23

Innervation of the ligamentum flavum
and the interspinous ligament has been
reported by some authors23 but denied by
others.40 The source of innervation of the
ligamentum flavum is uncertain but is
thought to be the posterior ramus.22

In the cervical spine, the supraspinous lig-
ament expands between the spinous
processes of C2 and C7 to form the nuchal
ligament. Recent investigations have
shown that the nuchal ligament is inner-
vated. Proprioceptive impulses might be
conducted through some of these nerve
endings,41 which could be a mechanism of
controlling head and neck position and
movement.

In addition to spinal pain-sensitive
structures, a common source of pain is
spasm of the paravertebral muscles. This
pain may be local and be associated with
physical findings of spasm. It also may be
referred, as in cases of myofascial pain
syndromes.

CLASSIFICATION OF PAIN OF
SPINAL ORIGIN

Several characteristic forms of pain arise
from disease of the vertebral column and
its associated supporting structures, as
well as from diseases of the spinal cord and
the nerve roots. Pain can be classified as lo-
cal, referred, radicular, funicular, or sec-
ondary to muscle spasm (myofascial pain
syndromes) (Table 3-1). Each of these
forms of pain has a unique pathophysiol-
ogy and clinical significance. Furthermore,
distinguishing the form of pain is often
very helpful in determining its etiology.

Local Pain

Local back or neck pain is usually charac-
terized by a deep, boring, and aching
quality. Often this pain results from de-
generative joint disease and musculoskele-
tal strain that is exacerbated by mechani-
cal stresses on the weight-bearing spine.
Therefore, activities that increase the load
on the spine or are related to skeletal
movement often exacerbate the pain, and
bed rest usually alleviates it. When the
pattern of pain deviates from this, etiolo-
gies of pain other than the common mus-
culoskeletal causes should be considered.
For example, back pain referred from vis-
ceral structures may share the qualities of
deep, boring, aching pain, and yet this
type of pain is less likely to be exacerbated
by musculoskeletal movements. A gas-
trointestinal source of pain is likely to be
temporally related to dietary and bowel
habits rather than to musculoskeletal
movements.

As previously discussed, local back or
neck pain typically arises from irritation of
the innervated portions of the vertebral
column and its supporting structures.
Since only innervated tissues are pain-
sensitive, the cancellous region of the verte-
bral bodies may be invaded by tumor (as
often shown by CT or MR scan) in the ab-
sence of pain. When a neoplasm invades
the innervated cortical region of bone
and the periosteum, however, local pain
is experienced. Most cases of malignant
epidural spinal cord compression origi-
nate from metastases to the vertebrae. In
order for neural compression to occur, the
metastasis must first invade the cortex of
bone and periosteum, causing local pain
as the earliest symptom in the vast major-
ity of cases. Similarly, patients with osteo-
porosis experience pain when the cortex
of bone is fractured and the innervated
bone and periosteum are irritated.

Since degenerative joint disease (e.g.,
cervical and lumbar spondylosis) and her-
niated discs are so frequent, one of the
most common clinical problems in the pa-
tient with known cancer is that of distin-
guishing the local pain caused by such be-
nign disorders from local pain caused by
spine metastases. Some clinical features
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Table 3-1. Classification of Pain

1. LOCAL

Characteristics: deep, boring, and aching
Tenderness may be present
If exacerbated by lying down, strongly consider tumor

2. REFERRED

Characteristics: aching and diffuse
Pain arising from irritation of lumbar spine referred to flank, pelvis,
groin, and lower extremities but not generally below the knee
The location of this pain is not truly segmental and does not, therefore,
have localizing value
Areas of pain referral may be tender
Referred pain is aggravated and relieved in tandem with local pain

3. RADICULAR

Characteristics: sharp, stabbing pain superimposed on chronic ache in
the distribution of nerve root
Commonly radiates to the distal portion of the extremity when due to
cervical spondylosis at C5-7 or lumbar spondylosis at L4-S1; below
knee if from L4-S1
Has excellent localizing value
Tenderness and sensory disturbance along the root distribution are
common
Exacerbated by stretching or further compression of root (e.g., straight
leg raising, reversed straight leg raising, Valsalva maneuvers, hyperex-
tension of spine, neck flexion)

4. FUNICULAR

Characteristics: diffuse, poorly localized, burning sensation or abrupt
stabbing pain
Not radicular in distribution but rather involves unilateral or bilateral
limbs, trunk, or entire body
Triggered by movements of spine or incidental cutaneous sensation

5. PAIN SECONDARY TO MUSCLE SPASM

Usually associated with local pain
Physical findings of spasm present
Myofascial pain syndromes (see text)

help to differentiate between these etiolo-
gies. As shown, pain due to disc disease is
usually provoked by activity and alleviated
by bed rest, but when the cause of local
back pain is spinal tumor, the pain may be
exacerbated by the recumbent position
rather than relieved by it. This clinical
phenomenon was recognized in an early
study of intraspinal tumors: The pain
"awakens the patient . . . after he has re-

tired. It often becomes so severe as to
compel him to walk the floor or to sleep in
a sitting position."43

Patients with degenerative joint disease
often give a history of chronic pain exacer-
bated and alleviated by familiar maneu-
vers. For example, most forms of spondy-
losis occur in the lower cervical and lower
lumbar regions, resulting in local pain in
these areas together with radicular pain
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radiating to distal regions of the extremi-
ties. In contrast, the thoracic spine is an
infrequent location for spondylosis and
disc disease but is a frequent region of
spine metastases. Therefore, one should
be especially wary of attributing symptoms
and signs to spondylosis or degenerative
disc disease in the thoracic spine.

Another important clinical clue is the
chronicity and familiarity of the com-
plaint. When patients with cancer develop
a new and different form of pain, metasta-
sis must be considered a likely cause. For
example, among cancer patients, Foley44

found that direct tumor invasion was re-
sponsible for 78% of pain problems in an
inpatient population and 62% in an outpa-
tient group. Although some complained of
referred and radicular pain, many experi-
enced local pain due to bone or viscus in-
vasion. Thus, in the cancer patient, a new
pain syndrome in the back, neck, or else-
where is frequently due to direct tumor
invasion and the workup should be so di-
rected.

CASE ILLUSTRATION

A 30-year-old former drug abuser with a his-
tory of colon cancer treated by abdominoper-
ineal resection presented with progressive but-
tock and pelvic pain. The pain did not radiate
elsewhere and the Valsalva maneuver did not
exacerbate it. Physical examination demon-
strated no evidence for recurrent cancer, and
the neurological examination was normal with
no mechanical signs of spine disease. Labora-
tory studies were remarkable for a rising carci-
noembryonic antigen (CEA), and CT scan of
the abdomen and pelvis demonstrated irregu-
larity of the posterior pelvic wall and probable
postoperative scarring; however, no definite
tumor was visualized. As no definite cause for
the pain could be established, no specific ther-
apy was rendered.

The patient returned three weeks later with
severe pain in the same location that had devel-
oped into burning pain exacerbated by sitting.
Physical examination demonstrated an en-
larged liver and tenderness of the sciatic notch
on the left. A repeat CEA was higher than the
earlier assays. A repeat CT scan of the abdo-

men and pelvis demonstrated metastatic can-
cer in the liver and an enlarging pelvic mass in
the region that had earlier been considered to
be scar formation. The patient underwent ra-
diation therapy and chemotherapy but the
pain persisted unabated until he died of
metastatic disease.

Comment. This case illustrates the impor-
tance of close and continued follow-up of pa-
tients with pain and known malignancy. Pa-
tients with malignancy who develop a new pain
syndrome should be evaluated for recurrence
of disease; if the workup proves negative and
the symptoms persist, the evaluation should be
repeated.

Referred Pain

Pain that arises from the spine may be
projected elsewhere in a radicular or non-
radicular pattern. Although both are
forms of referred pain, "referred pain" in
this chapter is used to denote nonradicu-
lar projected pain arising from the spine
or other tissue, Myofascial pain syndromes
are an example pain that may be difficult
to differentiate from pain referred from
the spine. As discussed in Chapter 2, these
types of pain can be distinguished because
radicular pain has localizing value, and re-
ferred pain usually does not. Interpreting
referred pain as radicular may be mislead-
ing. Also, referred and radicular pain can
coexist.45 In one series of 1293 patients
seen in a low back pain clinic over a 12-
year period, referred pain was nearly
twice as common as radicular pain; in
some cases the two forms of pain coex-
isted.45

As reported in Chapter 2, when re-
ferred pain from the spine was studied ex-
perimentally by injecting hypertonic sa-
line into facet joints of L1-2 and L4-5,28

cramping, aching referred pain radiated
into the flank, groin, buttocks, and thigh.
Despite two noncontiguous levels of saline
injection, the areas of pain referral over-
lapped significantly, and the pain did not
radiate below the knee in either case. Al-
though there may be paresthesias and ten-
derness in an area of pain referral, no ob-
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jective neurological abnormalities were
found. Maneuvers that exacerbate and al-
leviate local pain generally have the same
effect on the associated referred pain.

In a study designed to identify the char-
acteristics of back and leg pain arising
from facet disease, local anesthetic was in-
jected into the most tender facet joint in a
group of patients with acute low back pain
with or without associated leg pain.46 If
pain was relieved by this injection, pa-
tients were termed responders and the
pain was considered to be secondary to
facet disease. Responders had pain that of-
ten was exacerbated by sitting, and by
flexion and extension of the lumbar spine,
and sometimes was relieved by walking.
Pain in the back and lower leg rarely re-
sponded to facet injection, whereas back
pain associated with thigh pain often did
respond. This result confirms the report46

that spinal referred pain infrequently ra-
diates below the knee. Although straight-
leg raising often caused back pain in re-
sponders, by and large it did not cause
referred leg pain. Straight-leg raising typi-
cally exacerbates radicular pain arising
from the lower lumbar spine.

Somewhat different results were ob-
tained by others in a similar series of in-
vestigations. Mooney and Robertson47

studied the effect of saline and anesthetic
injections of the lower lumbar facet joints
in two groups of subjects, one without a
history of back pain and sciatica and an-
other with such symptoms. They injected
facet joints at the L3-4, L4-5, or L5-S1
level with hypertonic saline and recorded
the pattern of pain. The distribution of re-
ferred pain was similar for the L4-5 and
L5-S1 levels and was located in the low
back, greater trochanter, and posterior
thigh and calf. The pain from the L3-4
facet injection usually produced pain in a
more lateral distribution (Fig. 3-2). The
pattern of pain referral was often that of
sciatica. These authors then injected a lo-
cal anesthetic into the facet joint and
found that the referred pain resolved.
Furthermore, in a group of patients suf-
fering from the facet syndrome, this anes-
thetic injection normalized their previous
positive straight-leg-raising test; in three

NORMAL ABNORMAL
Figure 3-2. Pain referral patterns following lumbar
injection in normal and symptomatic (abnormal)
subjects. The investigators concluded that the pat-
tern of pain referral from irritation of lumbar facet
joints is similar to that seen in sciatica. (From
Mooney, V and Robertson, J,47 p. 152, with permis-
sion.)

patients, a depressed deep tendon reflex
returned to normal. The authors specu-
lated that the painful stimuli arising from
the facet joint might inhibit the anterior
horn cells innervating the reflex.

In summary, referred pain is usually
poorly localized, deep, and ill-defined
with respect to the distribution of a sclero-
tome. When arising from the low back, it
can radiate into the buttock, thigh, and oc-
casionally the calf in the same distribution
as L5 or S1 radicular pain. Unlike radicu-
lar pain, however, the foot is usually not
involved. Subjective motor weakness may
occur, but objective weakness or atrophy is
rare. Sensory loss is atypical. Deep tendon
reflex abnormalities have been rarely re-
ported. Tension signs, such as straight-leg
raising, may cause an increase in low back
pain or reveal tight hamstrings.45 Re-
ferred pain into the lower extremity is of-
ten due to lumbar spondylosis; referred
pain into the neck and upper extremity is
frequently seen in cervical spondylosis
(see Chapter 4).
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Radicular Pain

DERMATOMAL PAIN

Radicular pain, which arises from irrita-
tion of the dorsal roots, is projected in the
dermatomal distribution of the specific
root involved. Unlike referred pain, it can
have exquisite localizing value. Radicular
pain is frequently sharp, stabbing, shoot-
ing, and superimposed on a chronic ache.
The pain is generally aggravated by activi-
ties that increase compression of the nerve
or that further stretch the root, such as
coughing, sneezing, straining, straight-leg
raising, external rotation and extension of
the arm,48 and hyperextension of the spine.

Since radicular pain usually radiates in
the distribution of the injured nerve root,
accurate localization of the site of pathol-
ogy depends upon knowledge of the der-
matomal map. (Exceptions to this radicu-
lar pain pattern may be due to ventral
root injury, discussed below.) Unlike the
case in patients with referred pain, neuro-
logical abnormalities referable to the root
involved may also be found, in patients
with dermatomal pain, including reflex
loss, sensory disturbance, and/or motor
abnormalities (discussed in Chapter 2).
One of the most common causes of radicu-
lar pain is spondylosis and disc disease.
Since cervical and lumbar spondylosis and
disc disease typically involve nerve roots
C6, C7 and L5, S1, respectively, radicular
pain often is referred to the dermatomal
distribution of roots in distal parts of the
extremities.

MYOTOMAL PAIN

Another form of radicular pain is thought
to arise from ventral spinal root irri-
tation.49 This pain has been described as
deep, aching, diffuse, and dull in charac-
ter and thus may be difficult to differenti-
ate from visceral pain. It typically is re-
ferred to the myotome of the ventral root
involved.

An example of this form of pain is angi-
noid pain arising from the cervical spine.
Compression of the lower cervical spinal
roots has been recognized as causing pre-
cordial pain that can simulate angina.50,51

In a large series reported from a cardio-
vascular referral center,50 many patients
had been carried with a diagnosis of car-
diac ischemia for several years before the
cervical spine was discovered as the source
of pain and the condition was corrected by
surgery. "Cervical angina" may be very
difficult to differentiate from pain due to
coronary artery insufficiency. At times, the
two can coexist.

Pain in patients with cervical angina
may arise from compression of the ventral
nerve roots of C6, C7, and C8 because
these roots innervate the chest wall mus-
cles50 (Fig. 3-3). This pain is, therefore, re-
ferred to the myotome rather than the
dermatome of the involved nerve root.
Pain of similar character may be projected
to other sites (such as the leg) when ven-
tral nerve roots at other levels are irri-
tated. The fact that cervical spondylosis
usually involves the dorsal roots and dor-
sal root ganglia more severely than the
ventral roots50 might explain the much
greater frequency of dermatomal radicu-

Figure 3-3. The distribution of (left) ventral (my-
otomal) and right dorsal (dermatomal) cervical root
innervation. (From Booth, RE and Rothman, RH,50

with permission.)
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lar pain to the upper extremity from the
dorsal root, as compared to the myotomal
pattern of radicular pain in cervical
spondylosis.

Myotomal pain referral may, of course,
be due to causes other than spondylosis,
such as malignancy or infection. The char-
acter of the myotomal type of pain may
also be similar to referred pain from the
spine. As in the case of dermatomal radic-
ular pain, one often will find neurological
signs of root dysfunction such as reflex,
motor, or sensory disturbance50 in the set-
ting of ventral root pain.

Funicular Pain

In its complete form, funicular pain is
characterized by a poorly localized, dif-
fuse, burning pain syndrome with super-
imposed sharp, jabbing sensations.52 It
may be present in one or more extremities
or the trunk, in a unilateral or bilateral
distribution. It appears to arise from irri-
tation or compression of the spinothal-
amic tracts or posterior columns and
has been induced experimentally.52,53 It is
often provoked by incidental cutaneous
stimulation or by movements of the spine
such as neck flexion, straight leg raising,
and the Valsalva maneuver—movements
that cause mechanical deformation of the
involved ascending tracts.

When caused by neoplasms, funicu-
lar pain appears to result more often
from intramedullary than extramedullary
tumors. Funicular pain was found in
more than 50% of a series of patients
with intramedullary tumors,54 but in less
than 5% of cases with extramedullary tu-
mors.55

Another form of funicular sensation is
electric-like paresthesias that radiate down
the back and into the legs on neck flexion,
known as Lhermitte's sign.56 This symp-
tom probably reflects the increased
mechanosensitivity of damaged axons.57

Similar sensations can be produced exper-
imentally in man by stimulating the poste-
rior funiculus.52 Lhermitte's sign occurs in
patients with demyelinating disease but
may also be due to spinal cord compres-
sion from cervical spondylosis58 or neo-

plasms of the cervical or thoracic spine as
well as other causes.59-63

Pain Due to Muscle Spasm
and Strain

A muscle strain or sprain results in a pain-
ful, tender muscle. The onset is usually
acute. However, occasionally, the time of
onset may be obscure. This type of pain
may, indeed, be a component of the my-
ofascial pain syndrome. It is usually as-
sociated with tender, sore paraspinous
muscles.

Muscle spasm is a common response to
irritation of nerves and other tissues. As
mentioned earlier, injured axons are sen-
sitive to mechanical stimulation. Paraver-
tebral muscle spasm, which is seen in
patients with spinal disorders and is re-
flexive in nature, guards against further
mechanical irritation of the damaged tis-
sues. When chronic, such spasm often re-
sults in a pain syndrome of its own.

The pain that arises from such spasm is
of two types: The first is the well-recog-
nized form of local pain that is cramping
and aching in nature. Physical examina-
tion usually reveals evidence of muscle
spasm. The second type of pain, termed
myofascial pain syndrome, is both local
and referred in nature.11,64,65 Myofascial
pain syndromes may not be recognized as
easily as pain from local spasm because the
referred pain is usually the chief com-
plaint and is often not associated with
spasm, or other abnormal findings at the
site of referred pain.

Referred myofascial pain is caused by
the stimulation of trigger points, which have
been described as "self-sustaining hyperir-
ritable foci located in skeletal muscle or its
associated fascia."11 Although the location
of the projected pain does not follow a
root or peripheral nerve distribution,
there are several distinctive myofascial
pain syndromes that may be differentiated
based upon the location of the trigger
point or its associated pain.

Other physical findings in patients with
myofascial pain syndromes include a de-
creased range of motion and decreased
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apparent strength of the involved muscle
group. Shortened tight bands of muscle
fibers may give the muscle a ropey or
nodular texture. Although the trigger
point is typically not the site of reported
pain, it is often the site of marked soft-tissue
tenderness. Muscle strain and structural
abnormalities such as unequal leg lengths
are conditions that may initiate or perpet-
uate myofascial pain syndromes.

Because myofascial pain syndromes
cause referred pain and are associated
with subjective weakness,11,45 they fall
within the differential diagnosis of diseases
of the spine or peripheral nervous system.
As there are no specific laboratory tests to
confirm myofacial pain syndromes the di-
agnosis is a clinical one. Extreme care and
close follow-up should be exercised, how-
ever, because the early pain of spinal cord
neoplasm or other serious pathology is of-
ten initially attributed to muscle strain.

The quadratus lumborum is the most
common muscle to cause low-back myofas-
cial pain.11 When the trigger points of this
muscle are stimulated, pain is referred
downward toward the iliac crest, buttocks,
and greater trochanter, and occasionally
to the lower abdomen and groin. As in
other cases of referred pain, the region of
referred pain may be tender, resulting in
the incorrect clinical impression that the
pain is due to local pathology at the site of
pain referral.

The gluteal muscles may also be a source
of pain in the buttock and posterolateral
thigh and calf, and this may be difficult to
differentiate from nerve root compression
or sciatica. The distinction can be made by
identifying the tender spot or trigger
point on the muscle and reproducing the
patient's chief complaint by applying pres-
sure on that spot.

Chronic Pain

Chronic pain is used here as a "catchall"
for pain that is persistent (greater than
three months in duration) and usually ax-
ial (midline) in nature. It is multifactorial
but can be broken down into several com-
ponents: (7) psychogenic, (2) functional,
and (3) mechanical.

Psychogenic pain is usually related to de-
pression. Back pain is a common complaint
of depressed patients. Endogenous unipo-
lar depression, which is often associated
with back pain, is by definition unipolar
(no manic phase). It is also associated with
weight loss or weight gain, and with multi-
ple unrelated somatic complaints (among
them, neck and back pain).42

Etiologies of functional back pain com-
plaints, or back pain complaint amplifi-
cation, include secondary gain and ma-
lingering. These are manifestations of
entities that are not structurally founded
and that are not treatable by surgery. Non-
operative management schemes are most
certainly appropriate in this subgroup of
patients.

Mechanical back pain is pain that is as-
sociated with a dysfunctional motion seg-
ment. In this case, the dysfunctional mo-
tion segment (e.g., a degenerated disc,
hypermobile motion segment) is a pain
generator. The pain associated with this
dysfunctional motion segment is deep and
agonizing. It is not primarily associated
with muscle tenderness (unless muscle
spasm is an associated epiphenomenon)
and is worsened by activity (loading) and
lessened by rest (unloading).

Mechanical back pain, neural or dural
impingement, and acute spinal instability
are the only back pain types that may re-
spond to surgical stabilization. Of these,
mechanical back pain is clearly the most
controversial; treatment paradigms vary
considerably from physician to physician
and region to region.42

Piriform Syndrome
Since a portion of the sciatic nerve often
passes through or is extremely close to the
piriform muscle,68 the nerve may become
compressed and irritated when the muscle
is in spasm. The result is referred pain in a
truly sciatic distribution and is called the
piriform syndrome.66 The etiology of the
piriform syndrome is uncertain in most
cases.37,67

Sciatica may also be secondary to the
piriform syndrome. The pain may be
poorly localized but often involves the hip,
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buttock, and groin and radiates down the
posterolateral leg in a sciatic distribu-
tion.67 In one large series, women were
more frequently affected than men by a
ratio of six to one, and they often com-
plained of dyspareunia.67

The physical examination reveals nor-
mal mobility of the lumbar spine.37

Straight-leg raising may be restricted, es-
pecially when the leg is simultaneously in-
ternally rotated, as this places the piriform
muscle under tension.37 Because the piri-
form muscle is an abductor and external
rotator of the thigh, pain and weakness
may be elicited when forced abduction
and external rotation of the thigh are
tested in a seated position.67,69 The rectal
examination, along with a pelvic examina-
tion in the woman, is very important in
the diagnosis. Tenderness of the lateral
pelvic wall is often found, and this repro-
duces the patient's pain.67 The sciatic
notch may also be tender.70

No diagnostic laboratory tests assist with
this diagnosis. The differential diagnosis
includes other causes of low back, pelvic,
hip, and leg pain. Unlike cases of spondy-
losis and radiculopathy, no neurological
deficit is found in patients with the piri-
form syndrome despite the fact that the
sciatic nerve may be irritated. Tenderness
of the lateral pelvic wall, pain and weak-
ness of resisted hip abduction and exter-
nal rotation, and pain on internal rotation
of the hip are clinical clues suggestive of
the piriform syndrome.67

Neurogenic Claudication

Another cause of focal back and projected
leg pain that does not have the typical fea-
tures of a monoradiculopathy has been
termed neurogenic claudication. This
"specific" clinical syndrome is usually sec-
ondary to a narrowed lumbar spinal canal
and is often due to lumbar spondylosis,
with or without associated congenital
spinal stenosis.71,72 The major clinical fea-
tures are pain, weakness, and numbness.73

The clinical manifestations and laboratory
studies found in spinal stenosis and neu-
rogenic claudication are reviewed in the
next chapter.

Spinal Instability

Two pain syndromes deserve special men-
tion because of their clinical significance
and risk of neurologic morbidity: pain
arising from spinal instability and neural
or dural sac compression.

Acute instability is associated with struc-
tural failure of the spine. It is a graded
phenomenon. It can be separated into two
subtypes: (7) overt and (2) limited. Overt
instability is associated with a grossly un-
stable spine, such as a fracture or disloca-
tion. In a patient with overt instability, an
accompanying distortion of periosteum is
common. It is associated with a circumfer-
ential disruption of bony and soft tissue el-
ements (including the disc interspace).
This, in turn, is associated with the stimu-
lation of nociceptive nerve endings and
the perception of pain.

Limited instability is similar in nature,
but less extensive. Circumferential insta-
bility is not present. Usually, there is only
ventral, or less commonly, dorsal spinal in-
volvement. Nevertheless, distortion of the
periosteum results in the perception of
pain. This type of pain is aggravated by
movement of the involved injured spinal
segment(s). In addition, the pain is elicited
by percussion over the injured segment(s).42

Neural or dural sac compression is asso-
ciated with classical axial and radicular
pain syndromes. Spinal cord compres-
sion may result in sharp lancinating axial
or appendicular pain (Lhermitte's sign).
Dural sac compression may result in a
dull, aching pain that is usually midline
and nonradiating (axial). Nerve root com-
pression or distortion results in the sensa-
tion of pain in the distribution of the
nerve's dermatomal distribution pattern.
Sciatica is an example.42

CLINICAL ASSESSMENT OF
THE PATIENT

This section discusses the more frequent
clinical features of neck, back, and re-
ferred pain identified during the history
and physical examination that may help
distinguish among the various etiologies
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(Table 3-2). These are general clinical fea-
tures. Specific aspects of the history and
physical examination may be misleading
in the assessment of any individual pa-
tient. The clinical features should only be

Table 3-2. Some Frequent
Causes of Spinal Pain*

TRAUMATIC OR MECHANICAL

Musculoligamentous strain
Myofacial pain syndrome
Herniated intervertebral disc
Spondylosis (osteoarthritis: usually lower cer-

vical or lumbar)
Spinal stenosis
Vertebral fracture
Postoperative

METABOLIC

Osteopenia with vertebral collapse
Gout, Paget's disease, diabetic neuropathy

CONGENITAL

Spondylolysis/spondylolisthesis

NEOPLASMS (PRIMARY AND METASTATIC,
MALIGNANT AND BENIGN)

Epidural
Extramedullary-intradural
Intramedullary
Leptomeningeal metastases

INFLAMMATORY DISEASES

Ankylosing spondylitis, rheumatoid arthritis
Arachnoiditis

INFECTIONS

Discitis, osteomyelitis, paraspinal and spinal
abscess, zoster, meningitis

REFERRED PAIN

Visceral (e.g., neoplastic and inflammatory)
and vascular lesions of chest, abdomen, and
pelvis

Retroperitoneal lesions

PREGNANCY

NONORGANIC CAUSES

Psychiatric causes
Malingering
Substance abuse

*Adapted from Howell, DS,149 p. 1955.

considered as a guide. Laboratory and
imaging studies often must be used to con-
firm a clinical impression or reveal an un-
expected diagnosis.

History

The medical history is often the most im-
portant component of the evaluation of
back or neck pain. The most important
historical features to record are the loca-
tion, character, onset, duration, and ag-
gravating and palliating features of the
pain. These features help establish the
pain's source and mechanism. The cir-
cumstances at or prior to the onset of pain
may be helpful in establishing cause. The
patient should be asked about a history of
trauma and the occurrence of a similar
pain in the past. A list of medications used
for pain or other conditions should also be
obtained.

Patients should be asked to describe the
pain, initially in their own words. If the
description provided by the patient is in-
adequate to help discriminate among the
myriad etiologies, the physician should
specifically ask about different clinical
manifestations. Dull, aching pain has an
entirely different significance than shoot-
ing or burning pain. Aching or boring
pain usually arises from locally irritated
tissues, but burning pain is most sugges-
tive of neural injury. Sharp, stabbing pains
are often observed in association with
radiculopathies. Dysesthesias, and pain
elicited by tactile stimulation of the skin,
also implicate a neural cause.

In evaluating patients, the correct local-
ization of pain is critical. Many patients
identify the location of pain referral and
consider it to be the site of pathology. For
example, a patient may believe that he/she
has a hip or knee problem and become
surprised or annoyed when the physician
seems more concerned with their lumbar
spine. Rather than using anatomical terms
that may prejudice the evaluation, it is
preferable to ask the patient to point to
the location and extent of pain. A pain dia-
gram drawn by the patient may be helpful.

Most mechanical causes of pain are
never elucidated but instead are attrib-
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uted to muscle strain or unusual activity
despite the fact that there may be no iden-
tifiable precipitating event. As mentioned
earlier, pain due to muscle strain is usually
dull and aching. It is typically exacerbated
by activity and minimized by rest and mild
analgesics. Individuals often awaken the
morning after strenuous activity with stiff-
ness of the neck or back accompanied by
pain. When the pain has been recurrent
over many years and is familiar to the pa-
tient, he/she does not usually seek medical
attention. They frequently present to the
physician when the pain is more severe
than usual or when it is not identical to
their previous complaint. In such cases, it
is important to determine whether the
other characteristics of their pain (loca-
tion, type, and provocative and palliating
features) are similar to those of the pain
they have had in the past. As mentioned
above, when the pain is exacerbated by
bed rest, one should consider neoplasm or
other more serious causes.

When the pain projects from the spine
to other regions, associated symptoms and
physical findings may help discriminate
between referred and radicular pain. The
patient should be queried regarding asso-

ciated sensory loss, weakness, or sphincter
disturbances. When the pain is associated
with these abnormalities, a radicular com-
ponent should be considered. When the
patient reports that the pain is exacer-
bated by coughing, sneezing, or the Val-
salva maneuver, it often signifies structural
disease of the spine because the epidural
venous plexus, a collateral site of blood
flow from intrathoracic and intra-abdomi-
nal locations, becomes engorged. This fur-
ther compromises the spinal canal.74

Pain secondary to cervical and lumbar
spondylosis and intervertebral disc disease
is common. In the cervical region, the
lower cervical spine is most often affected.
In such cases, the patient usually com-
plains of a stiff neck and pain radiating
into the shoulder and arm. The C5-6
and/or C6-7 levels are usually involved.
Dorsolateral disc herniation causes com-
pression of the nerve root (Fig. 3-4). In
one series, the C7 nerve root was com-
pressed in 69% of cases and the C6 root in
19%.75 When the C6 nerve root is in-
volved, pain and sensory loss typically ra-
diate along the radial border of the fore-
arm and hand and into the thumb. When
the C7 nerve root is compressed, the sen-

A B
Figure 3-4. (A) Lateral cervical disc herniation causing nerve root compression. (B) Central cervical disc herni-
ation casuing spinal cord and nerve root compression. (From Adams, RD and Victor, M,146 with permission and
adapted from Kristoff, FV and Odom, GL.147)
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sory disturbance is more medial and tends
to involve the middle finger.

In the case of lumbar spondylosis and
disc disease, the levels most commonly in-
volved are L4-5 and L5-S1. In a study of
single prolapsed lumbar intervertebral
discs, the L4-5 and L5-S1 levels were in-
volved in 97% of cases.76 Among all lum-
bar levels, L4-5 and L5-S1 were the levels
of symptomatic spondylosis causing sin-
gle-level radiculopathy in 98% of cases.76

Thinning of the posterior longitudinal lig-
ament laterally along the dorsal surface of
the vertebral bodies and the intervertebral
discs makes dorsolateral herniation of the
nucleus pulposus most common. In con-
trast to cervical roots, each lumbar nerve
root exits above the corresponding inter-
vertebral disc, so herniation of the disc
most frequently compresses the exiting
root just caudal to the level of disc hernia-
tion (Fig. 3-5). Consequently, with lumbar
disc disease, a unilateral L5 or S1 radicu-
lopathy most commonly arises from a disc
herniation at L4-5 or L5-S1, respectively.

Patients with disc disease usually com-
plain of pain in the low back and pain ra-
diating in a sciatic distribution. When pain

radiates down the dorsolateral aspect of
the leg, the L5 nerve root is typically com-
pressed, and pain radiates from the dorsal
thigh and calf to the medial aspect of the
foot. When the S1 nerve root is com-
pressed, the pain usually radiates down
the dorsolateral thigh and calf to the lat-
eral aspect of the foot. As expected, such
radicular pain is often provoked by cough-
ing, sneezing, and Valsalva maneuvers.

Spondylolisthesis (subluxation of one
vertebral body on another) in the lower
lumbar region may be asymptomatic, but
it may also clinically present with low back
pain and pain radiating into the lower ex-
tremities. In some cases, spondylolisthesis
is secondary to spondylolysis, a bony de-
fect in the pars interarticularis (isthmic
spondylolisthesis); however, it may also be
classified as degenerative, traumatic, or
pathologic. With ventral subluxation of
one vertebral body on another, palpation
of the spinous processes may reveal a
"step." Since isthmic spondylolisthesis
most commonly occurs at the L5-S1 level
(less commonly at L4-L5), pain in the sci-
atic distribution and neurologic impair-
ments referable to the compressed nerve

Figure 3-5. The mechanism of
lateral disc herniation at L4-5
and L5-S1 causing L5 and S1
nerve root compression, respec-
tively. A more medially placed
disc protrusion may cause cauda
equina compression. (From
Adams, RD and Victor, M,146 with
permission.)
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roots are commonly observed. They must
be differentiated from sciatica secondary
to herniated disc disease, spondylosis, and
other causes. Spondylolisthesis may also
cause spinal stenosis.

Spinal stenosis often occurs in conjunc-
tion with degenerative Spondylolisthesis,
in which there is an intact pars interarticu-
laris. This is most common at the L4-5
segmental level. These "slips" rarely pro-
gress beyond 25% of the width of the ver-
tebral body, whereas an L5-S1 isthmic
Spondylolisthesis commonly progresses
beyond this extent.

In obtaining a pain history, it is impera-
tive to review a patient's past medical his-
tory. A history of malignancy suggests the
possibility of metastasis, even if the cancer
has been considered cured for many
years. A history of fever, chills, or recent
infection should suggest the possibility of
discitis and/or epidural abscess. Diabetics
and patients with AIDS seem especially
prone to such infections. In the young
adult, an insidious onset and progression
of stiffness and pain that are exacerbated
by rest suggest a spondyloarthropathy
such as ankylosing spondylitis. A family
history of back pain early in life may also
suggest the possibility of one of the
spondyloarthropathies. Pain in the back,
buttocks, and legs that is exacerbated by
walking and relieved by lying down, sit-
ting, or bending forward might implicate
lumbar spinal stenosis.

It is important with regard to the diag-
nosis of back pain to consider visceral dis-
ease. This entity may project pain to the
spine. The patient should be queried re-
garding a change in bowel habits, hema-
turia, pyuria, fever, and, in women, vagi-
nal bleeding or discharge, because such
pathologies may result in pain referred to
the back. For example, back pain and ten-
derness in the costovertebral angle have
been shown to be important findings in
nearly one-third of women with urinary
tract infections.77 In addition, low back
pain is present in 56% of women during
pregnancy.78 In 45% of such cases, the
pain radiated into the lower extremities.
Finally, intrathoracic pathology may also
result in upper back pain via compression

of paravertebral structures or via referred
pain from visceral disease (see Chapter 2).

Physical Examination

To search for an undiagnosed systemic ill-
ness, the patient should undergo a thor-
ough general physical examination. The
abdominal examination may reveal evi-
dence of an abdominal aortic aneurysm or
other mass that may be the cause of back
pain. A rectal examination, including stool
guaiac test, should be performed to screen
for cases of gastrointestinal cancer, ulcer
disease, or other sources of bleeding that
may relate to back pain. In women com-
plaining of low back pain, a thorough
pelvic examination is important because
pathology of pelvic viscera is a common
cause of such pain. The vascular examina-
tion should include palpation of periph-
eral pulses because back and lower-
extremity pain may be due to vascular
insufficiency.

The examination is then directed to the
musculoskeletal system, including evalua-
tion of posture and mobility. During this
portion of the examination, the physician
may be able to elucidate a mechanism pro-
voking the pain. The posture and sponta-
neous movements of the patient are often
best assessed prior to the initiation of a
formal physical examination. At this time,
one can often identify a limitation of neck
or back movement (or normal mobility)
due to pain and muscle spasm when the
patient is unaware that he or she is being
examined. If these findings are at variance
with those found during the formal physi-
cal examination, they must be reconciled.

The formal physical examination of the
musculoskeletal system begins by the ex-
amination of the patient in the standing
position. In the presence of a herniated
lumbar disc causing sciatica, the patient
may maintain the affected leg in a flexed
position at the hip, knee, and ankle, pre-
venting the heel from reaching the
ground. Such a leg posture releases the
traction on the sciatic nerve root(s) that
occurs when the leg is extended, as is
demonstrated with the straight-leg-raising
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test. The spine tends to list to the side that
places the least traction on the nerve root,
resulting in a functional scoliosis. When
the disc is lateral to the nerve root, the list
is usually directed away from the side of
herniation. When the disc is medial to the
nerve root, the list is toward the side of
herniation.79 Although these findings are
commonly observed in patients with lum-
bar disc disease, they are not specific for
this etiology. They may also be found in
patients with metastatic disease or other
structural abnormalities of the spine.

Palpation of the entire spine and par-
avertebral structures is performed. Pain
that can be elicited by palpation or percus-
sion of the spine suggests structural disease
at that site. In the cancer patient, it strongly
suggests the possibility of metastasis. How-
ever, the absence of spine tenderness does
not rule out the existence of spine metasta-
sis. In one study, only 13 of 20 (65%) pa-
tients with epidural metastases had percus-
sion tenderness at the time of diagnosis.80

The examination is then directed to
identifying those positions or movements
that provoke pain. This helps elucidate
the mechanism, and often the source, of
pain. As already mentioned, the move-
ment of inflamed or irritated tissues gen-
erally causes pain. Even passive move-
ments are prevented by muscle spasm and
splinting. In patients complaining of neck
or back pain, a gentle attempt to flex, ex-
tend, and rotate the neck should be made
to determine if the pain arises from these
structures. Passive extension of the cervi-
cal spine is especially helpful in evaluating
patients with neck pain. Because cervi-
cal extension narrows the intervertebral
foramina, patients with cervical radicu-
lopathy due to foraminal compromise
commonly complain of pain with cervical
spine extension. If slow and gentle move-
ment of the spine is associated with severe
pain in the neck, one should consider the
possibility of major structural pathology of
the spine, such as fracture or dislocation
(if the history is consistent).

The shoulder-abduction test has been
cited as a reliable way to identify cervical
monoradiculopathies secondary to ex-
tradural compressive disease such as cervi-
cal spondylosis, disc disease, and possibly

neoplasm in the lower cervical spine.81

When shoulder abduction (with the elbow
in flexion) results in pain relief, the pa-
tient is considered to have a positive result
and a high probability of extradural com-
pression of a cervical nerve root.81 Alter-
natively, if the abducted arm is extended
at the elbow and laterally rotated (Fig.
3-6), pain is usually increased in cases of
cervical nerve root and brachial plexus
disorders.48 This latter maneuver is simi-
lar to the hyperabduction test, or Allen
test, used in the diagnosis of thoracic out-
let syndrome or scalenus anticus syn-
drome.58 In the case of thoracic outlet
syndrome, the patient experiences an in-
crease in symptoms with this maneuver.

If neck flexion causes pain in the tho-
racic or lumbar region, especially if the
pain is radicular, spinal cord compression
should seriously be considered and ex-
cluded with alacrity. The following illus-
tration demonstrates a case where the his-
tory initially suggested cranial disease, but
maneuvers on physical examination led to
the correct diagnosis of metastasis to the
spinal column.

CASE ILLUSTRATION

A 42-year-old woman with known metastatic
colon cancer was referred for evaluation of
headaches. She was reported to have a normal
neurological examination and negative head
CT scan prior to neurological referral. Her
headaches, primarily occipital in location, were
worsened by sitting up or standing and re-
lieved by lying down. Her neurological exami-
nation, including funduscopic examination,
was normal. These maneuvers caused the pa-
tient severe limitation of neck movement and
paravertebral cervical muscle spasm with exac-
erbation of her pain. Gentle downward com-
pression of the head when she was sitting re-
sulted in severe occipital pain.

Given the marked limitation of neck move-
ment, a presumptive diagnosis of cervical spine
metastasis was made. She was referred for cer-
vical spine films, which demonstrated destruc-
tion of the C2 vertebral body by neoplasm. A
CT scan with intravenous contrast through
the area confirmed the diagnosis and demon-
strated epidural extension of the metastasis
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Figure 3-6. A maneuver which may produce radicular pain in a patient with cervical radiculopathy. The arm is
abducted and laterally rotated, and the elbow is in extension. (From Waxman, SG,48 with permission.)

without spinal cord compression. The patient
was placed in a collar and underwent radiation
therapy to the region, which led to improve-
ment of her pain. Although she died several
months later due to widespread metastatic dis-
ease, she never developed clinical signs of
spinal cord compression.

The examination of the low back includes
testing mobility by forward flexion, lateral
bending, rotation, and hyperextension. In
cases of herniation of a lumbar disc causing
compression of a nerve root, the lumbar
spine often assumes a protective posture to
prevent further compression or stretch of
the nerve root. As described above, the di-
rection of the list is that which places the
least traction on the nerve root.79 Under
these circumstances, lateral bending to the
side away from the list is usually limited.

Most causes of low back pain limit for-
ward flexion due to associated muscle
spasm. Herniated lumbar discs and other
causes of mass within the lumbar canal
(e.g., metastatic cancer or spinal sepsis)
may be associated with increased pain
during maneuvers that increase the lum-

bar lordosis such as hyperextension of the
lumbar spine.

STRAIGHT-LEG-RAISING TEST

Several clinical tests have been developed
over the last century to evaluate the patient
with low back pain with or without radia-
tion into the leg. The most well known is
the straight-leg-raising test. Often referred
to as the Lasegue sign, the test actually was
described by Lasegue's student, Forst, in
1881.82 The sciatic nerve is stretched over
the ischial tuberosity, as the extended leg is
flexed at the hip, so that pain is elicited or
exacerbated in cases where the sciatic nerve
or the affected nerve root is already com-
pressed.82 Forst proposed the test as a
means of differentiating hip disease from
sciatica. However, as noted below, this ma-
neuver does not confidently accomplish
this. The straight-leg-raising test is per-
formed on the supine patient by flexing the
thigh at the hip, with the knee extended
(Fig. 3-7). If pain radiating down the leg in
a sciatic distribution is provoked, the result
is considered positive. If the foot is also
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Figure 3-7. The straight-leg-raising test. (From De-
Jong, RN,58 with permission.)

dorsiflexed during the straight-leg raising,
the pain is often intensified.

Positive results with the straight-leg-
raising test are often considered evidence
for L5 or S1 nerve root compression. This
often occurs with herniated discs at L4-5
and L5-S1, respectively. Falconer showed
(during surgery) that the L5 nerve root
moves 2-6 mm caudally during the act of
straight-leg raising,83,84 which supports
this concept. However, positive results of
the straight-leg-raising test may also be
observed in diseases of the hip, thigh, and
pelvis. They are therefore not specific for
lumbar spine disease and radiculopathy.
This impression was confirmed in a neu-
rosurgical series85 (intended to study pa-
tients with herniated discs and, therefore,
excluding patients with spinal tumors) in
which patients with low back pain, leg
pain, or both were tested for straight-leg
raising. Of 351 patients with positive re-
sults, only 64% proved to have a disc her-
niation. This underscores the lack of
specificity of this sign. Moreover, positive
results are not invariably present in cases
of prolapsed lower lumbar intervertebral
discs. One study found that only 80% of
individuals with surgically proven herni-
ated lower lumbar discs had positive re-
sults on straight-leg-raising tests.86

Occasionally, patients are reported to
have sciatica, but their pain actually has a

nonorganic component. In order to distin-
guish between organic and nonorganic
pain, the "flip test" has been recom-
mended.87,88 This maneuver is a modifica-
tion of the straight-leg-raising test which
is usually performed with the patient
supine. When the flip test is performed, to
identify a nonorganic component to pain as
described by Waddell and colleagues,88 the
patient is distracted during the maneuver.
One method of performing the test involves
extending the leg at the knee with the pa-
tient in a seated position in order to test the
plantar reflex. The patient with a nonor-
ganic component to sciatic-type pain may
report pain with straight-leg raising in the
supine position but no pain with the flip test
in the seated position.88 Waddell and col-
leagues have presented several nonorganic
physical signs associated with low back pain
that they recommend as part of the evalua-
tion of these patients. Even so, the presence
of such a nonorganic sign does not rule
out the possibility of coexisting organic
disease.

CROSSED-STRAIGHT-LEG
RAISING TEST

Another helpful clinical test is the crossed-
straight-leg-raising test. This test is per-
formed in a manner similar to the straight-
leg-raising test, but in this case positive
results are defined as pain projected to the
affected leg when the unaffected leg is
raised. Positive results are explained by the
observation that straight-leg raising causes
the contralateral as well as the ipsilateral
L5 and S1 roots to be pulled caudally.

Woodhall and Hayes89 found that of 95
patients with positive results, 90 had a
herniated disc demonstrated surgically. All
but two of the herniated discs were at the
L4-5 or L5-S1 level. In another study, 54
of 56 (97%) patients who had positive re-
sults were found to have a herniated
disc.85 These findings suggest that the test
is highly specific for localizing disease to
the spine. Although herniated discs were
found in these two studies, spinal tumors
in the same location also may give rise to
positive results on this test. Thus, positive
results more accurately indicate a com-
pressive lesion in the lower lumbar spinal
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canal than do positive results with the
straight-leg-raising test. When the subjec-
tive response has been accurately reported
and interpreted, this sign is exceedingly
reliable in localizing disease to the spine.
In the authors' experience, cases in which
the localization has been misleading have
been those rare patients with severe
metastatic disease to the pelvis. In this in-
stance, any movement of one leg may
cause pain in the contralateral leg as well.

REVERSED-STRAIGHT-LEG-
RAISING TEST

A useful clinical test to evaluate patients
with suspected upper lumbar spine dis-
ease and radiculopathies is termed the
femoral-nerve-traction test83,90,91 or the re-
versed-straight-leg-raising test. The test is
not specific for spinal disease or a radicu-
lopathy, since positive results are often ob-
served with femoral neuropathy due to
ischemia in diabetes mellitus or with
retroperitoneal masses such as psoas
hematoma or abscess.

The test may be performed with the pa-
tient lying on his/her painless side and
with their neck flexed to increase tension
on the cauda equina. The painful leg is
then pulled back by the examiner to hy-
perextend it at the hip. The knee is then
flexed, further stretching the upper lum-
bar nerve roots (Fig. 3-8). In an alterna-
tive technique, the test may be performed
by flexing the knee of the patient, who is
in a prone position. In cases of L3 radicu-

lopathy, pain often radiates to the ventral
thigh. In cases of L4 radiculopathy, the
pain is more apt to radiate below the knee.
The results of this test are negative in cases
of L5 and S1 radiculopathies91 but positive
in cases of upper lumbar radiculopathy.

PATRICK'S MANEUVER

Buttock, hip, and knee pain may arise
from hip disease such as metastasis, os-
teoarthritis, or infection. The location and
pattern of pain referral are often similar
to those of radicular pain arising from the
lumbar spine. When positive, the Patrick
sign is often helpful in localizing the
source of pain to the hip.58,92

This test is performed by placing the
heel of the lower extremity being tested
on the contralateral knee; downward and
outward pressure is then exerted on the
ipsilateral knee. The resultant movement
is flexion, abduction, and external rota-
tion of the involved hip. Flexion of the
knee helps to relieve tension on the nerve
roots. If the patient's pain complaint is re-
produced in the hip or ipsilateral thigh,
the hip may be the source of pain. Since
stretch is not placed on the sciatic nerve
with this test, Patrick's maneuver helps in
distinguishing between sciatica and re-
ferred pain from the hip. Other lesions of
the pelvis and lower extremity, such as
metastases, may also give rise to a positive
Patrick sign.

Hip pain may also, and perhaps more
predictably, be elicited by extending the

Figure 3-8. The reversed-straight-leg-raising test. Left, anterior view. Right, posterior view. (From Jabre,
JF and Bryan, RW,91 with permission.)
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affected knee and flexing the hip, while at
the same time percussing the calcaneus re-
gion of the foot. The "impulse" is trans-
mitted to the hip joint, thus often result-
ing in hip region pain if "hip disease" is
present.

Neurological Examination

When abnormalities are found when the
neurological examination is performed,
they may not only localize the level of the
lesion but may also suggest the etiology.
For example, as already mentioned, cervi-
cal disc disease most frequently occurs at
the C5-6 and C6-7 levels, and lumbar disc
disease most frequently involves the L4-5
and L5-S1 levels. Although metastases, in-
fection, or other diseases may be responsi-
ble, when radicular signs place the lesion
at these levels, spondylosis and disc dis-
ease are prominent considerations. When
neurological signs localize the lesion to
levels other than these, while spondylosis
may be the cause, there is a greater likeli-
hood of other causes. One of the most
common sources of delay in diagnosis of
metastatic cancer to the spine occurs when
a physician attributes neurological abnor-
malities to spondylosis and disc disease in
the upper lumbar region or thoracic area.
These are levels that are rarely involved
clinically with these disorders.

Deep tendon reflexes should be tested
carefully to detect asymmetry. In the up-
per extremity, depressed or asymmetric
reflexes at the biceps (C5, C6), brachiora-
dialis (C5, C6), or triceps (C7) are often
seen in association with cervical spondylo-
sis at these levels. An asymmetrical Hoff-
mann's reflex suggests the presence of pa-
thology at the C7-T1 level or the lower
brachial plexus levels. This result is not
common in patients with spondylosis but
is frequently found in those with superior
sulcus tumors.93 In the lower extremity, an
absent ankle jerk (S1) is a common finding
in patients with lumbar spondylosis and
disc disease. However, an absent knee re-
flex is an unusual sign of spondylosis be-
cause over 90% of herniated lumbar discs
occur at the L4-5 or L5-S1 levels.76

Muscle strength, bulk, and tone are usu-
ally not severely affected in cases of mono-

radiculopathy. Some abnormalities may be
found in cases of radiculopathy, however,
when testing muscles that receive a pre-
ponderance of innervation from the af-
fected nerve root. These segment "pointer"
muscles94 are presented in Chapter 2. Mus-
cle spasm and guarding may also be re-
sponsible for abnormalities. If the abnor-
malities are thought to be related to pain,
the examination should be repeated after
the pain has been controlled with anal-
gesics.

In patients with suspected spine disease,
the sensory examination is performed to
distinguish between a sensory level and a
dermatomal sensory loss. When sensory
testing is performed in patients suffering
from peripheral neuropathy, decreased
sensation distally in the lower extremities
is often found. This distal type of sensory
loss is not necessarily confined to the
limbs. In many peripheral neuropathies,
there is a relative invariance over the en-
tire body surface regarding the distance
from the spinal or cranial nerve root of
origin to the border of normal sensation.95

If the neuropathy is advanced, sensory
loss over the distal aspect of the intercostal
distribution in the midventral trunk may
be observed in the context of sensory loss
in the distal limbs.96 This ventral distribu-
tion of truncal sensory loss widens with
progression of the neuropathy (Fig. 3-9A
and B). Ventral truncal sensory loss due to
peripheral neuropathy can be mistakenly
attributed to a spinal cord lesion. Confu-
sion can be avoided if the sensory exami-
nation includes the back and buttocks, be-
cause the thoracic, lumbar, and sacral
dermatomes are represented dorsally as
well as ventrally.

The distinction between sensory loss
due to peripheral neuropathy and that
due to spinal cord pathology must often
be made in cancer patients receiving vinca
alkaloids who complain of numbness in
their legs. These drugs commonly cause a
peripheral neuropathy. Such patients may
also have painful dysesthesias of the distal
legs secondary to the peripheral neuropa-
thy. If they complain of back, neck, or
radicular pain, or if they have a sensory
level on the trunk, their symptoms should
not be attributed to peripheral neuropa-
thy. These patients should be considered
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Figure 3-9. (A) Sensory map in patient with moderately advanced diabetic neuropathy. Note distal sensory loss
in arms and legs and in the most distal part of the territory served by truncal nerves. (B) Sensory map in severe
diabetic neuropathy. Sensory loss has progressed to include anterior thorax, in addition to the arms and legs,
which show an advanced "glove-and-stocking" pattern. Note that unless the posterior thorax is examined, the
pattern of sensory loss over the trunk can be confused with a sensory level due to spinal cord compression.
(From Waxman, SG and Sabin, TD,148 with permission.)

as candidates for the diagnosis of spinal
disease.

Superficial reflexes are often abnormal
in patients suffering from spinal cord or
cauda equina disease. The pathophysiol-
ogy and methods of obtaining the superfi-
cial abdominal, cremasteric, anal, and
Babinski reflexes were reviewed in Chap-
ter 2. It should be emphasized that in
spinal cord disease involving descending
pathways, there may be an increase in
deep tendon reflexes, in conjunction with
a diminution of superficial abdominal,
anal, and cremasteric reflexes. This disso-
ciation of reflexes should alert the physi-
cian to pathology of the pyramidal tracts.

Laboratory Studies

In most cases of acute low back or neck
pain, where the history and physical ex-
amination do not lead to a suspicion of se-
rious underlying disease, no laboratory in-

vestigations are required. The pain is typi-
cally due to musculoligamentous strain
and is self-limited. However, these patients
require close clinical observation before
one can confidently exclude more serious
underlying pathology.

In persistent or atypical cases, or if the
history and physical examination lead to
the suspicion of underlying systemic dis-
ease, a more thorough evaluation should
be undertaken. Any relevant leads already
uncovered should be pursued. In addi-
tion, a CBC, sedimentation rate, urinaly-
sis, and serum chemistry profile may yield
clues to the existence and identity of more
serious disease. For example, acid phos-
phatase or prostatic specific antigen may
be elevated in men with carcinoma of the
prostate. If multiple myeloma is in the dif-
ferential diagnosis, a serum and urine
protein electrophoresis may be helpful.
When inflammatory disease is suspected,
a tuberculin test, antinuclear antibody,
rheumatoid factor, human leukocyte and-

A B
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gen (HLA) B-27, and other screening
studies for autoimmune and infectious
causes may be helpful.

Imaging Studies

Imaging studies for pain of spinal origin
are indicated to (7) determine neural com-
pression and/or (2) establish a diagnosis
for a mechanical origin of pain. One must
clearly separate these indications so that
an appropriate diagnostic scheme and
management plan may be derived.

Imaging for neural or dural compres-
sion is relatively straightforward in most
circumstances. Possible techniques include
radiograph, CT, myelography, and MRI.
Imaging to establish a mechanical origin
of spinal pain is somewhat more contro-
versial. Techniques include radiography,
CT, MRI, and discography. Each is contro-
versial in its own way. Radiography pro-
vides the most "surgically conservative"
approach to the diagnosis of mechanical
back pain, whereas CT and MRI are inter-
mediate. Discography provides an in-
creased sensitivity to disc degeneration,
but because some degenerated discs are
not clinically significant, it may (if read in
isolation from the clinical findings) cause
an "overreading" of the degenerated disc.
Furthermore, its use must be employed
with a provocation component for it to be
clinically relevant. Provocation of symp-
toms during discography allows a clinical
component of the test to be introduced;
i.e., the combination of an imaging study
with a study in which the pain of origin
(patient's mechanical back pain) is repro-
duced.

Back pain is one of the most common
symptoms associated with the use of radi-
ography in ambulatory settings in the
United States.97 In most cases, the pur-
pose of ordering such "plain films" is to
detect serious underlying diseases such as
cancer, fractures, infections, and spondy-
loarthropathies. Although compression
fractures may be observed in 3% of cases,
cancer has been reported to be found in
approximately 6 per 1000 cases and verte-
bral osteomyelitis in 1 in 100,000 patients
with acute low back pain in primary care

settings.97-99 In an attempt to establish se-
lective criteria for ordering radiological
studies in the patient with acute low back
pain, Deyo and Diehl98 suggested in 1986
that spinal radiographs are indicated
when the patient meets any of the follow-
ing criteria:

1. When the patient is over 50 years of
age

2. When there has been significant
trauma

3. When a history or physical examina-
tion suggests ankylosing spondylitis
or demonstrates a neuromotor deficit

4. When there is a history of drug or al-
cohol abuse, a history of treatment
with corticosteroids, or a tempera-
ture over 37.8° C

5. When there is a history of cancer,
pain at rest, or unexplained weight
loss

6. When there has been a recent visit
for the same problem, which has not
improved

7. When the patient is seeking compen-
sation

However, Frazier and colleagues99 then
concluded that adoption of these criteria
would increase the use of roentgeno-
graphic studies. More recently, Suarez-
Almazor and colleagues100 reported that
adoption of these guidelines would result
in obtaining radiographs in 44% of pa-
tients with low back pain. Accordingly, the
difficulty in establishing strict criteria for
the use of roentgenographic studies for
this problem remains.97

In cases of subacute or chronic neck or
back pain, spine radiographs are often
performed. Since radiographic studies of-
ten reveal cervical and/or lumbar spondy-
losis in asymptomatic individuals4,9,19,101

the physician must be wary of attributing a
patient's symptom or sign to a finding that
may be incidental and asymptomatic.

In an epidemiological study of the fre-
quency of abnormal spine radiographs,
plain anteroposterior and lateral radi-
ographs of the lumbar spine were taken in
a randomly selected group of men be-
tween the ages of 18 and 55.19 One group
had a history of no low back pain, the sec-
ond group had a history of moderate low
back pain, and the third had severe low
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back pain. The authors found no differ-
ence among these groups in the incidence
of transitional vertebrae, Schmorl's nodes,
narrowing of the disc spaces between the
third and fourth lumbar vertebrae and be-
tween the fifth lumbar and first sacral ver-
tebrae, or of other abnormalities. Only the
presence of traction spurs and/or disc
space narrowing between the fourth and
fifth lumbar vertebrae correlated with the
symptoms of severe low back pain and
numbness, weakness, and pain in the
lower extremities. As in other studies,19,102

these authors found a high degree of in-
terobserver variation in the interpretation
of conventional roentgenograms, which
might have contributed to the lack of cor-
relation between the patients' histories
and the radiological studies. As noted be-
low, similar findings have been reported
with other imaging modalities.

In a study using CT of the lumbar spine
in a group of asymptomatic adults, 35%
were abnormal.21 More than 50% of indi-
viduals over 40 years of age had abnormal
scans. The most common abnormality in
the entire group of asymptomatic subjects
was a herniated nucleus pulposus, found
in 20% of individuals.

Similarly, radiological evidence of cervi-
cal spondylosis has been reported in a
large proportion of individuals without
specific complaints.103 Such evidence was
found on the plain radiographs films of
50% of individuals over the age of 50 and
on those of 75% of those over the age of
65; many of these individuals were asymp-
tomatic.104

The abnormalities found on plain radi-
ography and CT have been corroborated
by findings on total spine myelography in
asymptomatic patients. In a study of total
myelograms incidentally performed for
the evaluation of acoustic neuromas, 37%
of 300 otherwise asymptomatic individuals
with no history of neck, back, or radicular
pain had spinal abnormalities.20 The ab-
normalities ranged from deformed nerve
root sleeves and ruptured discs to nearly
complete obstruction. The defects were
solitary in 19% of cases, and multiple in
18%. Lumbar abnormalities were present
in 24% and cervical abnormalities in 21%
of these asymptomatic individuals.

In a smaller study of patients with
asymptomatic intervertebral disc protru-
sions, McCrae105 performed postmortem
myelograms and dissections of 18 com-
plete spines in individuals over 30 years of
age. He concluded that "nearly everybody,
40 years of age or older, has at least one
posterior cervical and one posterior lum-
bar disc protrusion."105 In a study of mag-
netic resonance imaging (MRI) of the
lumbar spine in 96 asymptomatic people
(mean age 42 years), Jensen et al.106 found
that 52% of subjects had disc bulges at at
least one level, 27% had protrusions, and
1% had extrusions. (Rather than use the
term herniation, these authors subdivided
herniation into protrusion and extrusion
of the nucleus pulposus.) Similarly, using
MRI in 67 people without symptoms, Bo-
den and colleagues found herniated discs
in 20% of those less than 60 years of age
and in 36% of those 60 years and over.107

These reports underscore the impor-
tance of making a correct clinical diagno-
sis and not relying exclusively on radiolog-
ical studies in the absence of other clinical
data. Radiographic studies in many cases
demonstrate structural abnormalities that
are not related to the patient's complaint.

MANAGEMENT

Neck and Back Pain

Neck and back pain affects nearly 80% of
adults. It is the most common cause of dis-
ability in patients aged younger than 45
years.8 It accounts for a large fraction of
the U.S. health care budget ($25 billion a
year). Although most adults experience
low back and neck pain, only a small
percentage require surgery.108 Therefore,
nonoperative management schemes are
extremely valuable. The most clinically
relevant of these are discussed below.

Acute low back pain and neck pain in
which no specific pathoanatomic diagnosis
can be made are usually self-limited disor-
ders even without specific therapy. In
these cases, the term muscle strain or
spasm is often used. In some of these
cases, however, the pain is sufficient to
warrant the use of a brief period of bed
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rest, antiinflammatory agents, muscle re-
laxers, or local heat. In a systematic review
of randomized controlled trials of the
most common interventions for acute back
pain, van Tulder et al.109 found strong evi-
dence for the effectiveness of muscle re-
laxers and nonsteroidal antiinflammatory
drugs and for the ineffectiveness of exer-
cise therapy. In the case of neck pain, a
collar and cervical traction may be used
effectively.

Based on national surveys, bed rest is
the most frequently used treatment
modality for neck and low back pain.110

However, the efficacy of bed rest has not
been proven. Although the direct costs of
bed rest are small, the indirect costs may
be excessive. Of note is that nearly half of
patients with back pain reported only
minimal relief with bed rest.111 In the re-
view cited above, van Tuler et al.109 found
that there was strong evidence that bed
rest is not an effective treatment option
for acute low back pain. Furthermore,
there are significant disadvantages associ-
ated with bed rest, including the psycho-
logical association a patient may make be-
tween many days in bed and severe illness.
This may lead to depression, exacerbation
of pain, and a predisposition to dimin-
ished effort in an exercise program.108

Deconditioning, with muscle atrophy
(1%-1.5% per day112), cardiopulmonary
function loss (15% in 10 days,113), and
bone mineral loss, occurs relatively
rapidly. Medical complications, including
deep venous thrombosis and pneumonia,
are more common with bed rest.108

A study of the duration of bed rest for
acute mechanical low back pain without
significant neurological deficit demon-
strated that two days of bed rest were as
effective as seven days.12 Moreover, some
patients with acute low back pain who con-
tinue ordinary activities "within the limits
permitted by the pain" may do better than
those who undergo bed rest or back-
mobilizing exercises.114 Although no con-
sensus on bed rest has been reached, a
brief period of bed rest (e.g., one or two
days) is a reasonable strategy for many pa-
tients with acute back pain, followed by
mobilization.108

Chiropractic or spinal manipulative
therapy includes adjustment, manipula-
tion, stimulation, and traction. Approxi-
mately 30% of patients with back pain seek
chiropractic care. Carey et al. recently
evaluated outcomes in patients treated for
back pain by primary care physicians, chi-
ropractors, and orthopedic surgeons.115

They found that the outcomes were simi-
lar in all groups. The costs of orthopedic
and chiropractic care were significantly
greater those of primary care physicians.
Patients expressed a greater overall satis-
faction with chiropractic care; however, a
long-term follow-up at 3 and 12 months
did not demonstrate a significant differ-
ence. In a study of patients with low back
pain, Gherkin and colleagues compared
the clinical outcome and costs associated
with the McKenzie method of physical
therapy versus chiropractic manipulation
versus provision of an educational book-
let.115a These authors found that the phys-
ical therapy group and chiropractic ma-
nipulation group had similar clinical
outcomes which were "marginally" better
than the outcomes receiving the educa-
tional booklet. The treatment costs were
significantly less in the booklet group
compared to the other two groups.

For chronic low back pain, van Tulder
et al.109 found studies in the literature
demonstrating strong evidence for the use
of manipulation, back schools, and exer-
cise therapy. After the acute bout of pain,
exercise programs may be used to reduce
the risk of recurrence.3,116-118 Lahad et
al.119 have reviewed the effectiveness of
exercise programs in the prevention of
low back pain. Transcutaneous electrical
nerve stimulation (TENS) for the treat-
ment of chronic low back pain has not
been found to be efficacious.120 In addi-
tion, a controlled trial of corticosteroid in-
jection into facet joints for chronic low
back pain has found to be little more effec-
tive than saline injections.121 While "back
schools" (back schools include education
in biomechanics) have been shown to be
effective,109 an educational program among
postal workers that stressed lifting tech-
niques to prevent low back injuries failed
to show long-term benefits. Thus exercise



Pain of Spinal Origin 115

programs may be needed to prevent re-
currence of back pain and radicular pain.
This has been the experience of the au-
thors (see below).

Traditionally, the management of low
back pain, with or without radicular pain
due to a herniated lumbar disc, is similar
to that of mechanical low back pain except
that the necessary period of bed rest is
usually longer. It may be important to re-
assure the patient that in the majority of
cases of low back pain (with or without
sciatica) due to a herniated lumbar disc,
the pain will resolve with nonsurgical ther-
apy. 108,122,123

Nerve Root Compression

For patients with nerve root compression,
bed rest, analgesics, antiinflammatory
agents, muscle relaxants, and avoidance of
activities that provoke leg pain are recom-
mended by many clinicians. In most cases
of severe pain, bed rest, except for bath-
room privileges, may be used until there is
significant improvement of pain. A grad-
ual increase in activity is allowed, pain
permitting. Activities that exacerbate the
pain are usually avoided. In the majority
of cases, the pain from a herniated disc
improves with nonoperative treatment.

Recent data, however indicate, that bed
rest provides no advantage or is worse
than the continuation of normal activity in
some patients with sciatica.123a Therefore,
bed rest as a treatment for sciatica may be
overrated.108 Epidural steroid injection
for sciatica due to herniated disc has been
used since the 1950s. There have been
contradictory reports of efficacy (reviewed
by Carette et al.124). Recently, in a double-
blind controlled trial, Carette et al.124

found that epidural corticosteroid injec-
tions may offer short-term benefit for leg
pain and sensory loss but do not offer sig-
nificant functional benefit or reduce the
need for surgery.

The need for surgical intervention in
patients with sciatica secondary to herni-
ated nucleus pulposus has been controver-
sial. Operations on such patients occur ten
times more frequently in the United States

than in Great Britain122,125 and several
studies have demonstrated that in the ma-
jority of patients, nonsurgical therapy is
successful. A few of these are cited below.
There have been a number of studies, us-
ing chemonucleolysis, in which some pa-
tients underwent double-blind placebo
injections. Generally, patients must have
failed to respond to "conservative" ther-
apy to enter the study. One such series126

demonstrated that muscle weakness im-
proved in 66% in the placebo group; in
two other series, the placebo treatment
was considered successful in approxi-
mately 50% of cases.127,128

Several recent studies utilizing CT and
MRI to confirm the presence of herniated
nucleus pulposus as the cause of sciatica
have revealed that the great majority of
patients with sciatica secondary to herni-
ated nucleus pulposus can be managed
without surgical intervention.122,129-131

Bush and colleagues122 reported the out-
come of 165 patients with sciatica sec-
ondary to compression by disc material
(bulging or herniated or sequestered disc)
for an average of 4.2 months. These authors
treated patients with epidural steroid in-
jections, following patients clinically and
with computed tomography. Patients who
failed to respond to this regimen under-
went surgical decompression. Among the
165 patients, 23 (14%) required surgical
decompression. The remaining patients
were assessed clinically and with follow-up
CT scans at one year. All patients reevalu-
ated at one year had returned to work and
their usual recreational activities. Among
this group, the average reduction in pain
on the visual analog scale was 94%. Fur-
thermore, follow-up CT scans showed
76% of disc herniations and 26% of disc
bulges partially or completely resolved.
Remarkably, among ten patients harbor-
ing sequestered discs, one returned to
normal and eight (80%) improved with-
out surgical intervention. The observation
that the largest disc herniations and
sequestrations have been those that have
had the highest rate of spontaneous
resolution has been reported in several
other studies.132-135 In another study uti-
lizing MRI to follow patients with clinically
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symptomatic lumbar disc herniation man-
aged nonsurgically, 63% of patients
showed a reduction of disc herniation of
more than 30% (48% had a reduction of
more than 70%) whereas only 8% demon-
strated worsening.132 Therefore, the man-
agement of most patients includes a non-
surgical approach, supplemented when
necessary with a multidisciplinary chronic
pain management program.108

Exercises

Significant controversy exists regarding
exercise type and efficacy. Aerobic exer-
cise theoretically improves endurance,
motor control, coordination, mechanical
efficiency, and the strength of abdominal
and paraspinous muscles. Additional ben-
efits of aerobic exercise include weight
loss, and the psychologic effects of im-
proved mood and lessened anxiety. Some
have suggested that particular types of
high impact exercise should be avoided
because of the potential for raising in-
tradiscal pressure.136 This stance, how-
ever, has not been supported by objective
data.

Stretching (flexibility) exercises are oc-
casionally advocated to improve the ex-
tensibility of muscles and other soft tissues
and to reestablish normal joint range of
motion.108 Pain commonly limits mobility.
Muscle spasm, or sprain, may also be pres-
ent. Stretching is thought to maintain mo-
bility and reduce spasm. Kraus reported a
study of the effects of stretching exercises
on back pain. He found that nearly 80% of
people with chronic back pain who en-
tered the program reported improvement
at the end of a six-week training session.137

The benefit of stretching exercises, how-
ever, may not persist.120

Isometric (strengthening) exercises have
enjoyed significant popularity. Williams138

suggested that isometric flexion exercises
offered patients the best relief of pain. His
rationale was that flexion (1) widened the
intervertebral foramina and facet joints,
reducing nerve root compression; (2)
stretched hip flexors and back extensors;
(3} strengthened abdominal and gluteus

muscles; and (4) reduced dorsal fixation of
the lumbosacral junction. There has been
concern over the use of flexion exercises
specifically regarding substantial increases
in intradiscal pressure that may aggravate
bulging or herniation of an intervertebral
disc.4 Randomized controlled trials have
shown conflicting results.139-141

More recently, McKenzie142 has advo-
cated extension exercises. These limit the
risk of aggravating nerve root compres-
sion that may occur by extruding a disc
fragment. McKenzie's program is compli-
cated. Some investigations have suggested
that it offers an advantage over the
Williams method. However, there is a high
noncompliance rate.108

Based on mounting evidence, weak
paraspinous supporting muscles are asso-
ciated with back and neck pain.143-145

Therefore, strengthening exercises have
more than a theoretical benefit. Activities
that stress the spine without a simultane-
ous strengthening of muscles that support
the spine could result in an imbalance of
stress and muscle strength.

AN ALGORITHM FOR AGGRESSIVE
NONSURGICAL MANAGEMENT OF
BACK PAIN

An ideal exercise program should be effica-
cious and be associated with a high level of
compliance. It should also be cost-effective.
Similarly, it should incorporate a lifestyle al-
teration component (active rather than pas-
sive participation in the program). Finally,
patient motivation should be assessed by
monitoring compliance.42,108

The four-point management scheme
outlined below may be individualized to
"fit" specific clinical situations. It addresses
many of the issues raised above.42-108 The
program can be useful in the nonsurgical
management process associated with me-
chanical back pain: (7) General sense of
well-being augmentation (2) Aerobic ex-
ercise, (3) Stretch exercises, and (4)
Strengthening exercises (GASS). Each of
these involves patient education, either on
the part of the physician/surgeon, or other
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health care providers (e.g., nurse practi-
tioners), or, more appropriately, both.42,108

General Sense of Well-being
Augmentation

Sense of well-being augmentation causes
the patient to improve attitude and simulta-

neously become a better surgical candidate
(if surgery, indeed, is deemed appropriate).
The process can include a program for the
cessation of smoking and weight loss. To-
bacco use and obesity are associated with
back and neck pain. Both can be objectively
assessed and recorded on a periodic basis.
If the patient cannot demonstrate progress

Figure 3-10. Back stretching and strengthening exercises. Progressive degrees of stretching (A-C) and
strengthening (D and E) exercises are depicted. For stretching exercises, (A-G) the patient must hold the posi-
tion for 10-20 seconds. For strengthening exercises, strength imbalances may increase pain. Both abdominal
(D) and paraspinous (E) muscle strengthening are thus recommended. Progress may be measured in terms of
duration and progression of complexity of exercises.

® ® ©
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in these areas, their motivation may be in-
sufficient to warrant surgery or even fur-
ther nonoperative care.42,108

Aerobic Exercise

Aerobic exercise can be quantitated. The
increased sense of well-being and accom-
plishment acquired from a planned aero-
bic exercise program (walking, running,
swimming, cycling, etc.) can create a posi-
tive psychological as well as physiological
milieu and can establish the extent of the
patient's motivation.42,108

Stretching Exercise

The augmentation of flexibility is an inte-
gral component of the algorithm. Flexibil-
ity can be improved via stretching. Toe
touching can be monitored by asking pa-

tients to reach for their toes with their
knees locked and to hold the lowest posi-
tion achievable for 20 seconds. The dis-
tance from the floor is measured and re-
corded. Bouncing is discouraged. Other
exercises include extension and the foot on
stool exercises. They, however, are not as
easily quantitated and monitored (Fig.
3-10). Less aggressive exercises are ap-
propriate initially, to be succeeded by
more aggressive exercises with increasing
stretch and duration.42,108 Patients with
sciatica perhaps should resrict or elimi-
nate the use of this component of the pro-
gram.

Strengthening Exercises

Much of the pain of spinal origin is associ-
ated with mechanical instability (dysfunc-
tional segmental motion). This may be re-

Figure 3-11. Neck strengthening resistance to lateral bending is depicted (upper left). Only the resistance to
right lateral bending is demonstrated. However, both right and left exercises should be performed. Resistance
to flexion by pressure on the chin and forehead exercises different muscle groups (upper middle and right).
Right and left rotational resistance exercises are accomplished by resisting rotation in both directions (lower
left). Resistance to extension (lower right).
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duced by an appropriate strengthening
program. The supporting muscles of the
spinal column assist with normal motion,
provide support, and prevent excessive
spinal movement. If an asymmetry of
muscle strength exists, excessive stresses
may be placed on the spine or on its sup-
porting muscles and ligaments. In this
case strengthening the muscles that stress
the spine such as by weight lifting or by
running, without strengthening the mus-
cles that support the spine (abdominal
and paraspinous muscles), could result in
an imbalance. This may aggravate the dys-
functional motion segment.42-108

Exercises for the dorsal paraspinous
and abdominal muscles deserve specific
attention. These include supine leg lifts
(progressing to sit-ups) for abdominal
muscle strengthening and prone leg lifts
(progressing to the airplane or rocking chair
exercise) for paraspinous muscle strength-
ening (Fig. 3-10). Similarly, strengthening
exercises for cervical pain may be used
(Fig. 3-ll).42,108

Documentation and Patient
Education

Patient education is essential. If patients
understand the importance of their active
participation in the program, achieving
the goal is more likely. Documentation of
progress (or lack thereof) can be very
helpful.

SUMMARY

The clinical importance of back and neck
pain is extraordinary. For example, after
colds, back and neck pain are the second
most common reasons for visits to primary
care physicians (see text for references).
Furthermore, back pain is reported to be
the most expensive chronic illness among
persons 30-60 years of age in our society.
The number of individuals disabled by
back pain was reported to have grown at a
rate 14 times that of the population be-
tween 1971 and 1981. Therefore, it is im-
portant for all physicians seeing such pa-
tients to develop an understanding of the
pathophysiology of spinal pain and its

treatment. Although spinal pain may af-
flict the majority of all individuals, it can
usually be managed successfully with
modest diagnostic and therapeutic inter-
ventions.

Alternatively, since back pain may be a
sign of a serious underlying disease such
as cancer, many physicians resort to non-
invasive imaging such as CT and MRI in
patients with back or neck pain. However,
as discussed in this chapter and in Chap-
ter 4, there is a high prevalence of asymp-
tomatic disc herniations in middle-aged
individuals (including asymptomatic vol-
unteers who undergo imaging). Accord-
ingly, it is imperative to correlate the pa-
tient's clinical history and physical
examination with the imaging findings in
order to avoid unnecessary further diag-
nostic tests and even surgery for asympto-
matic disc disease.

This chapter has reviewed the classifica-
tion of pain of spinal origin into local (ax-
ial) pain; referred, radicular, and funicu-
lar pain; pain secondary to muscle spasm;
chronic pain; neurogenic claudication
pain; and acute spinal instability pain. An
approach to a careful history and physical
examination was presented, followed by a
discussion of the spectrum of laboratory
and imaging tests available.

When no specific pathoanatomic diag-
nosis can be found, acute low back and
neck pain is usually a self-limited disorder.
When treatment is instituted it usually
consists of nonoperative intervention in-
cluding rest, antiinflammatory agents, and
an exercise program. These approaches
have been discussed in this chapter along
with the many controversies surrounding
each approach. Specific management ap-
proaches to disc herniation and other spe-
cific diseases of the spine are discussed
elsewhere in this book.
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SCHEUERMANN'S DISEASE
OSTEOPOROSIS

Osteoarthritis and spondylosis, which
are "normal" aging phenomena, are al-
most universally present by the time of
late middle age and collectively are often
referred to as degenerative disorders of
the spine. While osteoarthritis refers to
degenerative disease of the diarthrodial
facet joints of the spine, spondylosis refers
to degeneration of the fibrocartilagenous
intervertebral disc joints. Osteoarthritis
and spondylosis frequently coexist, be-
cause when the process begins in either
the facet joint or the intervertebral disc
joint, abnormal function (motion) of the
affected joint transmits abnormal forces to
the corresponding (intervertebral and/or
facet) joints at the same and adjacent lev-
els, resulting in additional degeneration.
In practice, when referring to the spine,
the terms osteoarthritis and spondylosis
are often used interchangeably.

Spondylosis, a common cause of pain
and disability in middle and later years,
frequently occurs in the cervical and lum-
bar regions. In the cervical spine, it is a
common cause of radiculopathy and/or
myelopathy, and in the lumbar region, it
commonly causes low back pain, radicu-
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lopathy, the cauda equina syndrome,
and/or neurogenic claudication.

Stenosis of the spinal canal and in-
tervertebral foramina is the mechanism
whereby spondylosis causes most of its as-
sociated symptoms and signs.1 The pri-
mary event in the development of spondy-
losis appears to be degeneration of the
intervertebral disc. This results in disc
space narrowing, allowing the disc to
bulge centrifugally. In response to this
narrowing of disc space, adjacent verte-
bral bodies produce osteophytes. This is a
result of bone formation, the osteophytes,
along with cartilaginous and fibrous tissue
overgrowth, may combine to bulge dor-
sally into the spinal canal and interverte-
bral foramina, resulting in compression of
the adjacent spinal cord and nerve root(s).
Unlike acute prolapse of an intervertebral
disc, which often occurs after trauma,
there is usually no herniadon of the nu-
cleus pulposus in patients with spondy-
losis. Instead, an expansion of the cir-
cumference of the disc in association
with osteophytic, cartilaginous, and fi-
brous growth is found.2

Although neurologic symptoms and
signs may not occur in patients with
spondylosis, the degenerative changes that
cause progressive narrowing of the spinal
canal and intervertebral foramina fre-
quently give rise to myelopathy and
radiculopathy in cases of cervical spondy-
losis, and to radiculopathy in cases of lum-
bar spondylosis. The clinical importance
of cervical spondylosis is underscored by
its frequency. According to Adams and
Victor,3 it is the most common cause of
myelopathy found in patients in the gen-
eral hospital population. In addition,
many cases of low back pain and sciatica
may be attributed to lumbar spondylosis.

PATHOPHYSIOLOGY OF DISC
DEGENERATION AND THE
SPONDYLOTIC PROCESS

Spondylosis is defined as "vertebral osteo-
phytosis secondary to degenerative disc
disease."4 Spondylosis is not to be con-
fused with inflammatory processes that

are also associated with osteophyte forma-
tion. These are grouped together as in-
flammatory arthritides (e.g., rheumatoid
arthritis and ankylosing spondylitis). The
osteophytes of spondylosis are associated
with degeneration of the intervertebral
disc. The intervertebral disc is an am-
phiarthrodial joint that has no synovial
membrane. The inflammatory arthritides,
however, classically involve the diarthro-
dial joints that are lined with synovium;
e.g., the facet joints. The presence of
spondylosis is, therefore, defined by the
presence of noninflammatory disc degen-
eration. It is a complex process that in-
volves many alterations of normal physiol-
ogy.5

Intradiscal Hydrostatic and
Oncotic Pressure

Persistent elevation of intradiscal pressure
causes a narrowing of the disc interspace.
This results in distortion and stretching of
the annulus fibrosus and the facet joint
capsule, and an acceleration of the degen-
eration process. The degeneration process
can be considered to be a manifestation of
the normal aging process; however, its
pathological acceleration is of obvious
clinical significance.

The water content of the disc interspace
and the vascularity of the disc gradually
decrease throughout life so a well-vascu-
larized disc at birth essentially has no vas-
cular supply by age 30. These and other
factors contribute to changes in the chemi-
cal and anatomical makeup of the disc. Fi-
broblasts begin to produce inferior-quality
fibers and ground substance. The disc be-
comes dessicated and less able to function
as a cushion. Fissures occur in the carti-
laginous plates, with defects resulting in
internal herniations (Schmorl's nodes).6

Gas can accumulate in the disc (vacuum
phenomenon). Mucoid degeneration, an
ingrowth of fibrocartilage, and oblitera-
tion of the nucleus fibrosus, ensue. Gener-
alized disc deterioration results in instabil-
ity. This, in turn, results in annulus fibrosus
tension, compression, and bulging, all of
which result in pathological deformation.5
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Disc Deformation

Bulging of the annulus fibrosus elevates
the periosteum of adjacent vertebral bod-
ies at the attachment site of Sharpy's
fibers. Bony reactions (subperiosteal bone
formation) occur, resulting in spondylotic
ridge (osteophyte) formation (Fig. 4-1).
This process most commonly results in
spinal canal encroachment in the cervical
and lumbar regions, with a relative spar-
ing of the canal in the thoracic region.
This is due to the fact that the natural lor-
dosis in these spinal regions results in the
concavity of the spinal curvature, and
hence the tendency toward annular
bulging occurs in the direction of the
spinal canal. The spondylotic process is
deterred or retarded by fusion or immobi-
lization.5,7

Regarding a lateral bending deformity
(scoliotic curvature), osteophyte formation
predominantly occurs on the concave side of
a curve, where annulus fibrosus bulging is
similarly most significant (Fig. 4-2A and
B). In the cervical and lumbar regions, the
thin dorsal annulus fibrosus and relatively
weak posterior longitudinal ligament (par-
ticularly laterally) combine with the
migratory tendencies of the nucleus pul-
posus to encourage dorsolateral disc her-
niation (Fig. 4-3).

Many factors participate in inducing the
dorsal and lateral locations of disc hernia-
tion. These include the migratory tenden-
cies of the nucleus pulposus, the relatively
weak lateral portion of the dorsal longitu-

dinal ligament, and the thin lateral por-
tion of the annulus fibrosus. Most disc
herniations do not occur (or more appro-
priately do not become manifest) immedi-
ately following trauma. Laboratory inves-
tigations that attempt to determine the
mechanism of disc herniation are lacking.
This has hampered research in this area
for years. Adams and Hutton, however,
determined that a high percentage of lum-
bar discs in the laboratory could be en-
couraged to herniate if the disc (1) was de-
generated and (2) a specific force pattern
was acutely delivered to the motion seg-
ment. This force pattern includes (1) flex-
ion (causing dorsal nucleus pulposus mi-
gration), (2) lateral bending away from the
side of disc herniation (causing dorsal nu-
cleus pulposus migration), and (3} the
application of an axial load (causing an
increase in intradiscal pressure).8 As is
portrayed in Figure 4-3, this complex
loading pattern of the intervertebral disc
results in (7) the application of tension on
the weakest portion of the annulus fibro-
sus (dorsolateral position; the location of
the herniation), (2) migration of the nu-
cleus pulposus towards this position, and
(3) and an increase in intradiscal pressure
(asymmetric). A degenerated disc is a req-
uisite for this process to occur. These fac-
tors, plus the increasing frequency of an-
nulus fibrosus tears with age and the
observation of peak nucleus fibrosus pres-
sures in the 35-55 age group, are among
the mitigating factors related to an in-
creased incidence of disc herniation.5

Figure 4-1. Osteophytes are
caused by subperiosteal bone for-
mation, which results from eleva-
tion of the periosteum by disc
bulging (A). A spondylotic ridge
then develops (B and C). This
commonly encroaches upon the
spinal canal in the cervical and
lumbar regions, because the lor-
dotic spinal curvature causes the
disc bulging and osteophyte for-
mation to occur toward the spinal
canal (D). This is less common in
the thoracic region, because the
concavity is oriented away from
the spinal canal. (From Benzel,
EC,5 with permission.)

A, B, C D
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Extradiscal Soft Tissue
Involvement

Soft tissue pathological processes, in addi-
tion to discogenic and facet joint degener-
ation, contribute to spondyliotic condi-
tions. Hypertrophy and buckling of the
ligamentum flavum is involved in the de-
velopment of myelopathy in patients with
cervical spondylotic myelopathy.5

aberrant physiological responses to stress
placed upon the spine, and the resulting
accelerated deterioration of the integrity
of spinal elements, underly the pathologi-
cal process regardless of the disease entity
or region of the spine involved. Before
one can appreciate one of the degenera-
tive processes and its accompanying pa-
thology, one must appreciate the normal
physiological processes involved with the
disc interspace and related structures.5

The Degenerative Process

The degenerative process as a whole in-
volves the disc interspace, facet joints,
and intra- and paraspinal tissues. Degen-
erative changes of the intervertebral
disc include one or a combination of
four processes: (1) loss of disc interspace
height, (2) irregularities in the disc end
plate, (3) sclerosis of the disc margins,
and/or (4) osteophyte formation. Soft tis-
sue proliferation may accompany these
processes as an associated phenomenon,
or may be a primary process. Degenerative
disc disease is defined by Kramer as biome-
chanical and pathological conditions of the in-
tervertebral segment caused by degeneration,
inflammation, or infection.9 As with the
changes associated with disc interspace
degeneration, facet joint degenerative
changes are also associated with an in-
creased laxity in movement. As the degen-
erative process proceeds, however, an ele-
ment of stability is often acquired (spinal
restabilization).15

Intra- and paraspinal tissue changes in-
cluding calcification, and hypertrophy are
commonly associated with spondylosis
(e.g., hypertrophy of the ligamentum
flavum), rheumatoid arthritis (e.g., bursa
inflammation and pannus formation), and
OPLL (ossification and hypertrophy of the
posterior longitudinal ligament) (Fig.
4-4A and B). Ankylosing spondylitis per
se typically does not predispose to disc
herniation. It, however, is associated with
increased stability via decreased allowed
motion.5 (see chapter 9)

The pathogenesis of degenerative disc
disease varies, depending upon the un-
derlying disease process. Fundamentally,

Anatomy and Physiology of the
Disc Interspace

A great deal of work has been done on the
disc interspace.9,10 The disc interspaces
contribute approximately 20% to the
height of the spine. The disc consists of an
outer annulus fibrosus and an inner nu-
cleus pulposus. It is bordered rostrally
and caudally by a cartilaginous plate. The
latter is part of the vertebral body and is
composed of hyaline cartilage.

To retain water, fluid movement must
occur against a very steep pressure gradi-
ent, since the pressure within a disc is
much higher than that outside a disc. The
mechanism through which this occurs is
via osmotic pressure driven counter to hy-
drostatic pressure. In equilibrium, the fol-
lowing equation describes the case.5

Extradiscal hydrostatic pressure +
intradiscal oncotic pressure =

Intradiscal hydrostatic pressure +
extradiscal oncotic pressure

The tissue pressure outside the disc plus
the oncotic pressure within the disc equals
the tissue pressure inside the disc plus the
oncotic pressure outside the disc. When-
ever one side of the equation outweighs
the other side (e.g., secondary to weight
bearing), equilibrium is disrupted and a
movement of fluid across the disc's semi-
permeable membrane occurs. Increased
weight bearing causes intradiscal fluid to
escape via hydrostatic forces. This in-
creases the concentration of macromole-
cules (long molecules that are contained
within the disc because they cannot pass
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Figure 4-2. Spondylotic ridges (osteophyte formation), associated with scoliosis, predominantly occur on the
concave side of a curve—i.e., on the side of chronic or long-term annulus flbrosus bulging (A). This is demon-
strated at two separate levels, on opposite sides of the spine, in a patient with a biconcave curve (B). (From Ben-
zel, EC,5 with permission.)

through membranes) within the disc inter-
space, and results in an increase in in-
tradiscal oncotic pressure. The macro-
molecules take up fluid due to their
hydroscopic capacity. This, in turn, in-
creases the absorption capacity of the disc.

In addition to the biomechanical effects,
this fluid movement allows for nutrient
and waste product passage across the
membrane. Therefore, the greater the ac-
tivity of the patient, the more active this
form of transport. Traction is obviously a

mechanism by which the intradiscal pres-
sure can be reduced, thus causing an in-
crease in intradiscal water content and an
increase in disc height. These points are
summarized in Figure 4-5.5

Biomechanics of the Intervertebral
Motion Segment

During the axial loading of a disc inter-
space, the intradiscal pressures are sym-

A
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Figure 4-2.—Continued

metrically distributed. Eccentrically placed
loads, however, result in the asymmetric
distribution of pressures within the disc.
This, in turn, causes the nucleus pulposus
to move within the disc from a region of
high pressure (high load) to a region of
low pressure (low load); e.g., forward flex-
ion results in the dorsal migration of the
nucleus pulposus. Conversely, the annulus
fibrosus responds to asymmetric force ap-
plication to the disc interspace by bulging
on the side of the of the disc with the
greatest stress applied; i.e., the annulus fi-
brosus bulges on the side opposite the di-
rection of migration of the nucleus pulpo-
sus (Fig. 4-6).5 Although these concepts

were discussed and illustrated earlier in
this chapter, their importance makes them
worthy of reiteration here.

Spinal Configuration

Surgical approaches to both decompres-
sion and stabilization of degenerative
diseases of the spine often include a com-
bination of decompression, fusion, and in-
strumentation, performed from either or
both of a combination of ventral or dorsal
exposures. The most appropriate surgical
approach utilized for any given spinal dis-
order, including the application of an in-

B
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B

Figure 4-3. Dorsal view of the intervertebral segment with pedicles and laminae removed. The application of
an axial load, lateral bending, and flexion causes the nucleus pulposus to migrate in the direction of the region
of the annulus fibrosus that is under tension and prone to tearing (A). This may result in disc herniation in the
dorsal paramedian location if the disc is degenerated (and thus predisposes it to pathological migration) (B).
(From Benzel, EC,5 with permission.)

strumentation construct, should be deter-
mined, at least in part, by considering the
intrinsic curvature of the spine.5

THE CERVICAL SPINE

In the cervical spine, the spondylotic de-
generative process results in a loss of
height, predominantly of the disc inter-

space. This loss of height begins in the
ventral aspect of the disc. Initially, the disc
space is thicker ventrally than dorsally.
This contributes to the normal cervical
lordosis. As the ventral height of the disc
interspace decreases, the lordotic posture
is diminished, and eventually is lost. This
"straightening" of the spine then increases
the forces placed on the ventral aspects of

Figure 4—4. CT scan of the cervical spine showing ossification of the posterior longitudinal ligament (arrows).
(A) Sagittal view. (B) Axial view. (Courtesy of Dr. Richard Becker.)

A

A B
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Figure 4-5. Osmotic and hydro-
static factors affecting the disc in-
terspace (after Kramer9). Note
that an increased intradiscal pres-
sure, resulting from an increase
in weight-bearing, causes fluid to
migrate out of the intradiscal
space (arrows). This, in turn, in-
creases the concentration of
macromolecules and the oncotic
pressure within the disc space
(+). Hence the absorption capac-
ity of the disc is increased. De-
creasing intradiscal pressure has
the opposite effect. (From Benzel,
EC,5 with permission.)

Figure 4-6. An axial load causes an equally distrib-
uted force application to the disc (A). An eccentric
force application results in annulus fibrosus bulging
on the side of the greatest force application—i.e., the
concave side of the bend (B). The nucleus pulposus
moves in the opposite direction (C). Dashed lines in-
dicate the positions of structures during force appli-
cation. (From Benzel, EC,5 with permission.)

the vertebral bodies by increasing the
length of the moment arm through which
the forces are applied. This exposes the
ventral aspect of the vertebral body to in-
creasing stresses and to a tendency to
develop compression fractures. As the loss
of lordosis progresses and the kyphosis-
producing forces placed on the spine in-
crease, the vertebral bodies begin to lose
height ventrally more than dorsally, via
"compression fractures" (Fig. 4-7). This
process is "encouraged" by the gradual
loss of calcium in patients with osteoporo-
sis. The collapse of the disc interspace and
the vertebral body results in a forward
bending of the dural sac and spinal cord,
which contributes to the overall pathologi-
cal relationship between the neural ele-
ments and the surrounding bony and soft
tissues (Fig. 4-7B and C).5

Since the assessment of the curvature of
the spine is imperative regarding appro-
priate decision making, a precise defini-
tion of curvature types is important. An
effective cervical kyphosis is defined as a con-
figuration of the cervical spine in which
any part of the dorsal aspect of any of the
C3-7 vertebral bodies crosses a line drawn
in the midsagittal plane (on a lateral cervi-
cal spine tomogram, myelogram, or MRI)
from the dorsocaudal aspect of the verte-
bral body of C2 to the dorsocaudal aspect
of the vertebral body of C7. Conversely, an
effective cervical lordosis is a configuration of
the cervical spine in which no part of the
dorsal aspect of any of the C3-7 vertebral
bodies crosses this line. The definition of

A

B

C
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Figure 4-7. In a nonpathological situation, where the dorsal intervertebral disc height is less than the ventral
height, normal lordotic curvature in the cervical spine results (A). Ventral disc interspace height loss (via the
typical degeneration process) results in the loss of the nonpathological lordotic posture (B). This elongates the
moment arm applied to the spine, d, leading to ventral vertebral body compression. A further exaggeration of
a pathological kyphotic posture may then ensue (C). (From Benzel, EC,5 with permission.)

this "imaginary" line is associated with a
zone of uncertainty ("gray zone") within
which surgeon bias and clinical judgment
play a role in the determination of
whether lordosis or kyphosis is the pre-
dominant spinal configuration in the mid-
sagittal section (Fig. 4-8). If, in the opin-
ion of the surgeon, there is no gray zone
(i.e., only an "effective" kyphosis or an "ef-

fective" lordosis is possible), then surgical
decision making is simpler. On the other
hand, if a gray zone exists, the decision-
making process is more complex. Patients
whose spinal configuration falls in the
gray zone, should perhaps be defined as
having a "straightened" spine.5

The surgical indications for myelopathy
associated with degenerative diseases

C
A B

Figure 4-8. A midsagittal section of a cervical spine (as observed by MRI or myelography) configured in lor-
dotic posture ("effective" cervical lordosis). A line has been drawn from the dorsocaudal aspect of the vertebral
body of C2 to the dorsocaudal aspect of the vertebral body of C7 (solid line). The gray zone is outlined by dot-
ted lines (A). A midsagittal section of a cervical spine that is configured in kyphosis ("effective" cervical kyphosis)
(B). Note that portions of the vertebral bodies are located dorsal to the gray zone. (C) A midsagittal section of a
"straightened" cervical spine. Note that the most dorsal aspect of a cervical vertebral body is located within, but
not dorsal to, the gray zone. (From Benzel, EC,5 with permission.)

A B C
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vary.5,11-13 Ventral as well as dorsal decom-
pressive approaches to degenerative and
inflammatory diseases of the spine should
be used in patients in whom the given ap-
proach to spinal decompression (and sta-
bilization) is associated with a high proba-
bility of success.12,14,17 Spinal geometry is
an important determinant of the appro-
priateness of either the ventral or the dor-
sal approach in individual situations.14,15

The presence of an "effective" lordosis
may be a relative indication for a dorsal
approach, whereas the presence of an
"effective" kyphosis may be a relative in-
dication for a ventral approach to the
pathology.

THE THORACIC SPINE

In the thoracic spine, disc height loss (pre-
dominantly ventral disc height loss) re-
sults in progression of kyphotic deformity
that can be superimposed upon a pre-
existing kyphotic deformity. Therefore,
there is progressive exaggeration of the
deformity. This is, in part, the case in
Sheuermann's disease.

The stability conferred by the rib cage
to the thoracic spine minimizes the pro-
gression of the thoracic kyphosis due to
degenerative changes.5 This stability is
predominantly related to the rib's attach-

ment to the vertebral and costovertebral
joints, and particularly to the sternum.9,10

THE LUMBAR SPINE

The lumbar spine is not protected by the
rib cage like the thoracic region is. Fur-
thermore, the coupling response to move-
ments is opposed to those observed in the
cervical region. Coupling is defined here
as the obligatory movement along or
about one axis in response to movement
along or about another axis (Fig. 4-9). De-
generative rotatory scoliosis is an example
of the coupling phenomenon. This is at-
tributed to the absence of the uncoverte-
bral joints and the different orientation of
the facet joints. These factors all con-
tribute to the progression of lateral bend-
ing deformities in the lumbar spine,
rather than the kyphotic deformities ob-
served in the cervical and thoracic spine.
An asymmetric loss of height of the lum-
bar intervertebral disc may progress to an
asymmetric collapse of the vertebral body.
If this lateral bending (scoliotic deformity)
occurs and progresses, it is associated with
an obligatory rotation of the spine that is
caused by the coupling characteristics of
the lumbar spine. Similarly, osteophytes
occur on the concave side of the curvature
(Figs. 4-1 and 4-2).5

Figure 4-9. Perhaps the most im-
portant manifestation of the cou-
pling phenomenon is the rela-
tionship between lateral bending
and rotation in the cervical and
lumbar regions. This is depicted
diagramatically (A) and anatomi-
cally (B). Note that the coupling
phenomenon results in rotation,
in opposite directions, in these
two regions. Also note that the
thoracic spine does not exhibit
significant coupling. (From Ben-
zel, EC,5 with permission.)

® ©
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The obligatory association of a rotatory
deformity with a lateral bending defor-
mity (coupling) makes lumbar spinal in-
strumentation surgery more difficult and
dangerous. Lateral transverse process dis-
section can result in injury to the nerve
roots because of their relatively dorsal
location with respect to the transverse
processes, while deformity correction by
distraction of the concave side of the spine
may result in the stretching of shortened
and tethered nerve roots. Proximal (in-
tradural) nerve roots are much less toler-
ant of stretching because of their lack of
perineurium compared to their more pe-
ripheral nerve counterparts.5

Normal Posture

The cervicothoracic and thoracolumbar
junctions are transition zones between
kyphotic and lordotic postures. The lum-
bar spine again assumes a lordotic pos-
ture, much like that of the cervical spine.
The clinical impact of degenerative
changes on spinal curvature in the tho-
racic and lumbar spine is not as evident as
it is in the cervical spine. Normal thoracic
kyphosis can be exaggerated in the degen-
erated spine. This occasionally causes or
contributes to spinal cord compressive
processes and predisposes the spine to
further deformation. Lumbar lordosis can
precipitate or exaggerate sagittal plane
translation deformities (Fig. 4-10).5

Figure 4a-10. An exaggeration of the normal lumbar
lordosis places excessive translational stresses on the
lumbosacral junction when the patient is upright.
This may result in a parallelogram-like translational
deformation at the lumbosacral junction (arrow)
(From Benzel, EC,5 with permission.)

CERVICAL SPONDYLOSIS AND
CERVICAL SPONDYLOTIC
MYELOPATHY (CSM)

In 1911, Bailey and Casamajor18 reported
on a series of patients with cervical
spondylosis. They speculated on the
pathogenesis of the disorder suggesting
that a thinning of the intervertebral disc
was the primary pathological event lead-
ing to trauma of the adjacent vertebral
bodies and bony overgrowth. This disease
mechanism for spondylosis is still favored
today (see above). The authors further
suggested that dorsally placed osteophytes
could cause spinal cord compression.
Some years later, Stookey19'20 classified ex-
tradural cervical chondromas into three
clinical groups: (1) midline ventral lesions
compressing both sides of the spinal cord;
(2) lesions just lateral to the midline that
compress only one half of the spinal cord,
producing a Brown-Sequard syndrome;
and (3) lesions that are laterally placed
that compress only the cervical nerve root.
Thus the protean clinical manifestations
of cervical spondylosis were recognized in
the first decades of this century. It was not
until 1934, though, that the chondromata,
which had previously been considered
neoplastic in origin, were recognized as
protrusions of intervertebral discs.21-23 In-
terested readers may wish to read more
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about the history of cervical spondylotic
myelopathy.24'25

A study from 195426 found that among
individuals without neurologic complaints,
there was radiological evidence of cervical
spondylosis in 50% of individuals over the
age of 50 years and in 75% of those over
65. Limitation of neck movement was
found in 40% of those over 50. Further-
more, 60% had some neurologic abnor-
mality referable to cervical spondylosis.

Pathogenesis

Although no portion of the cervical spine
is immune to the development of spondy-
losis, the lower cervical spine is most vul-
nerable. The reason is uncertain but has
been considered to be due to its extensive
mobility.3,27 During flexion and extension,
the vertebral bodies "roll" on one another,
with the nucleus pulposus of each inter-
vertebral disc acting as a ball bearing.28 As
discussed above, the water content of the
intervertebral disc declines with age, and
the nucleus pulposus becomes replaced
with fibrocartilage, resulting in narrowing
of the disc space. This process is super-
imposed upon the spinal configuration
changes that frequently accompany the
degenerative process (see above). Degen-
eration of the annulus fibrosus results in
tears that allow bulging or frank hernia-
tion of disc material into the spinal canal.

With this change in architecture, the
ball-bearing movement at the interverte-
bral joint is lost and is replaced by a slid-
ing motion that places stress on the ante-
rior and posterior longitudinal ligaments
and vertebrae, resulting in osteophyte for-
mation.27 Most commonly, disc degenera-
tion occurs at multiple levels with aging.
Therefore, spondylosis is typically ob-
served at more than a single level. How-
ever, when a single intervertebral disc
herniates, the spondylotic process may
proceed at that level without involvement
elsewhere, via a similar mechanism.29

Although there has been controversy
surrounding the pathogenesis of GSM,
the most important factors appear to be
spinal canal size, impairment of blood
supply to the spinal cord, and mechanical

factors.30,31 The observation that the an-
teroposterior diameter of the spinal canal
of patients with CSM is, on average,
smaller than that of patients without
myelopathy suggests that simple compres-
sion should in part explain the myelo-
pathy.32,34 In an anatomicopathological
study of the cervical spines of patients with
myelopathy secondary to cervical spondy-
losis, Payne and Spillane33 found that the
average anteroposterior diameter of the
spinal canal at the C4-7 levels was smaller
in those with myelopathy. Although
spondylosis reduced the diameter of the
vertebral canal of all patients, those pa-
tients with CSM had congenital spinal ca-
nal diameters that were smaller than those
with spondylosis, but without myelopathy.
As the degenerating cervical disc nar-
rowed, the resulting apposition of the ver-
tebral bodies caused deformity of the
uncovertebral joints, narrowing of the in-
tervertebral foramen, and formation of an
osteophytic bar along the ventral spinal
canal wall. Although in population studies
there is a correlation between a narrow
sagittal diameter of the spinal canal and
CSM, there is a considerable degree of
overlap between the frequency histograms
for the minimum anteroposterior diame-
ter of the asymptomatic population and
those with CSM.31

Brain suggested that interfering with the
blood supply to the spinal cord is a proba-
ble cause of spondylotic myelopathy.35

Pathological studies have supported this
hypothesis,36,37 and Allen's observation of
blanching of the spinal cord with neck flex-
ion during laminectomy further corrobo-
rates this ischemic explanation.38 It has
been noted however, that the temporal
profile of patients with CSM is unlike that
of other ischemic disorders.27 In addition,
anterior spinal artery thrombosis has only
rarely been verified pathologically.39

An alternative hypothesis for CSM
pathogenesis that has found considerable
support is as follows. As the neck naturally
moves, the spinal cord is intermittently
compressed and injured.3,27,30,40,41 When
the neck is flexed and extended, the
spinal cord moves rostrally and caudally
in the spinal canal.42-44 During hyperex-
tension, the ligamenta flava bulge, thereby
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compressing the spinal cord dorsally.45

Given the triangular anatomical configu-
ration of the cervical spinal canal, a hyper-
trophied and bulging ligamenta flava
compress the posterior and lateral
columns and the dorsal root entry zone.46

In addition, during extension, the cross-
sectional area of the cervical spinal cord
has been found to enlarge.42,47 These find-
ings may explain the occasional exacerba-
tion of symptoms and myelographic and
manometric block that are encountered in
patients with hyperextension of the cervi-
cal spine and the clinical improvement
that is often observed when the neck is im-
mobilized with a collar.27,43 Symptoms and
signs may also be exacerbated with neck
flexion. In this case, the spinal cord is in-
jured as it is stretched over a ventral osteo-
phytic bar during flexion.29,42-44

The pathogenesis of radiculopathy sec-
ondary to cervical spondylosis is usually
considered to be due to compression of
the nerve root, arising from adjacent os-
teophytes.26 However, patients may have
narrowed intervertebral foraminae with-
out associated radiculopathy, or radicu-
lopathy without radiographic signs of nar-
rowing of the intervertebral foramen.48

Imaging studies of the intervertebral
foraminae, with the spine in a neutral po-
sition, may not reveal narrowing that may
be present when the neck is extended.47,49

Such narrowing may contribute to nerve
root compression with extension and thus
also explain the improvement observed, at
times, when the neck is immobilized with a
collar or surgical foraminotomy. Further-
more, radiculopathy might be aggravated
during flexion of the neck secondary to
stretching of the nerve root.43

Pathology

While any level may be involved, cervical
spondylosis occurs most frequently at the
interspaces C3-4 to C6-7. The C5-6 level
is the most commonly affected. The most
easily recognized pathologic finding is os-
teophytes at the level of the affected inter-
vertebral joint space. Such osteophytes
form transverse bars that may extend the
entire width of the spinal canal or involve

only a portion of it. Laterally placed
bulging soft tissue and osteophytes may
narrow the adjacent intervertebral foram-
ina. The dura may be thickened and ad-
herent to the adjacent bone.2

The spinal cord is often indented at the
level of the offending osteophytes and
may show a broad range of pathology,
from minor changes to severe destruction
(Fig. 4-11). The spinal cord is usually flat-
tened in an anteroposterior direction.
Hughes2 has classified the changes into
four groups: (1) dorsal long tract degener-
ation that is more prominent at the C1
level than the Tl level; (2) lateral tract de-
generation that is more prominent at the
Tl level than the Cl level; (3) white mat-
ter destruction, for example, myelin pal-
lor or necrosis; and (4) gray matter de-
struction, for example, ischemic changes
or neuronal loss.

The pathological findings in patients
with cervical spondylotic radiculopathy
appear to be even more sparse than
those in patients with CSM.27 The un-
covertebral osteophyte is often responsi-
ble for the foraminal narrowing.2 Because
on pathological examination spondylotic
radiculopathy and myelopathy are often
seen together the findings secondary to
radi-culopathy alone can be obscured.
Nevertheless, because spondylotic radicu-
lopathy typically involves part of the
root proximal to the dorsal root gan-
glion, Wallerian degeneration may be
observed in the posterior columns ros-
tral to the root compression.

Clinical Features

The clinical features of cervical spondy-
lotic radiculopathy and CSM are pre-
sented together because they are often
found simultaneously. Symptoms may be-
gin in either the upper or lower extremi-
ties. As in other forms of spinal cord com-
pression, the symptoms and signs may
include pain and motor, sensory, or
sphincter disturbances.

Symptoms most frequently begin be-
tween 50 and 70 years of age but may oc-
cur earlier or in advanced years. Men are
affected more frequently than women.50
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Figure 4-11. (A) The spinal canal is
shown following a laminectomy in a case
of cervical spondylosis. The spinal cord
has been removed and spondylotic bars
are seen bulging into the spinal canal.
(B) The anterior aspect of the spinal cord
is seen to contain indentations which
have occurred secondary to the spondy-
lotic bars. (C) A transverse section
through the C6 level of the spinal cord
has been indented. Leptomeningeal fi-
brosis and vascular proliferation within
the cord is seen. Hematoxylin and Van
Giesen, X 8. (From Hughes, JT,2 with
permission.)

The clinical history typically is one or two
years but may extend over only weeks or
date back over more than a decade. The
symptoms may develop progressively or in
a stepwise fashion, with remissions be-
tween periods of deterioration. Symptoms
and signs may develop for the first time or
be aggravated following injuries such as a
fall, motor vehicle accident, or hyperex-
tension of the neck (Fig. 4-12).

Pain in the neck, shoulder, and/or arm
is a common presenting complaint. Pain
may radiate in a radicular distribution and

is usually dermatomal. However, it occa-
sionally may occur in the distribution of
the affected myotome. Muscle spasm usu-
ally occurs, resulting in a tilted and ro-
tated posture, and pain which can arise
from spasm. Paresthesias, fasciculations,
and muscle weakness in the distribution of
the affected nerve roots are often encoun-
tered. Reduction in the biceps (C5, C6,
brachioradialis [C5, C6], or triceps [C7])
reflexes may be observed. These de-
pressed deep tendon reflexes may be asso-
ciated with hyperactive reflexes caudal to

(a) (b)

<c)
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Figure 4-12. Clinical course of cervical spondylotic myelopathy. (A) Pattern of disease in 22 patients who had
symptoms for more than 10 years. (B) Pattern of disease in 22 patients who had symptoms for 10 years or less.
Each "block" represents the initial symptom or an exacerbation of symptoms. Between blocks, the horizontal
lines represent periods in which no new symptoms or signs of myelopathy developed; the patients were stable
or improving. The vertical line on the right represents the last follow-up or death (indicated by cross at far
right). (From Lees, F and Turner, JWA,78 with permission.)

the level of spondylosis, when radiculopa-
thy and myelopathy simultaneously occur.
When a depressed brachioradialis reflex is
associated with hyperactivity of the finger
flexors, the resulting reflex on stimulation
of the brachioradialis is termed inverted
finger flexors and may be a valuable local-
izing finding. Radicular symptoms and
signs may be observed at levels of myelo-
malacia a few segments above and below
the level of the spondylotic osteophyte.
These areas, which may be secondary to
ischemic changes, may create a perplexing
clinical picture by causing lower motor
neuron signs at multiple levels above and
below the level of spondylosis.51

The symptoms and signs of myelopathy
include spasticity, weakness, sensory find-
ings, and bowel and bladder complaints.
Often, the earliest findings of CSM are re-
duced distal vibratory sensation with ex-

aggeration of deep tendon reflexes and,
occasionally, Babinski signs.50 Although
the patient may complain only of unilat-
eral lower extremity symptoms, the neu-
rologic examination usually reveals signs
of bilateral disturbance of long tract func-
tion. Spasticity is an especially prominent
sign, and jumping legs may be reported.
Sensory complaints in the lower extremi-
ties often are not prominent. When sen-
sory abnormalities are found in the lower
extremities, vibratory sensation usually is
more impaired than position sense. Pain
and temperature are typically unimpaired
unless spinal damage is advanced.50 Lher-
mitte's sign is often reported. Distur-
bances of sphincter function are late phe-
nomena and generally do not occur in the
absence of advanced spinal cord dysfunc-
tion, which manifests itself earlier by dys-
function of other modalities.

A
B
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Laboratory and Imaging Studies

Laboratory studies are usually unremark-
able in patients with cervical spondylosis.
Cerebrospinal fluid examination is typi-
cally normal or shows a nonspecific eleva-
tion in protein concentration.52 Mano-
metric testing may demonstrate a block,
especially when the neck is extended.

Plain radiographs of the cervical spine
most frequently show narrowing of the in-
tervertebral disc space(s), with adjacent
osteophytes narrowing the spinal canal
and/or the intervertebral foramina, and
sclerosis of the vertebral endplates, but of
course they do not image the spinal cord
or nerve roots directly. Osteophytes may
develop on the facet joints and uncoverte-
bral joints as well.53 A range of normal di-
mensions of the sagittal diameter of the
cervical spinal canal have been reported
elsewhere.33,53,54 Although there is not a
good correlation between specific findings
on plain radiographs and the clinical man-
ifestations,50 it has been suggested that if
the anteroposterior dimension is greater
than 13 mm, spinal cord compression
from spondylotic changes alone is un-
likely.55 Plain radiographs may also serve
as a valuable adjunct to MRI (see below). A
frequent clinical pitfall lies in errone-
ously attributing neurologic symptoms to
spondylosis in cases where these common
radiological findings are incidental and
asymptomatic.

In the setting of cervical spondylosis,
myelography may show any of the follow-
ing, alone or in combination: (7) ex-
tradural defects from osteophytes, disc
material, ligamenta flava and other associ-
ated spondylotic changes protruding into
the spinal canal; (2) nonfilling of nerve
root sleeves; (3} flattening and widening of
the spinal cord (that may simulate an in-
tramedullary mass lesion, especially when
viewed in the anteroposterior projection
alone); and (4) obstruction to the flow of
contrast, that may be exacerbated by ex-
tension of the neck.53 Others have also
emphasized that myelography has been
valuable in demonstrating a functional or
dynamic relationship between the osteo-
phytes and spinal cord in that flexion-

extension views may reveal changing cord
compression that may not be evident on
static views.56,57

A CT may demonstrate the dimensions
of the spinal canal and reveal the location
of osteophytes in relation to the interver-
tebral foramina and spinal cord. In pa-
tients with cervical radiculopathy due to
spondylosis, CT may confirm the presence
of the offending osteophyte.58,59 A CT-
assisted myelography was compared to
myelography, CT, and MRI by Brown and
colleagues in a group of preoperative pa-
tients.60 These authors found that CT-
assisted myelography provided better im-
age resolution than myelography or CT
scanning alone. The CT-assisted myelog-
raphy was equivalent to MRI in revealing
most herniated discs but was superior to
MRI in detecting osteophytes adjacent to
herniated discs. Plain films were helpful in
identifying osteophytes when correlated
with the MR images. The rapid evolution
in MRI technology will hopefully bring
with it an enhanced ability to distinguish
bone from soft tissue.

The combination of plain radiographs of
the cervical spine with flexion-extension
views, read in conjunction with MRI, has
been found to be more sensitive and spe-
cific for a diagnosis of causes of spinal
canal, stenosis, herniated discs, and in-
tradural lesions than observed in most pa-
tients undergoing CT-assisted myelogra-
phy alone.56 Given the additional benefit
that MRI is noninvasive, it is has been rec-
ommended that for the initial evaluation
of patients suspected of having cervical
spondylotic myelopathy, MRI should be
performed first with plain radiographs if
needed. Following these studies, if the in-
formation obtained is suboptimal or inade-
quate, CT and/or CT-assisted myelography
may be helpful in selected patients.53,56,61-63

In cases of CSM, CT may demonstrate
hypodense intramedullary cavitations of
the spinal cord that extend above and be-
low the levels of spondylotic cord com-
pression.64 Following the intrathecal ad-
ministration of contrast material, many
patients have delayed enhancement of the
gray matter at and near the level of the
spondylotic bar.65,66 These lesions have
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been described as looking like snake eyes
or fried eggs when visualized in the axial
projection. These abnormalities correlate
with the histological finding of necrosis in
the central gray matter in cases of CSM.67

Extending several levels from the spondy-
lotic bar, pencil-shaped softenings re-
ported to occur in cases of spinal cord
compression and ischemia68 have been vi-
sualized with CT.66 Snake eyes and pencil-
shaped zones have been observed on MRI
of the spinal cords of CSM patients.69

These findings may explain the neuro-
logic changes that occur distant from the
level of spondylosis, such as atrophy, and
fasciculations of the hand muscles with
spondylosis at the midcervical levels.51,70

Magnetic resonance imaging is an excel-
lent modality for the visualization of a nar-
rowed spinal canal associated with thecal
compression due to cervical spondylosis
and degenerative disc disease.56,71 Addi-
tionally, herniated discs and their relation-
ship to the cord and neural foramina can
be visualized. The MRI can reveal cord
signal abnormalities on T2-weighted im-
ages at the site of compression which may
signal evidence for edema, demyelination,
gliosis, or myelomalacia (Fig. 4-13).72

Braakman56 has advocated surgical de-
compression in patients with minimal clin-
ical findings but with appreciably abnor-
mal T2 signal change.

Matsuda and colleagues73 have studied
the preoperative and postoperative MRI
appearance of cord abnormalities in pa-
tients with cervical spondylotic myelopa-
thy. In their study, the severity of preoper-
ative T2-weighted cord signal abnormaities
correlated with the degree of clinical im-
pairmant. Postoperatively, the cord signal
abnormality again tended to parallel the
clinical evolution of the patient. Thus T2-
signal abnormalities generally improved
in patients with clinical recovery and
tended to not improve or worsen in those
who did not improve clinically or actually
worsened. Postoperatively, the cord diam-
eter may increase following successful de-
compression.56,73,74 Alternatively, postop-
erative MRI may demonstrate that the
reason for poor clinical outcome is inade-
quate decompression or cord atrophy, as
reported by Clifton et al.75

Figure 4-13. An MRI revealing cervical spondylosis
resulting in spinal stenosis and cord compression.
Focal cord signal abnormality (arrow) is seen within
the spinal cord secondary to compression. (Courtesy
of Dr. Richard Becker.)

Differential Diagnosis

In its complete form, CSM is usually read-
ily recognized as consisting of neck pain
and brachialgia, radicular motor-sensory-
reflex signs in the upper extremities, and
myelopathy. However, other causes of
spinal cord compression, such as neo-
plasms and syringomyelia, may cause
symptoms and signs that are difficult to
differentiate from cervical spondylosis on
the basis of the clinical history and physi-
cal examination alone. This problem is
compounded by the fact that an erroneous
clinical diagnosis of CSM might be sup-
ported by the presence of coincidental and
asymptomatic spondylosis observed on
imaging studies. It is wise to remember
that cervical spondylosis most commonly
involves the lower cervical spine. Clinical
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manifestations that point to other cervical
levels or, certainly, to thoracic levels, are
atypical of spondylosis.

Extradural spinal neoplasms are usually
associated with a more rapid temporal
clinical evolution than spondylosis. In ad-
dition, there is often (although not invari-
ably) a history of prior malignancy, and
imaging studies generally show signs
of neoplasm. Similar to spondylosis, in-
tradural-extramedullary neoplasms may
have a very long clinical history. Imaging
studies may show widening of the spinal
canal rather than narrowing. Intramedul-
lary neoplasms and syringomyelia most
frequently occur in younger age groups
than is typical for cervical spondylosis. Fur-
thermore, these intramedullary processes
often give rise to dissociated sensory dis-
turbances (loss of pain and temperature
function with preservation of vibration
and position sensation) in a cape-like dis-
tribution. Cervical spine plain radiographs
usually show widening of the spinal canal
rather than narrowing. The MRI has been
useful in identifying intramedullary mass
lesions.

Noncompressive forms of myelopathy
such as multiple sclerosis (MS), subacute
combined degeneration, and amyotrophic
lateral sclerosis (ALS) may rarely present
as clinical syndromes similar to CSM. With
MS there is often a history, or findings on
examination, of disease above the fora-
men magnum such as optic neuritis, nys-
tagmus, or internuclear ophthalmoplegia.
Although progressive spinal forms do oc-
cur (especially in middle-aged individu-
als), MS is typically a disease with re-
mission and exacerbations that occurs
most frequently in younger individu-
als.76,77 Early impairment of sphincter
function also is often observed, whereas it
is atypical with CSM. Localized nerve root
signs in the upper extremities are very un-
usual in patients with MS. The CSF,
evoked potentials, and MRI usually differ-
entiate demyelinating disease from CSM.

Motor neuron disease or ALS produces
motor disturbances without sensory find-
ings. Unlike spondylosis, pain is not typi-
cal, and eventually signs of lower motor
neuron disease are observed in muscles
above the foramen magnum. The CSF

and spine imaging studies are not reveal-
ing in ALS.

Subacute combined degeneration sec-
ondary to vitamin B12 deficiency has
protean clinical manifestations. Unlike
spondylosis, however, neck pain is not
characteristic. Signs of peripheral neu-
ropathy are often present. Loss of position
sense in the lower extremities is more of-
ten observed with this kind of combined
systems disease than in cervical spondylo-
sis. Laboratory studies are usually diag-
nostic.

Natural History

There are few studies of the natural his-
tory of CSM. Lees and Turner78 reported
their findings on the long-term follow-up
of 44 patients who had CSM at the time
they first visited the Neurology Depart-
ment of St. Bartholomew's Hospital. Only
eight of these patients underwent surgical
intervention. The clinical course of CSM
in these patients is shown in Figure 4-12.
The maximal disability and disability at
follow-up among the same patients is
shown in Table 4-1. The authors con-
cluded that in most patients, CSM is a
chronic disorder characterized by long pe-
riods of nonprogressive disability inter-
rupted by shorter periods of exacerbation
of myelopathy. Disability may improve
with conservative management alone
(Table 4-1). In a minority of patients,
these authors found that the course of
CSM is characterized by progressive dete-
rioration.

In another study of the long-term prog-
nosis of CSM, Epstein and associates79

found that among 114 nonsurgical pa-
tients culled from the literature, 36% im-
proved, 38% remained stable, and 26%
deteriorated. They found that when pro-
gressive myelopathy does occur, it may
show a pattern of stepwise worsening in-
terrupted by long periods of stability, im-
provement, or slow deterioration; the in-
tervals of stability or improvement may
last for many years. Alternatively, deterio-
ration may be slow and steady, without re-
missions or stabilization. LaRocca con-
cluded that it is not possible to predict the
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Table 4-1. Disability and Employment of Patients with
Cervical Spondylotic Myelopathy*

*From Lees, F and Turner, JWA.78 p. 1608, with permission.

clinical course precisely in an individual
patient.80 Unfortunately, this variability in
prognosis jeopardizes the assessment of
therapy and leads to controversy in the
management of CSM.

Management

In general, the neck pain of cervical
spondylosis can be successfully managed
with rest, local heat, collar, antiinflam-
matory agents, and analgesics. Surgery is
considered for patients with progressive,
major neurologic impairment due to
spondylotic radiculopathy unresponsive
to optimal conservative management.

Management of patients with CSM in-
cludes both nonsurgical and surgical
means. In patients without major neuro-
logical deficits or signs of progression, a
conservative approach including rest and
stabilization of the neck with a collar or
neck strengthening exercises is often suc-
cessful. Alternatively, if the patient is mod-
erately or severely disabled from progres-
sive CSM, surgery may be considered.
Surgery should also be considered if the
patient develops signs of progressive
myelopathy despite conservative man-
agement.80 Surgical approaches include
diskectomy and stabilization via a ventral
approach,81 or laminectomy.82

The management of CSM has been
complicated, somewhat by an inconsistent
application of terminology among physi-

cians, particularly with regard to the term
cervical spondylotic radiculomyelopathy.83

Cervical spondylotic radiculomyelopathy
is a "catchall" term that encompasses all
neural compressive phenomena related to
cervical spondylosis. Management issues
are confused by the implication that
radiculopathy and myelopathy are inti-
mately interrelated and that they are thus
treated similarly. This is, perhaps, inap-
propriate. It may be better to consider
myelopathy, radiculopathy, and combined
symptomatic myelopathy and radiculopa-
thy as three separate entities. The ratio-
nale for this is based on the differing clini-
cal manifestations (e.g., myelopathy versus
radiculopathy) and surgical approaches
(e.g., spinal cord versus nerve root decom-
pression) associated with each. Usually,
cervical spondylotic myelopathy (CSM)
encompasses three or more spinal levels
(at least two motion segments),84-87 and
cervical radiculopathy is most often single
level in origin and multifactorial in nature
(e.g., soft versus hard disc).88

The discussion here is limited to the
surgical treatment of the most disabling
and significant aspect of cervical spondy-
losis, CSM, and does not include a discus-
sion of radiculopathy. The surgical ap-
proaches for CSM include (1) multiple
level ventral corpectomies with interbody
fusion, (2) multiple single level discec-
tomies and dural sac decompressions with
accompanying multiple single level inter-
body fusions, (3) utilization of either of the

Maximum Disability at
Disability Follow-up

Duration of
Symptoms Mild Moderate Severe Nil Mild Moderate Severe Unemployed

More than 10 years 1
6

15 1

1
6
5 9

0
0
3

10 years or less 3

9
1 2

8
2

1
8

0
0
3

Totals 4 15 25 2 3 21 18 6
10
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prior two with ventral spinal instrumenta-
tion techniques, (4) spinal fusion without
decompression, (5) cervical laminectomy,
and finally (6) laminectomy with an ac-
companying dorsal fusion.88

Selecting appropriate treatment is
critical for the surgical management of
CSM. First, it involves the selection of
surgical candidates. Second, it involves the
selection of the most appropriate opera-
tion. Surgical failures may be secondary to
either.

Dorsal surgical approaches to spinal ca-
nal decompression have been clearly estab-
lished as safe and efficacious83,89-102 While
ventral and ventrolateral decompression
operations have been strongly recom-
mended for the treatment of CSM,103-110,
some have found the ventrally oriented
approaches to CSM to be less than satisfac-
tory111. Significant neurological and non-
neurological complications associated with
ventral surgical approaches to CSM have
been reported103,106,108,109,111. These may
be related to the complexity and degree of
difficulty of the operation. Since all ventral
operations for CSM require spine fusion,
one must consider the long-term complica-
tions of spinal fusion as well, such as in-
creased spinal laxity and accelerated de-
generative changes immediately above and
below the fusion levels.5 One must also
consider the patient's increased chance of
neural injury, infection (by virtue of the
obligatory increased operation time), and
donor site complications.88

Primary considerations in selecting of
surgical candidates include the extent to
which the patient's symptoms and physical
disability impact upon lifestyle and the
level of confidence the physician has that
these symptoms and disabilities are sec-
ondary to spinal cord compression. Symp-
toms and degree of disability can be read-
ily quantitated.83,85,112,113 Their impact on
the patient's lifestyle can only be ad-
dressed by careful and honest assessment
by the patient and the physician. The
question must be asked: "Is it worth the
risk of surgery to try to alleviate the pa-
tient's symptoms and disability?"88 Ball
and Saunders make a compelling case for
surgical intervention even in less severely
involved patients.88,112

But we may not always be certain that it
is the spinal cord compression (deter-
mined by imaging studies) that is causing
the symptoms and disability. Central ner-
vous system degenerative disorders that
are included in the differential diagnosis
of cervical myelopathy, such as ALS and
multiple sclerosis, can complicate the deci-
sion-making process. These factors must
be considered during surgical candidate
selection.88,112

Prophylaxis against sudden catastrophic
neurologic deterioration114 may be indi-
cated in some patients with mild sympto-
matic disease and significant neural en-
croachment. The risks of the prophylactic
surgery must be weighed against the
chance of catastrophe associated with un-
treated cervical stenosis.

One must keep an open mind regarding
surgical approaches to the treatment of
CSM. Both ventral and dorsal approaches
are indicated in specific situations. Some
clinicians suggest that patients with an "ef-
fective" kyphosis (in the opinion of the
surgeon) and with symptoms of CSM be
treated with a ventral decompressive op-
eration and that patients with an "effec-
tive" lordosis (in the opinion of the
surgeon) be treated with a posterior de-
compressive operative approach. Patients
with "straightened" spines may be treated
either way. Surgeon bias regarding the
management approach to the "straight-
ened" spine, as well as its definition, are
cruxes in the ongoing controversy regard-
ing surgical approach selection.88

SPINAL STENOSIS AND
NEUROGENIC CLAUDICATION

Intermittent claudication, a clinical syn-
drome first described in humans by Char-
cot in 1858, refers to the onset of discom-
fort and weakness in the lower extremities
while walking. These symptoms progres-
sively worsen to a point at which walking
becomes impossible; then they disappear
when the patient stops walking. Although
intermittent claudication is commonly rec-
ognized as occurring secondary to isch-
emia of the muscles of the lower extremi-
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ties and is considered to be a cardinal
symptom of peripheral vascular dis-
ease, intermittent neurogenic claudication
refers to a similar functional disturbance
of the lower extremities that occurs sec-
ondary to disturbances of function of the
spinal cord or cauda equina.115 Distin-
guishing claudication due to peripheral
vascular disease from that of a neurogenic
etiology is a common clinical problem.

Although ischemia of the spinal cord
and cauda equina were originally consid-
ered the cause of neurogenic claudication,
some authors116-118 consider compression
of these neural structures due to spinal
stenosis to be primarily responsible. Re-
cently, these two hypotheses have been
reconciled by a proposed pathophysiologi-
cal mechanism that includes both com-
pressive and ischemic elements.119 The
following discussion reviews the classifica-
tion of spinal stenosis and presents the
pathogenesis, symptoms, and signs of neu-
rogenic claudication.

Types of Spinal Stenosis

In anatomical or imaging terms, spinal
stenosis refers to a reduction in the cross-
sectional area of the spinal canal. It may
be classified as congenital, acquired, or
due to a combination of both.120 Table 4-2
lists examples of causes of spinal stenosis.

CONGENITAL SPINAL STENOSIS

The congenital and developmental forms
of spinal stenosis are usually idiopathic, as-
sociated with Klippel-Feil syndrome121-123

or with achondroplasia.124,125 At the cran-
iocervical junction, stenosis may be sec-
ondary to developmental anomalies of the
foramen magnum, atlas, and axis.124 Pa-
tients with developmental stenosis may
be asymptomatic until superimposed
acquired lesions such as spondylosis,
trauma, or disc disease occur. Spinal
stenosis may be familial.126 Spondylolysis
resulting in spondylolisthesis, malalign-
ment of adjacent vertebrae, may cause
lumbar stenosis with nerve root compres-
sion.126

In patients with developmental stenosis,
the spinal canal tends to be uniformly

Table 4-2. Classification of
Spinal Stenosis*

CONGENITAL-DEVELOPMENTAL

Idiopathic
Achondroplastic
Morquio's disease
Klippel-Feil

ACQUIRED

Degenerative
Spondylolisthetic
Postsurgical
Posttraumatic
Paget's disease
Acromegaly
Steroid-induced lipomatosis
Fluorosis
Ossification of posterior longitudinal ligament
Ossification of the ligamenta flava

COMBINED (ACQUIRED SUPERIMPOSED ON CONGENITAL)

*Adapted from Kricun, R and Kricun, ME,62 p. 398.

stenotic along a region that can extend
several levels along the spinal axis.127 In
addition, the pedicles are usually short
(short pedicle syndrome), which decreases
the anteroposterior diameter of the canal.
Acquired stenosis, on the other hand, usu-
ally is segmental, with areas of nor-
mal spinal canal dimensions apart from
stenotic regions.

In cases of achondroplasia, early fusion
of the neurocentral synchondroses occurs,
resulting in spinal stenosis.128,129 The tho-
racolumbar spine is the region that most
commonly becomes symptomatic. The
stenosis usually becomes symptomatic af-
ter degenerative changes develop that fur-
ther compromise the spinal canal.62,128,129

Other bony abnormalities such as scoliosis
or gibbus deformity are common in con-
junction with achondroplasia and may ag-
gravate symptoms. Cervical spinal stenosis
and deformities at the craniocervical junc-
tion are also common.129,130

ACQUIRED SPINAL STENOSIS

As noted, narrowing of the spinal canal in
cases of acquired spinal stenosis is not uni-
form throughout the spinal axis, but
rather is segmental. Although spondylosis
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is the most common cause, it may be post-
traumatic, be caused by spondylolisthesis,
or be secondary to a number of other con-
ditions (Table 4-2).

When spondylosis is the cause, narrow-
ing is typically found at the disc and facet
levels,131 and the anteroposterior diame-
ter of the spinal canal is often normal be-
tween the discrete levels of narrowing.
The stenosis arises secondary to a combi-
nation of factors that include hypertrophy
of the facet joints, vertebral osteophytes,
hypertrophy of the ligamentum flavum,

and bulging of the annulus fibro-
sus.62,124,132 (Figs. 4-14 and 4-15).

In the cervical spine, spondylotic steno-
sis usually occurs between the C4 and C6
levels.128 In the thoracic spine, it is usu-
ally secondary to generalized metabolic,
rheumatologic, or orthopedic disorders,
or it is posttraumatic.133,134 It rarely occurs
in the absence of these. When it does, it
most commonly is due to hypertrophy of
the ligamentum flavum and articular
processes in the lower thoracic spine.133,135

The more frequent involvement of the

Figure 4-14. A CT scan demonstrating
acquired cervical spinal stenosis due to
cervical spondylosis. The upper panel
shows intrathecal contrast material (ar-
row) without spinal cord compression
(normal). The lower panel demon-
strates uncovertebral spondylosis, par-
tial calcification of the ligamentum
flavum (arrowhead), and secondary
thecal and spinal cord compression (ar-
row). (Courtesy of Dr. Helmuth Gah-
bauer)
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Figure 4-15. Myelogram and CT scan demonstrating acquired lumbar stenosis due to lumbar spondylosis.
Note the air (black arrowhead) in the degenerated facet joint (white arrows) shown on the CT scan. The myelo-
gram demonstrates a stenosis in the form of an hourglass deformity (white arrows) secondary to severe spondy-
losis. (Courtesy of Dr. Helmuth Gahbauer.)

lower thoracic spine, rather than at higher
levels, may be related to the greater mobil-
ity of the lower segments.136

Lumbar stenosis secondary to spondylo-
sis involves the lower lumbar spine more
commonly than the more rostral lumbar
levels.62,124 Among patients with cervical
or lumbar stenosis, 5% have been re-
ported to have symptoms secondary to
stenosis at both levels.137 This clinical con-
stellation has been termed tandem lumbar
and cervical stenosis.3,138

Pathogenesis of Intermittent
Neurogenic Claudication

The pathogenesis of neurogenic claudica-
tion has been debated as being secondary
to either ischemia or mechanical compres-
sion.118 In some cases, arteriosclerotic vas-
cular disease or vascular malformations
have been found to be the cause.115,119,139

More commonly, however, neurogenic
claudication is secondary to compression
of the spinal cord or cauda equina due to
spinal stenosis.

Blau and Logue140 have suggested that
the increase in metabolic demand of
neural tissue that occurs with exercise can-

not be met by an increase in blood flow
due to compression of blood vessels. Oth-
ers115,118 have shown that in many patients
with claudication involving cauda equina
dysfunction, symptoms correlate with pos-
ture and do not require exercise. In such
patients, the lumbar lordosis alone is suffi-
cient to provoke symptoms that are allevi-
ated by flexing the lumbar spine. These
findings suggest that mechanical compres-
sion of the cauda equina is more impor-
tant than ischemic factors in the patho-
genesis of clinical manifestations. A clinical
study of lumbar stenosis117 also suggests
that mechanical factors are more impor-
tant than primary vascular causes in the
pathogenesis of the disorder.

Madsen and Heros119 postulated a
pathogenesis of neurogenic claudication
that may reconcile the vascular and me-
chanical-compressive hypotheses. These
investigators have considered the poten-
tial role of venous hypertension in the de-
velopment of neurogenic claudication
(Fig. 4-16). Although arteriovenous mal-
formations that may cause a rise in venous
pressure were present in their two cases,
they suggest that degenerative changes,
such as osteophytes, annular bulging, and
hypertrophy of ligaments may compress
both neural elements and the draining
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Figure 4-16. Proposed pathophysiological mecha-
nism for the development of neurogenic claudication
in patients with either spinal stenosis or a spinal arte-
riovenous malformation (AVM). Either lesion alone
may contribute to mass effect or increase venous
pressure, and these in turn complicate one another,
leading to neurogenic claudication. When spinal
stenosis and spinal AVM coexist, they may further
exacerbate one another. (From Madsen, JR and
Heros, RC,119 with permission.) (From Lees, F and
Turner, JWA,78 with permission.)

veins that exit the canal with the spinal
roots. Lordotic postures, such as those as-
sumed with ambulation, further narrow
the spinal canal and intervertebral foram-
ina. They therefore further compress both
nerves and veins. The resulting increased
venous pressure could cause ischemia of
the spinal cord or cauda equina and result
in neurogenic claudication. According to
this hypothesis, a positive feedback loop
would be created in which increases in ve-
nous pressure cause a greater compressive
effect on neural elements. This, in turn,
further increases venous pressure. Pro-
gressive neurogenic claudication is the
outcome. It is relieved only by maneuvers
that interrupt this cycle. Although their
hypothesis arose from observations re-
lated to spinal arteriovenous malforma-
tions and spinal stenosis, spinal stenosis
alone can potentially cause neurogenic
claudication through a similar mecha-
nism.

Intermittent Neurogenic
Claudication of Spinal Cord Origin

Neurogenic claudication shares many fea-
tures with, and must be distinguished
from claudication due to peripheral vas-
cular disease.

CLINICAL FEATURES

Originally described by Dejerine,141 clau-
dication due to spinal cord dysfunction is
characterized by progressive weakness of
the lower extremities that occurs during
walking. It is relieved by rest. The weak-
ness may initially be unilateral, but it
usually progresses to become bilateral.
Sensory complaints may consist of pares-
thesias or dysesthesias. Unlike claudica-
tion due to cauda equina dysfunction,
spinal cord claudication rarely causes se-
vere pain, although cramps may occur.115

With progression of the clinical syndrome,
the amount of walking required to cause
symptoms decreases.

The clinical hallmark of neurogenic
claudication of spinal cord origin is the
change in the neurologic examination fol-
lowing exercise. After a period of rest, the
patient's neurologic examination may be
entirely normal, but after a period of exer-
cise, there may be spasticity and hyper-
reflexia of the lower extremities, in associ-
ation with Babinski signs that have been
described as "afternoon Babinskis."115

These abnormal signs often resolve with
rest.

As noted above, the lower cervical spine
is the most common site of compression.
Patients may, therefore, have symptoms
and signs of radiculopathy at these levels
in addition to intermittent claudication.
When the thoracic spine is the site of
stenosis, most often the lower thoracic
spine is involved.133,135 These patients may
present with symptoms and signs sugges-
tive of either spinal claudication or cauda
equina claudication, since both upper and
lower motor neurons are located at this
level.71,133,135

IMAGING

Radiographic studies of patients with
spinal cord claudication often show signs
of spinal stenosis. In cases of developmen-
tal stenosis, the spine imaging studies may
reveal uniform stenosis. In patients with
acquired stenosis, abnormalities sugges-
tive of the diseases shown in Table 4-2
may be seen. The anteroposterior diame-
ter of the stenotic cervical spinal canal



148 Diseases of the Spine and Spinal Cord

is usually equal to or less than 10
mm. 137,138,142 CT-myelography typically
shows evidence of a partial or complete
block of contrast material at several levels.
(Figs. 4-13 and 4-14) Compression of the
spinal cord is usually observed on these
imaging studies and MRI.137,138

Intermittent Neurogenic
Claudication Due to Cauda
Equina Compression

As with neurogenic claudication due to
spinal cord disease, neurogenic claudica-
tion from cauda equina compression may
mimic claudication due to peripheral vas-
cular disease.

CLINICAL FEATURES

The clinical syndrome of intermittent
neurogenic claudication due to cauda
equina dysfunction is typically character-
ized by back and leg pain, weakness, and
numbness precipitated by walking (or
standing) and alleviated by rest.118,120 Be-
cause it shares many of the features of
claudication due to vascular insufficiency
of the lower extremities, it has been
termed pseudoclaudication or intermit-
tent claudication of neurogenic origin.118

Claudication due to cauda equina dys-
function may be secondary to vascular
malformations119 and other vascular dis-
eases of the cauda equina. However, it is
most commonly secondary to lumbar
spinal stenosis,115,118 which may be devel-
opmental (congenital) in origin,125,131,143

due to acquired disease such as spondylo-
sis,117,124,140 or due to acquired stenosis su-
perimposed on a developmentally narrow
canal.144

Originally described by Van Gelderen in
1948,145 the clinical syndrome and patho-
physiology of intermittent claudication
secondary to lumbar stenosis have been
studied extensively by Verbiest143,144,146

and others.140,147-149 The principal clinical
features are listed in Table 4-3.

Pseudoclaudication, considered to be
any discomfort in the buttock(s), thigh(s),
or leg(s) that develops with walking or

standing and is relieved by rest, is the
most common symptom. The discomfort
is often described as pain, numbness, or
weakness. A combination of these com-
plaints is frequent (Table 4-3). Sensory
symptoms may ascend from the distal
lower extremities to the buttocks or, alter-
natively, descend to the lower extremities.
Such a "sensory march" is considered
common in cauda equina claudication but
unusual for claudication due to peripheral
vascular disease.118,149 Low back pain is a
frequent complaint, and is present in 65%
of the patients in the Mayo Clinic series
depicted in Table 4-3. Although the symp-
toms are generally bilateral, they may not
be symmetrical. The entire limb or only
part may be affected. Radicular pain alone
is unusual, in contrast to the pain of a her-
niated disc.

Intermittent dysfunction of autonomic
fibers has also been found. For example,
Ram and colleagues150 reported on a 70-
year-old man who developed priapism
and urinary incontinence along with sen-

Table 4-3. Symptoms and Signs of
Lumbar Spinal Stenosis in 68
Patients*

Symptom or Sign Prevalence (%)

Pseudoclaudication 94
Standing Discomfort 94
Description of Discomfort

Pain 93
Numbness 63
Weakness 43

Bilateral Symptoms 69
Site

Whole limb 78
Above knee alone 15
Below knee alone 7

Radicular Pain Only 6
Ankle Reflex Decreased or 43

Absent
Knee Reflex Decreased or 18

Absent
Objective Weakness 37
Positive Straight-Leg-Raising 10

Sign

*From Hall, SH, et al,117 p. 272, with permission.
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sory disturbances and leg weakness while
walking. Following decompressive lumbar
surgery, the patient's exercise tolerance
returned to normal, as did his erectile and
urinary symptoms.

Symptoms of neurogenic claudication
due to cauda equina dysfunction are typi-
cally relieved by lying with the legs flexed,
sitting, flexing the waist, or squatting.
Thus patients may not become sympto-
matic if they lean forward to push a cart,
climb a hill, or ride a bicycle. However, de-
scending a hill may exacerbate symptoms
because this activity usually increases lum-
bar lordosis. Such a response to change in
posture is atypical for claudication due to
peripheral vascular disease.118

Although abnormal neurologic signs
may be present in patients with neuro-
genic claudication (Table 4-3), the neuro-
logic examination may be entirely normal,
particularly after a period of rest. A
paucity of neurologic findings, despite a
history of severe disability, is typical of
spinal stenosis.118 Characteristic of lumbar
stenosis, however, is the development of
neurologic signs when the patient is symp-
tomatic after a period of walking.118 In
such cases, deep tendon reflexes may be
lost and weakness and sensory loss may
develop. The straight-leg-raising test is
rarely positive.

Recently, a series of seven patients with
thoracic spinal stenosis was reported with
symptoms of pseudoclaudication resem-
bling the syndrome of lumbar stenosis.
Pain radiating down the legs, however,
was not present.135 The stenosis was in the
low thoracic spine and was caused by
thickening of the laminar arch and facet
joints. The authors noted that a compres-
sive lesion between T10 and T12 caused a
mixture of upper and lower motor neuron
symptoms and signs in the lower extremi-
ties. It should be recalled, however, that
thoracic spinal stenosis may also present
with intermittent neurogenic claudication
in which the spinal cord, not the cauda
equina, is the primary site of involvement
(see above).

In summary, in differentiating claudica-
tion due to cauda equina dysfunction from
claudication secondary to peripheral vas-
cular disease, the following features may

be considered that are more suggestive of
cauda-equina-related claudication:118

1. Worsening neurologic symptoms and
signs following ambulation or accom-
panying an increase of the lordotic
posture of the lumbar spine

2. A "march" of symptoms through the
lower extremities

3. Relief of symptoms with a change in
posture alone while exercise contin-
ues (e.g., flexion of the lumbar spine
while walking)

4. Symptoms not relieved after a few
minutes of rest118

LABORATORY AND
IMAGING STUDIES

Laboratory findings, including neuro-
physiologic and imaging investigations,
can be very helpful with the diagnosis of
lumbar spinal stenosis.151 In the Mayo
Clinic study cited above, the electromyo-
gram (EMG) was abnormal in 34 of the 37
patients in whom it was performed. This
test was considered to be more sensitive
than the neurologic examination.117 The
EMG abnormalities consisted of denerva-
tion in muscles innervated by lumbosacral
nerve roots. The findings from the Mayo
Clinic study are often bilateral and are lo-
cated in the paraspinal areas.117 The CSF
usually shows a normal cell count, but the
protein concentration is often elevated.118

Although plain radiographs of the lum-
bar spine may be normal, they usually
show evidence of degenerative disc disease,
osteoarthritis of the facet joints, or other
abnormalities.117 Lumbar spinal stenosis
most frequently involves the lower lumbar
spine, especially the L4-5 level.124,127 The
laminae may be hypertrophied. Although
controversial (see below), a midsagittal di-
ameter of the lumbar canal less than 15
mm radiographically identifies patients
who are at risk for the development of
symptoms, whereas those with a diameter
greater than 20 mm have much lower
risk.152 Other abnormalities often associ-
ated with lumbar spinal stenosis include
Paget's disease, synovial cysts, spondylolis-
thesis, acromegaly, ankylosing spondylitis,
trauma, and congenital/developmental ab-
normalities (Fig. 4-17). 117,118,127,153 Myelog-
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Figure 4-17. A CT scan showing a synovial cyst (ar-
rowhead) arising from a degenerated facet joint
which caused symptoms of spinal stenosis. (Courtesy
of Dr. Richard Becker.)

raphy has been considered valuable in con-
firming the diagnosis of lumbar stenosis. It
may show compression of the dural sac
during extension, which improves with
flexion (Fig. 4-18). These anatomical find-
ings correlate with the clinical presenta-
tion.

A CT may demonstrate the short, thick-
ened pedicles and decreased interpedicu-
lar distance often observed in patients
with developmental lumbar stenosis. An
anteroposterior diameter of less than 10
mm has been considered evidence of
spinal stenosis, according to one study.143

Alternatively, in degenerative cases, the
anteroposterior dimensions have been
found to be abnormal in only a minority of
patients. In one study,154 only 20% of pa-
tients had an anteroposterior posterior di-
ameter less than 13 mm. For this reason,
in cases of degenerative lumbar stenosis,
some investigators have suggested that the
cross-sectional area of the thecal sac

A
Figure 4-18. Myelograms showing lumbar spinal stenosis. (A) During extension, the dural sac is compressed by
ligamentum flavum with obstruction (solid arrow). Note the spondylolisthesis of L4 on L5 (open arrow) with an
intact neural arch. (B) With mild flexion, the stenosis at L4 due to a bulging annulus anteriorly and thickened
ligamentum flavum posteriorly is decreased. (From Hall, SH, et al,117 with permission.)

B
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should be considered a more accurate in-
dicator of spinal stenosis. A normal cross-
sectional area of the lumbar thecal sac has
been reported to be 180 mm2 ± 50 mm2;
an area of less than 100 mm2 was consid-
ered evidence of stenosis. Other authors62

have suggested that the dimensions of the
spinal canal are not necessary to make a
CT diagnosis. Rather, the characteristic
CT features, including segmental stenosis
at disc and facet levels, hypertrophy of
the ligamentum flavum and articular
processes, bulging of an annulus fibrosus,
and obliteration of epidural fat, may be
sufficient to confirm the presence of lum-
bar spinal stenosis.62 An MRI has been re-
ported to be valuable in assessing spinal
stenosis, although osteophytes and facet
hypertrophy generally may be better visu-
alized with CT.71 In patients with com-
bined spinal stenosis secondary to devel-
opmental disturbances and superimposed
degenerative disease, the CT and MRI
findings demonstrate features of both con-
ditions. Compared to CT, MRI has the ad-
vantage of being multiplanar and the
conus and intraspinal tumors can be more
readily seen.

Management

The only truly effective management of
neurogenic claudication of both spinal
cord and cauda equina origin is surgical
decompression. For patients with neuro-
genic claudication due to lumbar stenosis,
the results of surgery can be gratifying.
For example, in one study, the mean dis-
tance of ambulation at which claudication
developed increased from 180 m preoper-
atively to 2.4 km postoperatively.117 After a
period of follow-up (mean 4 years), 62% of
patients reported that laminectomy (often
multilevel) gave good to excellent results.
Nonoperative management strategies are
often essentially ineffective.

Controversy in surgical circles sur-
rounds the most appropriate surgical op-
tion for lumbar stenosis.155-158 Decompres-
sive surgery in and of itself is almost
certainly destabilizing. Therefore, some
surgeons suggest the use of a fusion proce-
dure, with or without instrumentation, in

conjunction with laminectomy for the
management of this problem. However,
most surgeons recommend laminectomy
alone, unless a preexisting tendency to-
ward instability is present—e.g., excessive
mobility or spondylolisthesis. This discus-
sion is amplified below.

PREEXISTING SPINAL DEFORMITY

The presence of a preexisting translational
deformity is somewhat controversial as an
indicator for fusion (with or without instru-
mentation) to supplement a dorsal decom-
pressive procedure. It should, however, be
kept in mind that degenerative lumbar
spondylolisthesis rarely progresses beyond
a 30% vertebral body translational defor-
mation.159 Therefore, the virtue of routine
fusion and instrumentation following spinal
canal decompression, as is commonly advo-
cated,160-162 must be questioned. This is
particularly so if a careful decompression is
performed in which care is taken to ade-
quately decompress the lateral recesses and
neuroforaminae, while minimally disrupt-
ing facet joint integrity.5,163-169

The combination of a vertically oriented
facet joint170,171 and an exaggerated lor-
dotic posture predisposes the spine to
translation deformation. In contrast to
more rostral spine levels, the relative ver-
tical orientation of the disc interspace
causes an applied axial load to result in
the application of a shear-deforming force
to the spine and the disc interspace. In ad-
dition, vertically (sagittally) oriented facet
joints are in a biomechanically disadvanta-
geous position to inhibit this translational
deformation. It is these patients who may
benefit from fusion and instrumentation if
laminectomy is performed, particularly if
further facet joint disruption is surgically
created.164

THE PREDICTION OF
POSTOPERATIVE INSTABILITY

Patients with lumbar spondylosis and lum-
bar stenosis commonly complain of both
neurologic (neurogenic claudication, radic-
ular, or myelopathic) complaints and axial
back pain. The latter is often of a mechani-
cal nature, although neural (dural) com-
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pression may, indeed, cause a similar pain
syndrome. Most patients who undergo
dorsal decompressive surgery for lumbar
stenosis have predominantly neurologic
complaints. Mechanical back pain may
suggest a fusion procedure to some sur-
geons. Furthermore, most patients under-
going surgery for lumbar stenosis are
older than 50 years and are beginning, or
are well into, the spine restabilization pro-
cess. The latter involves the narrowing of
the disc interspace, the formation of
spurs, and the calcification of spinal liga-
ments, and results in a stiffening of the
spine. The fact that most patients undergoing
surgery for lumbar stenosis for neurologic rea-
sons already have a stable spine, and are simul-
taneously at high risk for complication after
complicated and extensive operations, makes a
simple laminectomy the most appealing opera-
tive procedure for the vast majority of these pa-
tients. In most circumstances, the manage-
ment of the back pain component of the
pain syndrome is best accomplished with
nonoperative measures.164,172 Matsunaga
et al. described four radiographic risk fac-
tors that predispose a patient with de-
generative spondylolisthesis to subluxa-
tion after laminectomy. Postoperative
(postlaminectomy) instability is uncom-
mon if the patient does not harbor these
risk factors. These risk factors are (1) loss
of disc interspace height; (2) spur forma-
tion; (3) end plate sclerosis; and (4) spinal
ligament calcification.173 In addition to
Matsunaga's risk factors, advancing age
provides the advantage of accelerating the
spine restabilization process. Additional
risk factors include preexisting appendic-
ular joint laxity and sagittally oriented
facet joint angle.164

According to a Mayo Clinic series, the
most common causes of postoperative
(postlaminectomy) failure for the manage-
ment of lumbar stenosis were the absence
of a preoperative complaint of neurogenic
claudication coupled with the absence of
severe stenosis on preoperative imaging
studies.174 In addition, the most common
technical error was an inadequate decom-
pression. In other words, the most com-
mon causes for failure of laminectomy are
(1) absence of surgically treatable pathol-
ogy and (2) performance of an inadequate

operation. In the Mayo Clinic series, only
three patients had nonobvious causes of
their failure to respond to surgery pain.
Only this small fraction of patients could
have even been remotely considered as
candidates for fusion at the time of their
initial operation. Predicting the identity of
this group of patients accurately would be
nearly impossible.164

INTERVERTEBRAL DISC
HERNIATION

Intervertebral disc herniation refers to
a condition in which a portion of an in-
tervertebral disc herniates beyond the
confines of the surrounding annulus fi-
brosus.2,71 Although herniation into the
adjacent vertebral body is very common
(Schmorl's node), it has no clinical signifi-
cance. On the other hand, herniation of
disc material dorsally into the spinal canal
or intervertebral foramen may cause
spinal cord or nerve root compression.

Using CT criteria, degenerative disc dis-
ease has been classified as (1) annular
bulge, (2) herniation, or (3) sequestration
or free fragment.71 Bulging of the annulus
is frequently observed in association with
spondylosis. In this condition, the nucleus
pulposus does not extend beyond the con-
fines of the intact annulus fibrosus. Such a
bulging disc usually suggests no focal
nerve root compression.71 A herniated
disc refers to a focal extension of the nu-
cleus pulposus beyond the outer margin of
the annulus fibrosus. When herniation oc-
curs into the spinal canal or intervertebral
foramen, neural compression may ensue.
A sequestered disc or free fragment refers
to a herniated nucleus pulposus that has
lost continuity with the original nucleus
pulposus. When the free fragment is
within the spinal canal, it may migrate ros-
trally or caudally under the posterior lon-
gitudinal ligament, lateral to the posterior
longitudinal ligament, or rupture through
the posterior longitudinal ligament. In the
present context, the term herniated disc
includes all forms of symptomatic exten-
sion of the nucleus pulposus beyond its
normal boundaries.
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In 1934, Mixter and Barr22 surgically
removed herniated cervical and lumbar
disc material from a series of patients, es-
tablishing the relationship between disc
herniation and neural compression.
Kristoff and Odom175 found a much
higher frequency of nerve root compres-
sion than spinal cord compression and
suggested that cervical disc protrusion
should be divided into three stages: (1)
nerve root compression, (2) unilateral
spinal cord compression, and (3} bilateral
spinal cord compression. It is now recog-
nized that spinal cord compression due to
herniated intervertebral discs may occur
without radicular symptoms or signs.116

Although intervertebral disc protrusion
may coexist with spondylosis, whenever
possible, disc protrusion without spondy-
losis should be distinguished from that
with spondylosis, since the etiologies,
pathogeneses, and results of diagnostic
studies usually differ.

Pathology

Herniation of an intervertebral disc is de-
fined in pathological terms as an exten-
sion of the fluid nucleus pulposus through
a tear in the annulus fibrosus.2 This pro-
trusion usually occurs through the dorsal
region of the annulus fibrosus, which is
thinnest.

Although the herniated nucleus pulpo-
sus may return to its normal position, it
usually remains extruded, and often be-
comes calcified. However, there is no
osteophyte formation unless secondary
spondylosis develops.40,176 In some cases,
the annulus fibrosus does not tear but
rather bulges into the spinal canal or adja-
cent intervertebral foramina.2 Such cases
may be difficult to differentiate from those
that occur in patients with spondylosis.

Clinical Features

Although severe trauma may cause symp-
tomatic protrusion of an intervertebral
disc, more commonly, minor repeated
trauma from activities of daily living is
found in the clinical history.177 Occasion-

ally cervical discs and rarely thoracic discs
may protrude to compress the spinal cord
to cause myelopathy. In the lumbar re-
gion, intervertebral discs occasionally her-
niate dorsally to cause cauda equina dys-
function. This section outlines the clinical
features of herniated intervertebral discs
in each region.

CERVICAL DISC HERNIATION

Although herniation of cervical interverte-
bral discs typically causes symptoms and
signs of radiculopathy, it may occasionally
cause a painless myelopathy that mimics a
degenerative disease of the spinal cord.116

In such cases, the disc is often centrally
herniated and does not cause a radicu-
lopathy. The most common levels for her-
niated discs in the cervical spine are at the
C5-6 and C6-7 levels.116,177,178

Cervical disc herniation occurs much
more commonly in men than in women.178

Most patients are middle-aged. In a series
of 100 patients, their age at the time of op-
eration ranged from 30 to 65 years, with a
median of 46.178 Symptoms and signs of
myelopathy, including motor, sensory, and
sphincter disturbances, are similar to
other extrinsic lesions compressing the
spinal cord. However, as in cases of cervi-
cal spondylosis, patients with herniated
cervical discs may demonstrate evidence
of both radicular and myelopathic signs in
the arms and myelopathic signs in the
lower extremities.

The diagnosis of a herniated cervical
disc causing myelopathy is confirmed by
CT and/or MRI. Because the cervical
spine lacks the large amount of epidural
fat observed in the lumbar spine, cervical
CT has some limitations.179 For CT evalu-
ation of cervical disc disease and spondy-
losis, some investigators advocate the use
of intravenous or intrathecal contrast ma-
terial (Fig. 4-19), while others prefer con-
ventional CT scans.58,61,62 A CT scan with
intrathecal contrast material is often able
to differentiate a soft herniated disc from
spondylosis.62 In the presence of myelopa-
thy, MRI or CT-myelography has been
recommended over CT because they have
the advantage of being able to examine
large areas of the spinal axis.62
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Figure 4-19. Cervical spine CT
scan following intravenous con-
trast enhancement demonstrat-
ing intervertebral disc herniation
on the left. Note the enhancing
epidural venous plexus on the
left (arrowhead) displaced poste-
riorly by the disc herniation.
(Courtesy of Dr. Helmuth Gah-
bauer.)

In cases of cervical radiculopathy, T2
and gadolinium enhanced MRI has been
compared to CT-myelography recently.180

Among 20 patients with cervical radicu-
lopathy, gadolinium-enhanced 2D T1 im-
ages did not confer any benefit over three-
dimensional (3D) T2 images. The 3D T2
white cerebrospinal fluid images had an
accuracy of close to 90% for the diagnosis
of foraminal encroachment. The authors
concluded that when the findings are in-
compatible with the clinical symptomatol-
ogy, CT-myelography is still indicated
(Fig. 4-20).

THORACIC DISC HERNIATION

Herniation of thoracic discs is an unusual
clinical problem and thus may not be read-
ily recognized. Surgery for thoracic disc
herniations represents only three to five
cases per 1000 disc operations.181 In a sur-
gical series at the Mayo Clinic,182 69% of
cases of thoracic disc herniation were lo-
cated at the last four interspaces, with the
T11 space most commonly involved. Other
studies have shown a similar predilection
for the lower thoracic spine.183 Herniation

is more likely to occur in the midline than
laterally. Therefore, the spinal cord is
jeopardized, especially given the narrow
diameter of the spinal canal in this re-
gion.181

Thoracic disc herniations most com-
monly occur at ages 30 to 55; both sexes
appear to be affected equally. Pain in the
back or radicular pain or both are the
most common presenting manifestations.
Occasionally, spinal cord symptoms and
signs without pain herald the onset of tho-
racic disc herniation.182,184 In one re-
view,181 pain or dysesthesias were the pre-
senting complaint in 80% of cases and
paresis in 15%. Sphincter disturbances
were observed in 22 of the 61 cases re-
ported from the Mayo Clinic.182 This high
frequency of sphincter disturbance may be
due to the proximity in many cases to the
conus medullaris. Thoracic discs also may
cause compression of the artery of
Adamkiewicz, causing ischemia of the cau-
dal spinal cord.185

Conventional radiographs of the tho-
racic spine are frequently normal, but cal-
cification within the spinal canal at the
level of intervertebral disc space narrow-
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Figure 4-20. An MRI of the cervical spine revealing
a C5-6 disc herniation (arrow) of the right side. The
patient complained of right arm numbness in the ra-
dial aspect of the arm and had a depressed brachio-
radialis reflex. (Courtesy of Dr. Richard Becker.)

ing may be observed in approximately
55% of cases.186 A CT may be very helpful
in demonstrating herniation of a calcified
thoracic disc.187-189 However, the relative
paucity of epidural fat in the thoracic
spine and the difficulty in defining the
segmental level of involvement limit the
value of CT in the diagnosis of this disor-
der.62 Lee and associates71 recommend
MRI as the initial diagnostic imaging pro-
cedure of choice for thoracic disc pathol-
ogy. However, it should be emphasized
that asymptomatic thoracic disc hernia-
tions commonly occur in the thoracic
spine. Wood et al.190 reported the thoracic
spine MRI findings of 90 asymptomatic in-
dividuals. Among these, herniated tho-
racic discs were found in 37%, bulging of a
disc in 53%, annular tear in 58%, deforma-
tion of the spinal cord in 29%, and
Scheuerman end plate irregularities or
kyphosis in 38% (see below).

LUMBAR DISC HERNIATION

Herniation of a lumbar disc usually causes
low back pain and symptoms and signs of
radiculopathy. Much less frequently, such
herniation may result in a cauda equina
syndrome. In this situation, paralysis of
both legs and sphincters and sensory loss
may develop acutely or subacutely. The
sensory level and the distribution of weak-
ness are usually determined by the level of
disc herniation.

Lumbar disc disease more commonly af-
fects males than females,191 and most fre-
quently affects young and middle-aged
adults. According to Gathier,192 70% of in-
dividuals are between 20 and 40 years of
age. Some authors, however, have found a
greater frequency in those 40 to 49. Most
emphasize the rarity of the disorder
among individuals less than 20 years of
age (Table 4-4).192

The most frequent levels of involvement
are L4-5 and L5-S1. Although there are
differences among various series, these
two levels appear to account for 90%-98%
of surgically treated lumbar disc hernia-
tions.192 Furthermore, according to surgi-
cal series, the L4-5 and L5-S1 levels are
approximately equally involved.191,193 The
levels of involvement, as found on CT
scanning, are shown in Table 4-5.62 The
clinical manifestations of pain, sensory
complaints, reflex changes, and weakness
generally follow the patterns predicted by
the segmental level involved. Nonradicu-
lar referred pain, such as myofascial pain
syndromes and the facet syndrome, must
also be considered.194 In general, sensory,
motor, and reflex dysfunction are rarely

Table 4-4. Frequency of Age (Years)
at Operation for Lumbar Disc
Disease*

<20
20-29
30-39
40-49
50-59

>60

1%
16%
39%
31%
11%
3%

*From Harkelius, A and Hindmarch, J,191 p. 234,
with permission.
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Table 4-5. Frequency of Lumbar
Disc Herniation by Disc Level as
Demonstrated on CT*

L5-S1
L4-5
L3-4
Ll-2, L2-3

35%-40%
50%-60%

5%-10%
<1%

*'From Kricun, R and Kricun, ME,62 p. 391, with
permission.

prominent in such cases, and radicular
pain is more sharp and localized than
nonradicular referred pain.194 Further-
more, signs of nerve root compression on
physical examination (such as a positive
straight-leg-raising test) are much more
prominent in radicular pain syndromes.

Imaging modalities for evaluating lum-
bar disc disease are rapidly evolving.
Many abnormalities in patients with back
pain are similarly found among those
without symptoms and thus do not neces-
sarily confirm the diagnosis of sympto-
matic lumbar disc disease.195 Studies using
myelography196,197 and CT198 and MRI199

have shown a high incidence of protrud-
ing or herniated discs among the asympto-
matic population. Nevertheless, imaging
of lumbar disc disease has been exception-
ally helpful (Fig. 4-21). CT has been sensi-
tive in diagnosing the axial location of
lumbar disc herniations, which have been
found to occur with the following fre-
quency: dorsolaterally, 60%-85%; cen-
trally, 5%-35%; and laterally, 5%.62 CT has
been reported to be more accurate than
myelography in detecting: (1) a herniated
disc at the L5-S1 level and (2) lateral disc
herniation.62,200,201 CT also may be valu-
able in recognizing a herniated nucleus
pulposus that extends through the poste-
rior longitudinal ligament202 and the
rarely found condition in which it has tra-
versed the dura mater.203,204 It may be use-
ful in differentiating between a soft disc
herniation and a hard disc, which may be
a calcified herniated disc or an osteophyte
secondary to spondylosis. The use of in-
travenous contrast enhancement with CT
also helps to distinguish recurrent disc
herniation from postoperative scar forma-
tion.205

An MRI in the evaluation of lumbar disc
disease has been exceptionally sensitive in
identifying herniated lumbar discs (Fig.
4-22A and B).206,207 An MRI may reveal
both disc bulges and disc herniations, of-
ten in asymptomatic patients or at levels
that are asymptomatic.199 Thus the chal-
lenge with MRI is often to confirm clini-
cally that the disc pathology seen is re-
sponsible for the symptoms and signs. For
example, Jensen and colleagues found
that among 98 asymptomatic subjects un-
dergoing lumbar spine MRI, only 36%
had normal discs at all levels. Fifty-two
percent had a bulge at at least one level,
27% had a disc protrusion, and 1% had a
disc extrusion. Schmorl's nodes (disc her-
niations into the vertebral bodies) were
seen in 19% of subjects. The findings were
similar for both men and women, and the
frequency of abnormalities increased with
age.

Management

The treatment of herniated discs, also dis-
cussed in Chapter 3, is controversial. As in
spondylosis, most patients will respond to
bed rest, antiinflammatory agents, and
muscle relaxants. In the case of cervical
disc disease, in addition to these measures,
a cervical collar and traction are often
helpful. Following the acute phase of pain,
a course of physical therapy and an exer-
cise program are often useful in prevent-
ing recurrence.208 If during recuperation
or later the patient experiences pain (es-
pecially radicular pain) reminiscent of that
associated with the herniated disc, he or
she should be advised that this is a warn-
ing and that activities should be modified
to reduce the risk of further injury.209

Lumbar disc herniation has been shown
by MR imaging to improve in sympto-
matic patients not undergoing surgical in-
tervention.210 Bozzao and colleagues210

performed follow-up MR scans in 69
symptomatic patients with herniated lum-
bar discs on MRI. On follow-up imaging
(average 11 months post initial imaging)
63% of the patients showed a reduction in
disc herniation of more than 30% (48%
had a reduction of more than 70%). Fur-
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Figure 4-21. Myelogram (right) and postmyelogram CT scan (left) of lumbar spine demonstrating disc hernia-
tions at L4-5 and L5-S1. At L4-5, there is a large disc herniation effacing the intrathecal contrast material seen
on the myelogram (white arrow) and CT scan (upper left panel). On the myelogram, the normal right S1 nerve
root is shown (black arrow); alternatively, the left S1 nerve root sleeve is compressed by the L5—S1 disc and
therefore is not visualized on the myelogram and CT scan (lower left panel). (Courtesy of Dr. Helmuth Gah-
bauer.)

thermore, the largest disc herniations
were found to decrease in size the most.
There was a good clinical outcome in 71%
of patients. These authors concluded that
in many cases lumbar disc herniation can
be managed successfully without surgical
intervention and that follow-up MR imag-
ing reveals reduction in the size of disc
herniation without surgical intervention.

Occasionally, patients with a herniated
disc require surgical intervention. When a
sufficient trial of conservative manage-

ment fails to relieve incapacitating pain,
surgery is often beneficial. Alternatively,
urgent surgical consultation is recom-
mended in the following: (7) acute cervical
or thoracic disc herniation that causes sig-
nificant myelopathy, (2) lumbar disc herni-
ation causing cauda equina dysfunction
(such as impaired bowel or bladder control
due to cauda equina compression), and (3)
major neurological deficit (for example,
foot drop) that is severe or progresses, de-
spite conservative management.209
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Figure 4-22. An MRI of the lumbar spine shows an L5-S1 disc herniation with S1 root compression (arrow) in
a patient with sciatica. (A) Sagittal view. (B) Axial view. (Courtesy of Dr. Richard Becker.)

SCHEUERMANN'S DISEASE

In the developing spine, the intradiscal
oncotic pressure is normally relatively
high. This can result in focal sites of pene-
tration of the end plate (Schmorl's nodes)
with a resulting destruction of the growth
plate. The preexisting thoracic kyphosis,
which is associated with asymetrically high
ventral intradiscal pressures, may lead to
the exaggeration of focal end plate pene-
tration in this circumstance. This phe-
nomenon is known as Scheuermann's dis-
ease (osteochondrosis). It is associated
with a disproportional loss of ventral
vertebral body height, Schmorl's nodes
(predominantly ventrally located), irregu-
larities of the vertebral endplates, and
narrowing of the disc interspaces (pre-
dominantly ventrally).211 As stated by
Kramer, the developmental disorder of
Scheuermann's disease involves secondary
changes. These are caused by increased pressure
of the developing disc tissue on the ventral parts
of the intervertebral segments in the kyphotic
area of the spine.5 Because of the increased

focal pressures exerted, degeneration of
the disc is accelerated. Fibrous and, ulti-
mately, bony fusion occurs.5 This results in
a fused, kyphotic spine.

OSTEOPOROSIS

Osteoporosis, the most common metabolic
bone disorder to involve the spine, is a
condition in which bone density is less
than optimal.127 It may be associated with
a variety of metabolic diseases but is most
commonly found in the elderly, especially
postmenopausal women. As osteoporosis
progresses, vertebral collapse may occur,
causing back and/or flank pain.

Although vertebral collapse due to os-
teoporosis is a common cause of complaint
in the elderly, spinal cord compression ap-
pears to be a rarely reported complication.
A report212 of two cases of spinal cord
compression due to osteoporosis (con-
firmed at necropsy) noted the clinical and
radiographic findings. In both cases, back
pain, leg weakness, sensory loss, and

A B
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sphincter disturbance evolved over several
days. Myelography demonstrated a com-
plete block due to an extradural mass at
the level of a collapsed vertebral body that
was considered secondary to metastatic
disease on the basis of the radiographic
findings. In both cases, however, necropsy
revealed only an osteoporotic compres-
sion fracture, with secondary spinal cord
compression. This report emphasized the
rarity of this complication, as well as the
need to consider osteoporosis in the dif-
ferential diagnosis of spinal cord compres-
sion.

SUMMARY

Degenerative disease of the spine includ-
ing osteoarthritis, spondylosis, and disc
disease occurs in essentially all individuals
by late middle age. Accordingly, it is the
most common disorder of the spine and is
one of the most common reasons for pa-
tients to see physicians.

This chapter first reviewed the patho-
genesis of disc degeneration and the
spondylotic process. Subsequently, the
clinical presentation of disc degeneration
and spondylosis were discussed. The most
common initial clinical presentation of de-
generative disease of the spine is pain and
limitation of motion. However, because
the pathologic hallmark of spondylosis is
the development of osteophytes, compres-
sion of nerve roots or the spinal cord may
cause neurologic dysfunction. This is the
most serious complication and, when pres-
ent, usually dominates the clinical picture.

The current ready availability of imag-
ing with CT and MRI has expedited the
evaluation of these patients but also brings
to clinical attention a large number of pa-
tients with asymptomatic disease such as
herniated discs. Thus, in some instances,
rather than assisting the clinician in
managing the patient, modern imaging
modalities may create the quandary of ra-
diographic diagnoses which have no clini-
cal symptomatology. It is imperative,
therefore, to develop the clinical skills
needed in order to make clinical-radio-
logic correlations in order to manage pa-
tients appropriately. This chapter has en-

deavored to show the common neurologic
presentations associated with spondylosis
and degenerative disc disease.

Cervical spondylotic myelopathy is a
common condition arising from spinal
cord compression due to osteophytes in
the cervical spine encroaching on the
spinal canal and spinal cord. The clinical
presenation and management of cervical
spondylotic myelopathy are reviewed.
Neurogenic claudication which arises
from spinal stenosis due to spondylosis
may be difficult to clinically distinguish
from claudication secondary to peripheral
vascular disease. Neurogenic claudication
may occur due to compression of the
cauda equina or, less commonly, the spinal
cord. The clinical manifestations and
management options of neurogenic clau-
dication are also presented. Finally, inter-
vertebral disc herniations which may be
present and asymptomatic in about one-
quarter of individuals over the age of 40
may also cause serious neurologic injury.
The clinical and radiologic evaluation and
management of these patients have been
discussed.

Since back and neck pain are such com-
mon ailments, patients present to physi-
cians in a variety of specialties. Often
physicians are seeking an algorithm or ra-
tional approach to these problems. This
chapter has attempted to provide such an
approach to the management of these en-
demic disorders.
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Neoplasms not originating from spinal
structures differ in their propensity to
metastasize to the spine. However, any
malignancy with metastatic potential may
appear in the spine and cause epidural
spinal cord compression (ESCC). (The
term spinal cord compression is used to
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include cauda equina compression unless
otherwise noted.)

Epidural neoplasms can be classified
as either metastatic or primary. Since
metastatic tumors are far more common,
they will be discussed extensively in this
chapter. Among primary epidural neo-
plasms, several different benign or malig-
nant tumors may arise from those cells
that form the vertebral column and its as-
sociated supporting structures. The most
common are osteogenic, chondrogenic,
vascular, fibrous, hematopoietic, lipoma-
tous, and undifferentiated mesenchymal
elements and these are discussed at the
end of this chapter.

The diagnosis of epidural neoplasms
can be difficult. Pain is usually the first
symptom of both primary and metasta-
tic epidural spinal tumors.1-3 However, as
discussed in Chapter 3, pain is a com-
mon manifestation of many nonneoplastic
spinal disorders as well, which makes clini-
cal history alone rarely sufficient to estab-
lish a cause with certainty. Rather, a metic-
ulous history and physical examination,
supplemented when indicated, with ap-
propriate laboratory and diagnostic imag-
ing studies, often are necessary to identify
the cause.

Even when diagnostic imaging studies
demonstrate an epidural neoplasm, one
still must distinguish between a primary
and a metastatic tumor. If there is a his-
tory of malignancy with a propensity to
metastasize to the spine, the epidural
tumor is usually considered metastatic;
rarely, a metastasis from a second un-
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known primary or even a primary spinal
tumor may be the cause. When a malig-
nancy has not been previously diagnosed,
one must still consider the possibility of a
metastasis from an unknown primary
source, since metastatic epidural spinal tu-
mors are much more frequent than pri-
mary tumors of the spine. Certain clues
can help the physician locate a primary tu-
mor:

1. The patient's gender and age may
suggest the most likely histologi-
cal types to consider. For example,
whereas breast, lung, and prostate
cancers are frequent sources of spinal
metastases in adults,4-7 sarcomas and
neuroblastoma are common causes in
children.8

2. The general physical examination and
laboratory screening may help in es-
tablishing leads.

3. The frequency with which certain
primary tumors in adults metastasize
to the spine often guides the workup
for a primary tumor. For example,
prostate, lung, and breast cancer are
among the most common primary tu-
mors.

There are two reasons to search for a non-
spinal primary tumor. First, metastases
(even from occult primary tumors) are
much more common than primary spinal
tumors. Second, an accurate diagnosis of
the neoplasm causing ESCC is necessary
for most effective treatment. Histological
confirmation may be essential for further
management if the diagnosis is in doubt.

This chapter first reviews in detail the
clinical features and imaging studies fre-
quently encountered in the evaluation of
metastatic spinal neoplasms. A brief re-
view of some of the clinical features of pri-
mary epidural tumors follows.

METASTATIC NEOPLASMS

Epidemiology

Much of the epidemiological information
on spinal tumors is obtained from neuro-
surgical series. These series often under-
represent the frequency of metastatic can-
cer because many of these patients may

not be considered good surgical candi-
dates, and therefore may not be referred
for surgical management. One review9

cites several neurosurgical studies that re-
port that extramedullary-intradural tu-
mors (e.g., neurofibroma and menin-
gioma) are the most common tumor type.
Spinal metastases from systemic cancer
were excluded from the analysis.

When epidural tumors are considered
alone, metastatic tumors are found to be
more common than primary spinal neo-
plasms. This has been the experience even
in some neurosurgical series.1,10 For exam-
ple, in one study of vertebral tumors,1,11

66% of 350 tumors were metastatic,
whereas only 30% were primary. The re-
maining 4% were paravertebral tumors
that invaded the spinal column. An exten-
sive review of the literature on primary
and secondary tumors of the vertebral col-
umn10 concludes that metastatic tumors
are three to four times more frequent than
primary malignant neoplasms. In a neuro-
surgical series of 413 solitary tumors of the
vertebral column,2 121 were metastatic in
origin, thus emphasizing that even appar-
ently solitary vertebral lesions are often
metastatic.

The enormous clinical impact of cancer
that metastasizes to the vertebral column
and epidural space in the general popula-
tion is supported by several large autopsy
series10.12-14 that report vertebral metasta-
ses in 15% to 41% of patients dying of can-
cer. Furthermore, the frequency of skele-
tal metastases is much higher for some
specific tumor types: 84% of prostatic can-
cer cases and 74% of breast cancer cases.
Moreover, among patients with skeletal
metastases, the vertebral column has been
found to be the most common site.15,16 A
review of the pathophysiology and man-
agement of bone metastases has been pub-
lished.17

All patients with vertebral metastasis are
at potential risk of developing spinal cord
compression. The frequency of spinal
cord compression from metastases to the
vertebral column is unknown, but one au-
topsy study4 estimated that approximately
5% of patients dying of cancer have spinal
cord compression, the great majority of
which is caused by vertebral metastases.
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Thus, of the nearly 400,000 individuals
dying of cancer annually in the United
States, between 60,000 and 160,000 have
spinal metastases, and 20,000 of these in-
dividuals develop ESCC. These figures,
although only estimates, underscore the
magnitude of the clinical problem of
spinal metastases in the cancer popula-
tion. It must be emphasized that vertebral
metastases are not confined to patients dy-
ing of cancer; this treatable complication
occurs even in patients whose primary ma-
lignancy is also treatable, and in about 8%
of patients, it may be the only symptom.

Mechanisms of Cancer Metastasis

Cancer metastasis implies the release of
cells from one primary site and passage of
these cells through lymphatics or blood
vessels to a distant site where there is

invasion and growth of a secondary neo-
plasm.18 The mechanism of passage of
these "shed" cancer cells has been a source
of debate.19 Although both organ and tu-
mor cell properties are probably impor-
tant in the initiation of metastatic cas-
cade,20 the predominant view has been
that anatomic and hemodynamic factors
play a primary role in the dissemination of
cancer.

Hemodynamic theory explains the
metastatic cascade on the basis of the anat-
omy of draining veins. In a series of ele-
gant experiments using human cadavers,
Batson21 showed that injection of ra-
diopaque material into the dorsal vein of
the penis and the draining breast veins re-
sulted in opacification of the vertebral ve-
nous system. Furthermore, in living pri-
mates, abdominal straining augmented
venous flow from the pelvic viscera to the
vertebral veins (Fig. 5-1). Batson demon-

Figure 5-1. The roentgenogram of a living monkey injected with radiopaque material in the deep dorsal vein
of the penis. (A) The injected material passes into the inferior vena cava without entering the vertebral veins.
(B) The same animal is shown, but the abdomen has been compressed with a towel, mimicking a Valsalva ma-
neuver. The contrast material passes upward through the vertebral venous system. (From Batson, OV,21 with
permission.)
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strated that because the vertebral venous
system is valveless and of low intraluminal
pressure, coughing, sneezing, and strain-
ing allow venous effluent from the breast,
intrathoracic, intra-abdominal, and pelvic
organs to enter and move unimpeded in a
rostral or caudal direction.

Batson noted in 1956 that he had redis-
covered this plexus of veins, which was
first described by Breschet in the first half
of the 19th century and then overlooked
for over a century.22 In recognition of
Breschet's contribution, Batson gener-
ously stated, "Eponymically, the veins in
the vault of the skull are known as
Breschet's veins. We commonly forget that
the veins in the bodies of the vertebrae
are likewise Breschet's veins." Figure 5-2

Figure 5-2. Neoplasms from the pelvis, abdomen,
breast, and elsewhere show collaterals with the verte-
bral venous system. (From del Regato, JA,214 with
permission.)

illustrates some of the pathways available
for metastatic spread to the axial skeleton
from pelvic, abdominal, thoracic, and
breast malignancies.

In a series of experiments supporting
this hemodynamic approach,23 suspen-
sions of tumor cells were injected into the
veins of rats and rabbits. The pattern of
metastases in animals (experimental group)
in which intra-abdominal pressure was el-
evated transiently during the injection was
compared with the pattern in which there
was no increase in pressure (control
group). The results of these studies con-
firmed Batson's hypothesis. In nearly all
of the control animals, the metastases were
localized to the lungs alone. The majority
of experimental animals, however, dem-
onstrated spinal metastases. Furthermore,
the spinal metastases arose from emboli to
the thin-walled vertebral veins, not the ar-
terial system.

Although the system of vertebral veins
that has come to be called Batson's plexus
can explain many cases of aberrant metas-
tasis, it is now recognized that patterns of
metastases are not explained by hemody-
namic factors alone. Although the hemo-
dynamic model may explain the arrest of
tumor embolus in a specific organ, it may
not predict the ultimate pattern of metas-
tasis, which requires invasion and growth
of the tumor cells.24 Thus ultimately both
Paget's seed-and-soil hypothesis20 and
Ewing's anatomic and hemodynamic fac-
tors25 may also have a role in explaining
the metastatic spread of cancer.19

Location of Epidural Tumor in
Relation to Spinal Cord

Spinal metastases may be intramedul-
lary, leptomeningeal or epidural in loca-
tion (Fig. 5-3). Intramedullary and lep-
tomeningeal neoplasms are discussed
elsewhere in this book. Epidural metasta-
ses and resulting ESCC can occur in to
one of three sites: the vertebrae, the par-
avertebral tissues, or the epidural space it-
self (Fig. 5-3 C, D, and E). By extending
into the adjacent vertebral canal, a tumor
in any of these locations may impinge on
the neural structures. An understanding
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Figure 5-3. Locations of metastases to the spine are
shown. Intramedullary metastases are located within
the spinal cord (A). Leptomeningeal metastases are
in the subarachnoid space (B) and are extramedul-
lary and intradural. Epidural metastases arise from
the extension of metastases located in the adjacent
vertebral column (C), in the paravertebral spaces
through the intervertebral foramina (D), or rarely, in
the epidural space itself (E). As these epidural metas-
tases grow, they compress adjacent blood vessels,
nerve roots, and spinal cord, resulting in local and
referred pain, radiculopathy, and myelopathy. (From
Byrne, TN,215 with permission.)

of these different mechanisms of compres-
sion is helpful in recognizing the patho-
genesis of spinal cord compression and in-
terpreting imaging studies.

The vertebral column is the most fre-
quent site from which metastases may
cause ESCC. The regions involved most
often are the vertebral body (especially
subchondral areas) and the pedicles (Fig.
5-4), probably because of the extensive
vascular supply to these areas.26,27

In one study, 85% of patients with
metastatic ESCC at Memorial Sloan-
Kettering Cancer Center (MSKCC) were
found to have vertebral column involve-
ment.28 In a neurosurgical series,29 review
of the radiological findings of 600 cases of

Figure 5-4. This CT scan of the lumbar spine
demonstrates a metastasis from lung cancer (arrows)
to a pedicle, which extends into the vertebral body,
vertebral canal, and paravertebral tissues.

spinal cord compression from metastatic
cancer showed the vertebral column was
involved in 94% of cases. Of those with
vertebral metastases, 86% showed more
than one involved vertebral body. Isolated
bone lesions without extension of tumor
into the epidural space were found in 10%
of the 600 cases; in this setting, vertebral
body collapse with resulting cord com-
pression was considered responsible for
neurologic abnormalities. These findings
not only explain the pathogenesis of many
cases of metastatic ESCC (vertebral in-
volvement leads to cord compression) but
also place in perspective the value of per-
forming radiological procedures on the
vertebral column. One must conclude that
a negative plain radiograph of the spine
or a negative radionuclide bone scan does
not entirely exclude metastatic ESCC, be-
cause a few patients will have no vertebral
involvement. Although radionuclide bone
scanning is far more sensitive than plain
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radiographs in the detection of bone me-
tastases,30'31 false-negative radionuclide
bone scans remain a problem.32

Paravertebral tumors that extend into
the vertebral canal through the intervene -
bral foramina constitute another impor-
tant cause of ESCC. Plain radiographs of
the spine and radionuclide bone scan are
often unrevealing if the vertebrae are not
involved by tumor. While any paraverte-
bral neoplasm may be responsible, this
phenomenon seems to be most commonly
observed in patients with renal cell cancer,
superior sulcus tumors (Pancoast syn-
drome33), neuroblastoma, and lymphoma,
especially if the paravertebral regions are
not included in the radiotherapy port
(Fig. 5-5A).5 Lymphoma is considered a
neoplasm especially prone to cause spinal
cord compression by invading the
epidural space through the intervertebral
foramina from paravertebral lymph nodes
rather than via the more commonly
encountered vertebral metastasis (Fig.
5-5B).28 Among all cases of metastatic

ESCC, exactly how often paravertebral tu-
mors are responsible is unknown, but one
estimate is approximately 10%.28 With the
advent of high-resolution CT scanning
and MRI that can adequately study the
paravertebral soft tissues, these lesions
may be more frequently recognized.

Pure epidural lesions alone are rare. In
the neurosurgical series referred to
above,29 the incidence of epidural tumor
alone was 5% (Fig. 5-6).

Pathology

The evolution of spinal cord symptoms
and signs may be better appreciated in
light of the pathological findings within
the spinal cord, including areas of de-
myelination, infarction, and cystic necro-
sis.

Over 30 years ago, McAlhany and Net-
sky34 performed a clinicopathological
study on a series of patients with extra-
medullary spinal cord compression. Of

Figure 5-5. Paravertebral neoplasms with epidural extension through in-
tervertebral foraminae without bone involvement. (A) This myelogram
demonstrates an epidural metastatic breast cancer at the Tl-2 level. The
bone scan and plain films were negative. The tumor had extended from a
paravertebral mass through the intervertebral foramen. (B) This upper
lumbar spine CT scan demonstrates a paravertebral lymphoma (arrow-
head) extending into the epidural space (arrow).
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Figure 5-6. A CT scan of the lumbar spine of an 82-year-old woman with rectal carcinoma who complained of
radiating pain into the left anterolateral thigh. Her left knee deep tendon reflex was absent. (A) CT scan of the
lumbar spine using soft-tissue windows demonstrates a metastasis in the epidural space. (B) CT scan at the same
level using bone windows shows no vertebral involvement.

the 19 cases reported, 15 were epidural,
predominantly from metastatic can-
cer; the remaining 4 were intradural-
extramedullary meningiomas. These au-
thors found no correlation between the
location of the neoplasm in the transverse
plane of the spinal cord and the present-
ing neurologic complaint of their patients.
For example, in a patient with a laterally
placed epidural mass, corticospinal dys-
function was not ipsilateral to the lesion
initially, nor was the loss of pain and tem-
perature contralateral. This clinical obser-
vation was explained by the fact that both
the ipsilateral and/or contralateral areas
were demyelinated. At times, the con-

tralateral damage was more marked than
the ipsilateral injury. Furthermore, the
white matter tended to be more severely
affected than the gray matter. The white
matter of the anterior funiculus was rela-
tively spared in comparison to that of the
lateral and posterior columns, even in
ventrally placed epidural masses. Thus
the authors rejected the previously held
belief that the dentate ligaments, which
anchor the spinal cord in the vertical
plane, play a significant role in the evolu-
tion of spinal cord compression.35 More-
over, distribution of pathology in the
transverse plane did not reveal areas of
demyelination that conformed to the arte-
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rial supply. In addition to demyelination,
areas of infarction were also found, but
the regions of infarction did not conform
to the vascular distribution of any major
radicular or sulcal blood vessel.

Pathologists have also reported pencil-
shaped softenings of the spinal cord at the
level of epidural tumors.36 These soften-
ings may extend longitudinally over sev-
eral segments of the spinal cord in a cepha-
lad or, less frequently, caudad direction.
The necrotic cavity that forms the pencil-
shaped softening is usually located in the
ventral portion of the posterior column or
posterior horn. This region, which corre-
sponds to the region involved in cases of
venous infarction,37,38 is also considered to
be a watershed zone for arterial circula-
tion.37 Although circulatory disturbances
are important in the development of pen-
cil-shaped softenings,39 mechanical factors
also have been cited.36 These cystic
necrotic lesions have been imaged using
delayed CT myelography and MRI.

Pathophysiology of Neurologic
Signs and Symptoms in Spinal
Cord Compression

The mechanism by which epidural tumors
induce spinal cord injury is complex and
probably multifactorial. Neurosurgical ex-
perience has shown that venous engorge-
ment and diminished arterial pulsation
both play a role.40 Tarlov41,42 undertook a
series of experiments to produce acute or
chronic ESCC in dogs. He inflated a bal-
loon in the spinal canal for varying peri-
ods of time. When the balloon was rapidly
inflated to a pressure just sufficient to pro-
duce motor paralysis and complete sen-
sory loss below the compression, recovery
ensued if the compression was relieved
within two hours. However, when the bal-
loon was slowly inflated over a 48-hour
period, a pressure just sufficient to cause
complete paralysis and a sensory level at
the level of compression could be main-
tained for one week before paralysis
was irreversible. Tarlov considered that,
rather than ischemia, this type of mechan-
ical pressure on nervous tissue was pri-
marily responsible for paralysis.43

Several authors have studied the se-
quence of vascular, biochemical, patholog-
ical, and neurophysiological changes in
experimental ESCC under conditions that
simulate those of neoplastic cord com-
pression. Ushio and colleagues44 injected
Walker 256 carcinoma cells into the
epidural space of the rat and demon-
strated that vasogenic edema of the spinal
cord is an early pathological finding. A
marker normally excluded from the spinal
cord entered the cord at the site of com-
pression, suggesting the breakdown of the
blood-spinal cord barrier as a cause of
edema. As vasogenic edema developed,
animals manifested increasing hindlimb
weakness. Improvement in spinal cord
function following the administration
of corticosteroids to the animals was par-
alleled by improvement in vasogenic
edema.

These findings have been extended and
confirmed.45,46 The pathophysiology of cir-
culatory disturbances secondary to ESCC
appears to follow a stepwise progression:
(1) Compression of Batson's plexus by tu-
mor causes venous congestion, white mat-
ter edema, and axonal swelling and is
associated with the clinical evidence of
early myelopathy. Experimentally, these
changes may occur in the absence of tu-
mor within the spinal canal, suggesting
that paravertebral masses may disturb ve-
nous drainage in the spinal cord, resulting
in neurologic symptoms. At this early
stage of spinal cord compression, spinal
cord blood flow is not diminished.46 (2) In
the middle stage, direct tumor compres-
sion of the spinal cord is added to venous
congestion of the cord. White matter
edema progresses, and spinal cord blood
flow becomes altered at the level of com-
pression and caudal to compression in
response to carbon dioxide inhalation.
Clinical evidence of myelopathy also pro-
gresses. During this period when the
spinal cord edema is vasogenic, the edema
and clinical signs of myelopathy may be
improved by the administration of cortico-
steroids.44,47 (3) In the final stage of spinal
cord compression, the tumor compresses
the spinal cord further, blood flow drops
precipitously, and irreversible spinal cord
damage occurs.
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Several recent studies have attempted to
identify the biochemical processes in-
volved in the pathophysiology of neuro-
logic dysfunction. Confirming an earlier
report,48 Siegal and colleagues49 found
abnormalities in spinal somatosensory-
evoked responses preceding neurologic
signs of myelopathy. In an experimental
model, they studied prostaglandins and
cord edema. Myelin destruction was caused
by both mechanical compression and
ischemia as demonstrated by electron-
microscopic studies. Subsequently, these
authors conducted a series of investiga-
tions studying the roles of prostaglandin
E2, serotonin, and glutamate in the patho-
physiology of neoplastic spinal cord com-
pression. 49-53 These studies demonstrated
an increase in prostaglandin E2 and an in-
creased metabolism of serotonin. In a pre-
vious study, prostaglandin E2 had been
reported to promote vasodilatation and
plasma exudation in parallel with the de-
velopment of spinal cord edema.54 Fur-
thermore, Siegal and colleagues reported
that serotonin antagonists, such as cypro-
heptadine, improve spinal cord function
in experimental animals.51,52 In addition,
the glutamate antagonists ketamine and
MK-801 diminish spinal cord edema.52

These studies are of interest, but their
clinical implications are as yet unknown.
Because glutamate does not trigger cal-
cium-mediated injury of white matter ax-
ons,55 and several alternative pathways in-
volving the Na+-Ca2+ exchanger56,57 and
calcium channels58 are involved in this
process, it seems likely that treatment with
multiple physiological agents will be nec-
essary for protection of the spinal cord in
ESCC.

Mechanical compression of spinal axons
per se may also interfere with conduction.
It is well established that focal compres-
sion of myelinated fiber tracts can cause
damage to myelin59 and the conduction
block.60 As would be expected from a bio-
mechanical perspective, larger fibers are
more susceptible to the effects of compres-
sion.61,62 On the basis of careful morpho-
logical study, it is now clear that demyeli-
nation can occur at sites of spinal
cord compression63-65 (Fig. 5-7). There is,
moreover, some evidence for remyelina-

tion after transient compression of the
spinal cord,66 providing a possible mor-
phological correlate for recovery of func-
tion following prompt surgical relief of
spinal cord compression.

Types of Primary Neoplasms
Metastasizing to the Spine

Several studies report the relative fre-
quency of primary tumors that metastasize
to the spine and cause ESCC.1,2,4,5,7,10,29,67

As discussed earlier, such reports from
neurosurgical series select patients who
are considered candidates for surgical
procedures. If patients who are not surgi-
cal candidates are excluded, the epidemi-
ological data are subject to bias. In an at-
tempt to overcome a selection bias, the
studies reviewed in Table 5-1 and cited
below are those that attempted to include
all patients that presented to reporting
institutions, irrespective of the therapy
chosen.4-7

The often-quoted autopsy study of 127
cases exhibiting symptomatic spinal cord
compression by Barron and colleagues4

provides a basis for epidemiological analy-
sis of metastatic ESCC. A review of their
findings indicates that epidural metastasis
was found in all but three patients (two
with intramedullary metastases and one
with leptomeningeal metastases) whose
primary tumor types were also recorded.
Thus, the risk of developing spinal cord
compression with each individual tumor
type could be determined. Over ten dif-
ferent primary tumors were found to be
responsible for ESCC. In descending fre-
quency, the five most common malignan-
cies were lung (n — 31; 24%), breast (20;
16%), lymphoma (20; 16%), kidney (12;
9%), and myeloma (9; 7%). Recognizing a
changing pattern of primary malignan-
cies, these authors noted that neither the
earlier series of Neustaedter68 nor that of
Elsberg69 reported a case of lung cancer as
a cause of spinal cord compression. Also,
unlike an earlier series70 in which spinal
metastasis from prostate cancer was con-
sidered a rarity, Barron and colleagues4

found it to be the fifth most common cause
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Figure 5-7. Extradural lymphoma (L) abutting the spinal dura (D). The adjacent lateral column shows a poorly
defined area of subtle demyelination (asterisk). Arrow: Anterior median fissure. Luxol fast blue stain. Magnifi-
cation X 14. (Courtesy of Dr. Jung Kim.)

in males. The increasing frequency of
spinal metastases from prostate cancer is
discussed below.

Gilbert and colleagues5 found breast,
lung, and prostate cancers to be the most

frequent primary tumors causing ESCC,
comprising over 40% of the total cases (see
Table 5-1). The relative frequencies of
these primary tumors reflected those com-
monly observed at MSKCC, except that

Table 5-1. Types of Primary Tumors Causing Metastatic Epidural Spinal Cord
Compression in Various Series (%)

Primary Tumor

Lung
Breast
Prostate
Kidney
Myeloma
Lymphoma
Melanoma
Sarcoma
Female reproductive
GI
Miscellaneous

Barron et al.4

24
16
4
9
7

16
— *

6
—
5

13

Gilbert et al.5

13
20
9
7
4

11
3
9
2
4

18

Stark et al.7

33
28
4
3

Excluded
Excluded

1
1
3
5

22

Rodichok et al.6

31
24
8
1
1
6
4
4
6
9
8

*— = insufficient data.
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gastrointestinal tumors did not cause
spinal cord compression as frequently as
would have been expected based on their
relative incidence. A similar experience
was reported by Barron and colleagues.4

Of further interest, Gilbert and associates5

found lymphomas less frequently repre-
sented in the later years of their study.
They attributed this change to modified
therapy that includes total nodal irradia-
tion including the paravertebral regions.

The London Hospital study by Stark
and colleagues7 (see Table 5-1) reports a
ten-year experience of spinal metastases
from solid tumors (hematological malig-
nancies were excluded). Although there
are some differences in the relative fre-
quencies of primary tumors in these vari-
ous series, lung, breast, and prostate
cancers are generally the most frequent
offenders. Furthermore, lung cancer is
much more likely to present initially as a
spine metastasis than breast cancer; the
latter usually causes spinal cord compres-
sion after the diagnosis of cancer is al-
ready established.7 Although not a com-
mon cause of ESCC, leukemia is an
occasional offender.

Table 5-2 demonstrates the relative fre-
quency of primary malignancies causing

Table 5-2. Types of Primary Tumors
Causing Metastatic Epidural
Spinal Cord Compression
in Men and Women (%)

Stark et al.7 Barron et al.4

Male Female Male Female

ESCC for men and women separately.7

This information is important in evaluat-
ing the patient who presents with the clin-
ical and radiographic constellation of ma-
lignant ESCC.

As noted above, by comparing the num-
ber of autopsied cases of spinal cord com-
pression secondary to a specific tumor
with the total number of autopsied cases
with the same neoplasm, Barron and
colleagues4 were able to estimate the
risk of developing spinal metastasis with
individual neoplasms. Multiple myeloma
and prostate cancer had the highest risks,
14% and 10%, respectively; ovarian (0%)
and stomach cancer (1%) were the least
likely to cause spinal cord compression.
The commonly encountered breast and
lung malignancies had frequencies of
approximately 5% each. The authors
noted that these frequency figures
should be considered as minimums since
some patients with spinal cord compres-
sion may not have been recognized clini-
cally.

The changing pattern of spinal metas-
tasis from prostate cancer deserves fur-
ther comment. Barron and associates4

noted that the incidence of spinal cord
compression in their patients with pros-
tate cancer was significantly higher than
that found in an earlier study.70 They
speculated that the increasing frequency
of spinal metastases could be due to the
advent of hormonal manipulation, which
might prolong life and could, thereby, in-
crease the risk of metastases (hormones =
improved therapy = longer life = more
time to develop complications). Although
some recent studies continue to show a
low frequency of spinal metastasis from
prostate cancer,71 others have found that
80% of men dying of prostate cancer
demonstrate vertebral metastases,72 al-
though in one recent series spinal cord
compression was found in only 7%.73 A
similar experience of increasing neuro-
logic involvement, as more effective con-
trols of systemic malignancy evolve, has
been reported for other types of ma-
lignancy such as leukemia,74-77 lym-
phoma,78'79 small-cell bronchogenic carci-
noma,80 and others.81

Lung
Breast
Prostate
Kidney
Myeloma
Lymphoma
Melanoma
GI
Female

reproductive
Miscellaneous

53
0
8
3

12
59

N/A
3

32
0
8

12
8

20

5

N/A
15

14
39

N/A
6
6
9

5

6
15

Excluded
Excluded
0
5

N/A
31

6
16

1
3
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Interval From Primary Tumor
Diagnosis to Epidural Spinal Cord
Compression

The interval between the diagnosis of can-
cer and the development of spinal cord
compression is extremely variable. In the
series from MSKCC, it was zero to 19
years.5 While only ten patients in this series
presented with cord compression as the
initial manifestation of their malignancy,
this may be explained by the fact that most
patients in a cancer hospital already carry a
diagnosis of malignancy. Alternatively, in
the study from the London Hospital,7 62 of
131 patients had spinal cord compression
as the presenting manifestation of cancer.
The series reported by Barren and col-
leagues4 from a general hospital similarly
concluded that lung cancer often presents
with spine metastasis, whereas this mode of
presentation is atypical with breast cancer.
These factors probably explain the greater
frequency of breast cancer than lung pri-
maries in the MSKCC series.5

Age and Gender Distribution

The age of patients with spinal metastases
reflects the age at which the respective pri-
mary neoplasms occur. In many series, in-
cidence rates peak at 50-70 years.5-7,67

Similarly, the sex ratio is dependent on
the underlying neoplasms. Breast cancer
has been much more frequently observed
than lung cancer in women, but this is ex-
pected to change as lung cancer becomes
more common.

Level of Spinal Cord Compression

Most studies agree that the thoracic spine
is the most frequent site of spinal cord
compression.4,5,7,73,82,83 In the MSKCC se-
ries,5 the cervical spine was the site of
epidural tumor in 15% of cases, the tho-
racic spine in 68%, and the lumbosacral
spine in 16%. Lung and breast cancer
tended to metastasize to the thoracic
spine, whereas the spread of colon cancer

was disproportionately more frequent to
the lumbosacral spine.5 In two other stud-
ies71,73 of genitourinary tumors alone, the
thoracic spine was the most common site,
followed by the lumbar and then the cervi-
cal spinal regions.

In the London Hospital study,7 breast
metastases showed no predisposition to
any single area of the spine. Pelvic tumors
more often spread to the lumbar spine
than tumors from elsewhere. Lung cancer
demonstrated a slight tendency to spread
to the thoracic spine.

Clinical Presentation of
Epidural Metastasis

The dominant presenting clinical signs
and symptoms of ESCC are pain, weak-
ness, sensory loss, and autonomic distur-
bance; on rare occasions, ataxia is found.
This pattern is similar among patients
with different primary tumors.7 The time
course of these signs and symptoms is im-
portant for diagnosis as well as for predict-
ing outcome.

PAIN

Pain is the most common initial complaint
of both vertebral metastasis and ESCC. In
cancer patients with symptoms and signs
of spinal metastases, it is often difficult to
distinguish those patients with vertebral
metastasis alone from those with spinal
cord compression. In a study of patients
with symptoms of spinal metastases who
were suspected of ESCC,84 no single clini-
cal symptom or sign, or index of symp-
toms and signs, could accurately distin-
guish between patients with metastatic
cord compression and those with vertebral
metastasis alone. Thus each patient with
symptoms or signs of spinal metastases
must be viewed as at risk for ESCC.

Pain generally occurs at the stage of irri-
tation of the innervated spinal structures,
before spinal cord or cauda equina com-
pression occurs. The prognosis for contin-
ued ambulation is optimal if the diagnosis
is made at this stage.
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In their autopsy study, in which the pa-
tients were not examined directly by the
authors, Barron and colleagues4 reported
back pain, radicular pain, or both as pre-
ceding signs of neurologic deficit in 82%
of patients. Chade67 reported radicular
pain in 96% of 172 cases with ESCC re-
ferred to a neurosurgical clinic. In the
London Hospital,7 a somewhat lower inci-
dence of pain was reported as the present-
ing manifestation, with 69% describing
this complaint preceding neurological
deficit. However, at the time of diagnosis
of spinal cord compression, only 14% of
patients denied pain. When pain was re-
ported, it was described as axial (local) in
72% of cases, and radicular in 41%. There
was no significant difference in the preva-
lence of pain between groups of patients
with different primary tumor types.

In the MSKCC series,5 pain was the pre-
senting symptom in 96% of 130 cases of
ESCC (Table 5-3). Pain was of an axial
and/or radicular type. Radicular pain was
found in 79% of cervical lesions, 55% of
thoracic lesions, and 90% of lumbosacral
lesions and was typically bilateral when it
occurred in the thoracic region. Occasion-
ally, local and radicular pain were mislead-
ing in localizing the level of spinal in-
volvement. Of particular note, vertebral
tenderness was reported in only 42 of 130
patients.5 The London Hospital study7

found no spinal tenderness in over 25% of

Table 5-3. Signs and Symptoms of
Epidural Spinal Cord Compression in
130 Patients*

First Symptoms at
Symptom Diagnosis

Sign/Symptom No. No. %

125 96 125 96

cases. These results are comparable to an-
other study85 in which findings on physi-
cal examination were correlated with
spinal CT scanning. No spinal percussion
tenderness was reported in seven of 20 pa-
tients with epidural extension of tumor
from a vertebral metastasis. Thus, al-
though it is often sought by clinicians,
spinal tenderness is absent in many pa-
tients ultimately proven to have ESCC.

Pain of epidural spinal metastasis is of-
ten reported to be exacerbated by the Val-
salva maneuver, neck flexion, and, less
commonly straight-leg raising.5 In addi-
tion, recumbency provokes pain in many
patients.4,5,86 At times, because the pain
appears intermittent and exacerbated by
activity, it may be considered secondary to
a musculoligamentous strain or bony in-
stability. Often the diagnosis of spinal cord
compression is delayed because the com-
plaint of pain, in the absence of other neu-
rological signs, is attributed to arthritis,
rheumatism, or neurosis.1,4,10 As empha-
sized in Chapter 3, the finding of inciden-
tal osteoarthritis or degenerative joint dis-
ease on radiographs of the spine can be
interpreted as confirming the incorrect clin-
ical impression in these cases and can result
in a delay in diagnosis of several months.10

The duration of pain prior to diagnosis
of the spinal cord compression from dif-
ferent primary tumors had been analyzed
in the London Hospital series.7 On aver-
age, pain was present for 5 months (range
3 days to 3.8 years) prior to diagnosis.
This duration was significantly shorter for
spine metastases from lung cancer (mean,
4 months) than for metastases secondary
to breast cancer (mean, 7 months). In the
MSKCC series,5 the median duration of
pain was 2 months for all patients irre-
spective of their primary tumor. Similar
results have been reported by others.10

MOTOR LOSS

Although weakness may be the presenting
complaint in some patients with metasta-
tic ESCC, it much more commonly fol-
lows pain. For example, as shown in Table
5-3, only two of 130 patients in the
MSKCC series5 had weakness as the initial

%
Pain
Weakness
Autonomic

dysfunction
Sensory complaints
Ataxia
Herpes zoster
Flexor spasms

0
0
2
0
0

0
0
2
0
0

74
66
4
3
2

57
51

3
2
1

*From Gilbert, RW, et al.,5 p. 42, with permission.

2 2 99 76
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manifestation of cord compression. How-
ever, at the time of diagnosis, these au-
thors reported subjective weakness in over
76% of patients and objective signs of
weakness in 87%.

In the London Hospital series,7 leg
weakness was reported in 82% of patients
at the time of diagnosis. According to the
Medical Research Council scale, 24% of all
patients were graded as 0-1/5 strength.
Among patients with spinal metastasis
from lung cancer, 40% were grade 0-1/5,
compared with 16% of those with metasta-
sis secondary to breast cancer. As the se-
verity of neurological deficit at the time of
diagnosis affects outcome, this difference
may account for the worse prognosis ex-
perienced by patients with spine metasta-
ses from lung cancer than from breast
cancer.

SENSORY LOSS

Although often present at the time of di-
agnosis, sensory loss is rare as a sole pre-
senting manifestation of metastatic ESCC;
it was not the presenting manifestation
in any of the 600 patients with spinal
metastasis reported by Constans and col-
leagues.29 Although sensory disturbance
was not the presenting complaint in any of
the 130 patients from MSKCC,5 numbness
and paresthesias were reported at the time
of diagnosis by 51% of patients (Table
5-3). On examination, sensory loss was
found in 78% of the MSKCC group. Loss
of pinprick sensibility was as frequent as
loss of vibration and position sense.

In the London Hospital series,7 sensory
symptoms were present in the form of
radicular complaints in 17% of patients.
Numbness or tingling below the level of
the lesion was present in 44%. A sensory
level was found on physical examination
in 72%. No difference was found in sen-
sory symptoms or signs among patients
with different primary tumors metastatic
to the spine. Although generally there was
a good correlation between the sensory
level and the level of cord compression,
misleading sensory levels were observed in
this study and have been reported by oth-
ers. For example, Barron and colleagues4

reported cases of sacral sensory sparing

associated with extramedullary tumors,
perhaps due to the collapse of intramedul-
lary blood vessels as the tumor enlarges,
causing patchy areas of infarction and de-
myelination, as has been shown patho-
logically.34 The lamination of the lateral
spinothalamic tracts is often responsible
for an apparent ascending sensory level in
patients with extramedullary neoplasms.

AUTONOMIC DISTURBANCES

As an initial and isolated finding, sphinc-
ter disturbances are infrequently the pre-
senting manifestation of ESCC, unless the
lesion is located at the conus medullaris or
cauda equina.5,87-90 Among the series of
600 patients reported by Constans and
colleagues,29 sphincter disturbances were
the sole presenting complaint in only 2%
of patients. Similarly, one of 127 patients
reported by Barron and colleagues4 pre-
sented with isolated incontinence several
weeks in duration.

In the MSKCC series,5 no patients pre-
sented with sphincter dysfunction alone.
At the time of diagnosis, however, sphinc-
ter disturbances were present in 57%
(Table 5-3). The only patients with sphinc-
ter disturbances without motor or sensory
loss were those with lesions at Tl0-12 ver-
tebral bodies. Sphincter disturbance was a
poor prognostic indicator for continued
ambulation after therapy.

Alternatively, patients with caudal tu-
mors may present with bladder difficul-
ties and impotence.87,88 Large volumes of
urine may be retained, with secondary
overflow incontinence.

UNUSUAL CLINICAL
MANIFESTATIONS

The Brown-Sequard syndrome (ipsilateral
weakness and position/vibration loss and
contralateral pain, and temperature dys-
function) is rare among patients with
metastatic ESCC.67 Only 2% of cases in the
London Hospital series had a true Brown-
Sequard syndrome.

Herpes zoster is commonly observed in
patients suffering from cancer. Some au-
thors have claimed that an eruption of
zoster frequently will presage an episode
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of spinal cord compression at the same
level. Among the 127 patients reported by
Barron and colleagues,4 seven had an
eruption at the level of cord compression.
In another series,5 three of 130 patients
were similarly affected. Others have not
commented on the association.7,29 Some
authors consider that the virus in the dor-
sal root ganglion is activated by tumor in-
vasion.4,5

Gait ataxia91 and truncal ataxia92 have
been reported as rare presenting manifes-
tations. Ataxia was the sole presenting
symptom in 2% of cases in the MSKCC se-
ries and was present in an additional
seven patients on examination.5 The
mechanism of gait ataxia was not sec-
ondary to position sense abnormalities;
these were not significantly impaired. It
may be secondary to compression of the
spinocerebellar tracts and, when not asso-
ciated with pain or signs of myelopathy,
may suggest cerebellar or cerebral disease.

Laboratory Studies

CEREBROSPINAL FLUID ANALYSIS
AND LUMBAR PUNCTURE

There is no specific information to be
gained from CSF analysis that assists in
the diagnosis of malignant ESCC. There-
fore, lumbar puncture should not be per-
formed to rule in or rule out this diagno-
sis. If infectious or neoplastic meningitis is
suspected, CSF analysis is indicated, with
close neurological observation following
lumbar puncture and neurosurgical con-
sultation when indicated.

Abnormalities in CSF in cases of malig-
nant ESCC are nonspecific. Because the
tumor is epidural, and not within the cen-
tral nervous system per se, CSF findings
differ from those in leptomeningeal can-
cer, in which malignant cells are present
within the subarachnoid space. The CSF
may be obtained from patients at the time
of myelography. The protein content is
typically elevated, as expected in cases of
partial or complete spinal block. In the de-
tailed London Hospital report,7 of 56 CSF
analyses the protein was below 40 mg per

dl in 9 cases, between 41 and 100 mg per
dl in 11 cases, and above 100 mg per dl in
36 cases. In the study of Barron and col-
leagues,4 the lowest CSF protein in the set-
ting of a complete manometric block was
48 mg per dl. The highest protein levels
were found in cases of epidural tumor in
the region of the cauda equina, with one
case showing a protein level greater than
2000 mg per dl. At higher spinal levels,
the CSF protein did not correlate with the
level of spinal cord compression or the
primary tumor type.

The CSF cell count is usually normal;
Barron and colleagues4 found CSF pleocy-
tosis in only one case, in a patient with
an associated carcinomatosis of the lep-
tomeninges. In the London Hospital7 ex-
perience, CSF pleocytosis occurred in 7 of
56 patients, but only 2 had over 10 cells.
This mild CSF pleocytosis may reflect in-
flammation from a parameningeal tumor
or concomitant metastases involving the
leptomeninges. Although these authors
did not find malignant cells in the CSF of
their patients, it is well known that the
CSF cytology is positive in approximately
60% of patients with leptomeningeal inva-
sion on the initial lumbar puncture.93,94

The CSF glucose is typically normal in
cases of malignant ESCC.

Lumbar puncture in the presence of in-
creased intracranial pressure secondary to
mass lesions may result in a cerebral and
cerebellar herniation.95,96 Similar risk of
spinal herniation is a concern in patients
harboring spinal tumors. Although not
all investigators have had similar experi-
ences,4 some reports suggest that lumbar
puncture may result in neurological deteri-
oration in patients with extramedullary
neoplasms.97,98 For instance, Elsberg40 be-
lieves that radicular pain and neurological
disturbances worsen after the removal of
spinal fluid in some patients with spinal tu-
mors. He particularly notes that occasion-
ally an indefinite sensory level becomes dis-
tinct after lumbar puncture is performed.40

A recent study98 reviewed the risk of
neurological deterioration below the level
of a complete spinal subarachnoid block
after lumbar puncture for myelography.
In this retrospective series, 14% of 50
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patients had significant neurological dete-
rioration after lumbar puncture. No dete-
rioration was observed in patients under-
going myelography via a cervical (Cl-2)
puncture. The mechanism for neurologi-
cal deterioration following lumbar punc-
ture is uncertain but is thought to be sec-
ondary to impaction of the spinal cord
tumor, also known as spinal coning." Els-
berg40 attributed it to removal of CSF,
which acted as a buffer between the tumor
and the spinal cord.

Despite these occasional reports, the
risk is difficult to establish. There were no
cases of clinical worsening that could be
attributed to lumbar puncture in 72 pa-
tients reported in the series of Barron and
colleagues.4 No neurological worsening
was reported after myelography in several
series5-7 composed of an accumulated sev-
eral hundred patients. The advent of MRI
precludes the need for myelography in
most patients.

Diagnostic Imaging Studies

Radiological evaluation of patients with
suspected spinal cord compression is
changing because of rapid advances in
imaging techniques. Plain radiography,
radionuclide bone scanning, and myelog-
raphy have been the standard techniques
reported in large clinical studies, which
form the basis of our current understand-
ing of the problem. Both CT and MRI
have now emerged as important imaging
modalities for the evaluation of these pa-
tients.11,85,100,101

This section reviews selected reports
concerning the value of various imaging
techniques in the evaluation of metastatic
spinal cord compression. Myelography
was historically considered to be the gold
standard; however, it has been replaced by
less invasive MRI in most cases. Neverthe-
less, in those patients who cannot undergo
MRI (such as those with aneurysm clips or
pacemakers, those who cannot remain still
during the procedure, or those patients
in hospitals where MRI is not avail-
able), myelography remains a procedure
of choice.

PLAIN RADIOGRAPHY

Plain radiography of the spine often is
performed as an initial screening test in
patients who may have metastatic ESCC,
because epidural metastases usually ex-
tend from metastasis in the vertebra.
Some of the abnormalities observed in
patients with metastatic disease include
osteolytic and/or osteoblastic lesions and
collapse of vertebrae. Paravertebral soft
tissue masses are also occasionally ob-
served.

Plain radiographs of bone are very in-
sensitive to the presence of metastatic dis-
ease because at least 50% of bone must be
destroyed before a lesion is identified.102

In a postmortem study of spinal metasta-
ses, Wong et al.103 found that approxi-
mately 25% of lesions were not identified
on plain radiographs. Furthermore, the
radiological manifestations of metastatic
disease are protean and require the inter-
pretation of a skilled radiologist. The
physician who has examined the patient
should review the radiographs with the
radiologist to provide clinical-radiological
correlation.

The Barron series4 provides information
regarding the findings on plain radi-
ographs of the spine in an era prior to the
development of many of the newer imaging
modalities. Overall, these authors found
that 83% of patients with spine metastases
complaining of back or radicular pain alone
had roentgenographic signs of metastatic
disease. The frequency of roentgeno-
graphic involvement varied among differ-
ent primary tumors. In cases of spine me-
tastasis secondary to carcinoma of the
prostate, breast cancer, and multiple my-
eloma, abnormal plain radiographs were
generally present even at the stage of pain
before the development of neurological
signs. Such was not the case, however, with
lung cancer, lymphoma, and renal cancer,
where normal plain radiographs, although
still in the minority, were more common.

In the same series,4 among patients with
different primary tumor types, the fre-
quency of solitary spinal metastasis was
compared with multiple metastases. Carci-
noma of the breast and multiple myeloma
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invariably were associated with several
vertebral levels of involvement, whereas
lung cancer, renal cancer, and lymphoma
often demonstrated only a single level of
metastasis on plain radiographs. Of the
109 cases available for plain radiograph
analysis, the test did not accurately predict
the level of involvement in 15 patients
(14%); in eight, the epidural lesion was
distant from the site of metastasis ob-
served on plain radiograph; and in seven
patients, the spine was too diffusely in-
volved to define a level of epidural dis-
ease.

The London Hospital study7 also in-
cludes an analysis of findings on plain ra-
diographs of the spine (Table 5-4); these
findings largely corroborate those noted
in the previous series.104 Of all patients
with spinal cord metastases, 16% had nor-
mal plain radiographs, whereas 84%
showed involvement by tumor. However,
not all tumors demonstrated a similar fre-
quency of plain radiograph abnormality;
spinal metastases arising from carcinoma
of the breast were much more likely to
demonstrate abnormalities on plain radi-
ographs (94%) than those arising from
carcinoma of the lung (74%). Moreover,
metastases from carcinoma of the lung
were much more likely to involve only a
single vertebral level (52%) than those
from carcinoma of the breast (18%). The
latter tumor frequently involved several
noncontiguous vertebrae (50%). This in-
formation underscores the difficulty of
confidently predicting the level of epidural
tumor using plain radiographs alone, par-
ticularly when a tumor commonly spreads

to several noncontiguous vertebrae (breast
cancer), or when plain radiographs are
negative altogether (lung cancer). Tumor
involvement at multiple vertebral levels in
patients with breast cancer has been con-
firmed recently. In a series of 42 patients
with myelographically documented ESCC,
at least two vertebral metastases were ob-
served on plain radiographs in 90% of
cases, and three or more lesions were
present in nearly 75%.105 Other studies
have demonstrated that prostatic cancer
also has a very high incidence of spread-
ing to multiple vertebral levels, as demon-
strated radiologically and at autopsy.15,72

In another series,106 88% of patients
with spine metastases were found to have
abnormal plain radiographs. The series
from MSKCC,5'28 found that when epidural
tumor was present on myelography, verte-
bral involvement was observed on plain
radiographs in approximately 85% of pa-
tients, closely correlating with the overall
frequency noted in the other studies.

Plain radiographs may be misleadingly
normal in some cases of spinal metastases.
For example, although intramedullary
spinal cord metastases account for only
approximately 5% of spinal metastases,28

they need to be considered in cancer pa-
tients with back pain and myelopathy. Yet
intramedullary metastases are associated
with normal plain radiographs of the
spine in 75% of cases.107 Similarly, normal
plain radiographs of the spine are ob-
served in approximately two thirds of
patients with ESCC secondary to lym-
phoma.108 Thus, whereas plain radi-
ographs of the spine are frequently ab-

Table 5-4. Findings on Plain Radiograph of the Spine in
Patients with Metastatic Spinal Cord Compression (%)*

Plain Radiograph
Number of Vertebrae Involved

(as Percent of Abnormal Cases)

Primary Tumor

Lung
Breast
Miscellaneous

Normal

26
6

10

Abnormal

74
94
90

One

52
18
68

Multiple
Contiguous

38
32
15

Multiple
Separate

10
50
18

*Adapted from Stark, RJ, et al.,7 p. 212.
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normal in patients with epidural spinal
metastases, they cannot be relied upon
confidently to rule in or rule out the pres-
ence of epidural tumor, or to design the
radiation treatment port.

RADIONUCLIDE BONE SCANNING

Radionuclide bone scanning is more sensi-
tive than plain radiography for visualizing
skeletal metastases.15 This additional sen-
sitivity is gained at the expense of speci-
ficity, because other skeletal conditions
such as degenerative joint disease may
also cause abnormal scans. In patients
with metastatic disease, this results in a
false-positive rate of spine metastasis that
has been reported to range from 20% to
74%; 109 plain radiographs, CT, or other
techniques often are necessary to differen-
tiate among these diagnoses. Occasionally,
false-negative radionuclide scans also
occur.110

In a series of patients with suspected
vertebral column metastases,6 an abnor-
mal myelogram was found in 65% of those
with abnormal bone scans, while an abnor-
mal myelogram was found in 32% of those
with normal bone scans. This study con-
cluded that radionuclide bone scanning
does not improve the accuracy of predict-
ing the presence or absence of epidural
tumor over that obtained by plain radi-
ographs alone.

In a study105 of patients with suspected
spinal cord compression from breast can-
cer, radionuclide bone scans were positive
in 100% of patients with myelographically
proven epidural metastases; but in 90% of
these cases, there were multiple levels of
involvement. Among patients with neg-
ative myelograms, positive radionuclide
bone scans were found in 47%. These
studies indicate that radionuclide bone
scanning, although more sensitive than
plain radiographs of the spine, is inade-
quate to confirm or exclude the presence
and level(s) of epidural spinal cord metas-
tases.

MYELOGRAPHY

Although myelography has been largely
superseded by magnetic resonance imag-

ing for visualization of the spinal canal,
the importance of imaging the spinal
canal in patients at risk for harboring
epidural tumor was established during the
era of myelography. Since many of the
same clinical principles apply in establish-
ing indications for MRI, lessons learned
from myelography studies will be pre-
sented.

The historical importance of myelogra-
phy in evaluating and managing patients
with suspected metastatic spinal cord com-
pression already has been noted.4,5,7,29,67,86

The arguments for myelography as out-
lined by Barron and colleagues4 were as
follows: (1) Plain radiographs may be nor-
mal in the presence of epidural tumor; (2)
abnormalities on plain radiographs may
be confused with osteoporosis or Paget's
disease; and (3) other sites of epidural in-
volvement may be present aside from
those shown on plain radiographs.

These arguments have been supported
by other clinical studies. In the MSKCC
study,5 myelography identified a complete
block, or high-grade partial block in the
absence of bony involvement, on routine
studies in 15% of cases. Although myelog-
raphy was performed in only 52% of
cases reported from London Hospital,7 it
showed multiple levels of epidural in-
volvement in 10% of all cases and 29% of
cases secondary to breast cancer. Another
study111 showed that myelography may re-
veal the presence of spinal cord compres-
sion in the face of a normal neurological
examination. Of 59 patients with radicular
pain but no neurological deficit, 15 (25%)
were found to have a complete spinal sub-
arachnoid block on myelography.

Other studies6,112,113 quantified the value
of myelography in patients with suspected
metastatic spinal cord compression. In a
study by Rodichok et al.,113 plain radiogra-
phy correctly identified the level of spinal
cord compression in only 13 of 18 (72%)
patients presenting with myelopathy.113 In
a follow-up study, it was found that those
patients diagnosed at an early stage of
epidural disease were much more likely to
remain ambulatory until death, compared
with those diagnosed later in their course.
These findings resulted in a subsequent
detailed study of the role of myelography



184 Diseases of the Spine and Spinal Cord

in cancer patients at risk for ESCC.6 Pa-
tients were divided into five groups:
group 1—myelopathy; group 2—radicu-
lopathy; group 3—plexopathy; group 4—
back pain with normal neurological
examination and abnormal plain spine ra-
diograph or bone scan; group 5—back
pain with normal neurological examina-
tion and normal radiological studies.

Of 26 patients in group 1, 20 (77%) had
abnormal myelograms. Of these 20, 19
had abnormal plain radiographs at the site
of epidural tumor. Of the remaining six
patients with negative myelograms, abnor-
mal plain radiographs were found in two
that could have resulted in radiation ther-
apy of asymptomatic sites. The authors be-
lieved this to be potentially important be-
cause three of the six were thought to
have radiation myelopathy that could
have been exacerbated by further irradia-
tion.

Of 43 patients with radiculopathy but
no signs of spinal cord involvement
(group 2), 27 (63%) had positive myelo-
grams. When the plain radiographs were
positive for metastatic disease at the clini-
cal level of radiculopathy, the chance of
epidural disease was 91%. When the plain
radiographs were negative at the level
of radiculopathy, 33% had evidence of
epidural neoplasm on myelography. Of
seven myelograms performed in group 3,
one had an epidural defect.

Among 43 patients in group 4 (back
pain with normal neurological examina-
tion and abnormal plain radiograph or
bone scan), 63% had epidural tumor on
myelogram. Of patients in group 5 (back
pain, normal neurological examination,
and normal plain radiographs/bone scan),
none showed evidence of epidural tumor.
Combining groups 4 and 5 yields a cohort
of cancer patients presenting to their
physician with nonradicular back pain
and normal neurological examinations;
based on the above data, of this large
cohort 44% can be expected to have
epidural tumor. Similarly, prior to radio-
logical studies, the overall risk of epidural
disease in those complaining of radicular
pain with a normal neurological examina-
tion is 63%.

This detailed analysis underscores the
importance of early diagnostic evaluation
of cancer patients complaining of back
pain and radicular pain. Given the above
findings, the authors of the study6 con-
cluded that most cancer patients with back
pain require myelography; prompt myel-
ography was particularly recommended in
patients with myelopathy and radiculopa-
thy associated with normal plain radi-
ographs or diffuse spinal metastases.

The above conclusions were supported
by another study of the impact of myelog-
raphy on radiotherapy of malignant spinal
cord compression.112 Patients with neuro-
logical deficits due to spinal cord compres-
sion were seen in consultation by a neuro-
surgeon, and plain radiographs of the
spine were obtained. A mock radiation
therapy port was then designed using clin-
ical and plain radiography information.
Additional information obtained by myel-
ography was then used to evaluate the ad-
equacy of the mock radiation therapy
ports. They were found inadequate in
69% of cases.

When myelography is performed in pa-
tients suspected of ESCC, the entire spinal
axis should be examined unless there is a
contraindication. (The same is true for
MRI.)28'83'89 This approach permits the
rostral and caudal extent of the block to be
visualized and establishes whether multi-
ple levels of metastatic involvement are
present. This information is of value in de-
termining radiation therapy ports and
surgery, if planned.

COMPUTERIZED TOMOGRAPHY

Computed tomography has been demon-
strated to be more sensitive and specific
for identifying neoplasms of the vertebral
column and paravertebral structures than
bone scanning plain radiographs.83,85,114,116

When used following myelography with
water-soluble contrast material, CT has
helped to locate an extension of tumor
from vertebrae and paravertebral struc-
tures to the epidural space. For example,
using spinal CT-myelograms in 30 patients
harboring epidural metastases at87 verte-
bral levels, Weissman and associates116
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have demonstrated that epidural tumor
extension occurs via three mechanisms:
(1) direct extension from metastasis to the
adjacent vertebra (81%); (2) craniocaudal
extension from tumor arising in vertebrae
at rostral or caudal levels (17%); and
(3) epidural extension from paraverte-
bral tissues through the intervertebral
foramina (2%).

Conversely, in one study 85 of 109
(78%) vertebrae with cortical disruption
from tumor invasion extended epidurally
as well.116 However, the absence of cortical
disruption at a single vertebral level could
not exclude the presence of epidural dis-
ease at that level, since epidural tumor was
observed in 21 of 183 vertebral levels at
which no cortical disruption was present.
In all but one of these cases, the epidural
tumor was due to extension from cranio-
caudal levels or paravertebral tissues. The
risk of craniocaudal extension in the
epidural space was significant, with 20% of
patients studied showing this phenome-
non; 10% of patients with epidural tumor
demonstrated craniocaudal extension of
more than two vertebral levels. This is im-
portant therapeutically because standard
radiotherapy ports using plain radi-
ographs include two vertebral levels above
and below the spinal metastasis. In this
10% of patients, however, the radiother-
apy port would have been inadequate to
encompass the entire epidural tumor. The
authors stated, "This, coupled with our
findings of a 38 percent incidence of syn-
chronous noncontiguous epidural de-
posits, emphasizes the need for careful
myelographic documentation of the ex-
tent of the tumor before instituting ther-
apy."116

Despite the excellent bony detail af-
forded by spinal CT, the same authors
found limitations in identifying the pres-
ence or absence of vertebral cortical dis-
ruption from tumor invasion, especially in
cases of severe osteoporosis, which may
make cortical margins indistinct, and in
cases of osteoblastic metastases arising
from carcinoma of the prostate. They sug-
gested that in cases of suspected epidural
tumor, patients with back pain, normal
neurological examination, and evidence

of metastases on plain radiographs should
undergo myelography. In similar cases
with normal or equivocal plain radi-
ographs, they recommended spinal CT
scanning. If evidence of vertebral cortical
disruption is found on the CT scan, then
the patient is referred for myelography.
Due to its sensitivity in demonstrating par-
avertebral soft tissues, spinal CT may be
the initial diagnostic study of choice in pa-
tients suspected of harboring paraverte-
bral metastases with epidural extension.

In a later study, O'Rourke and col-
leagues85 studied the value of spinal CT
and spinal CT metrizamide myelography
in detecting metastases in cancer patients
with new spinal lesions on radionuclide
bone scanning. Patients with an abnormal-
ity on bone scanning underwent plain ra-
diographs of the spine. Group 1 consisted
of patients with normal plain radiographs.
Group 2 consisted of those with compres-
sion fracture on plain radiograph. Group
3 consisted of those with evidence of me-
tastasis on plain radiographs.

Patients in group 1 underwent spinal
CT. CT-myelography was performed in all
patients in groups 2 and 3, and those in
group 1 with cortical bone discontinuity.
Using this algorithm, it was found that CT
scanning of the spine could differentiate
benign from malignant disease in most
cases and that the presence of cortical
bone discontinuity was associated with
epidural tumor in 20 of 31 (64%) of cases.
Unlike the previous study noted,116 no
mention was made of epidural tumor at
levels other than those with cortical bone
destruction.

O'Rourke and colleagues85 recom-
mended the following algorithm for the
evaluation of spinal metastasis: Patients
with abnormal bone scan or back pain and
no neurological findings undergo plain
spine radiographs and then spinal CT. If
no metastases are found, no further
workup is needed at that time; if spinal
metastases are found but the cortical bone
is intact, then a follow-up CT scan is per-
formed in one month or as clinically indi-
cated. If spinal metastasis with cortical
bone discontinuity or soft tissue mass is ob-
served, CT-myelography is recommended



Figure 5-8. An MRI scan demonstrating epidural spinal cord compression from metastatic breast cancer to the
vertebral column and epidural extension. (A) Sagittal view. (B) Axial view.
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to rule out spinal cord compression. The
authors indicate that cases of benign and
malignant disease would be differentiated
using this protocol. The authors did not
address the issue of therapy in this study85

but validated the usefulness of their clini-
cal approach in a follow-up study.117

MAGNETIC RESONANCE IMAGING

Magnetic Resonance Imaging has become
the procedure of choice for evaluating pa-
tients with suspected neoplastic epidural
spinal cord compression.118-121 Several
studies have shown the advantage of MRI
over myelography.118,120-123 and CT.119,124

Magnetic resonance imaging has been re-
ported to be more sensitive than plain
films and CT scanning in detecting verte-
bral metastases.119 With the advent of con-
trast-enhanced MRI with gadolinium, its
role and value in the evaluation and man-
agement of these patients are further in-
creased.125,126 The principles in the section
on myelography above apply to the use
of MRI to image the spinal canal directly
in evaluating patients with suspected
metastatic disease. Figures 5-8 and 5-9
provide examples of the excellent imaging
potential of MRI for ESCC.

In an early study of noncontrast MRI of
the spine, MRI appeared more sensitive
than radionuclide bone scanning in the
detection of vertebral metastases.101 In an-
other study124 of tumors involving the os-
seous spine, MRI was compared to CT
scanning in defining the anatomic rela-
tionships of the tumor, vertebral column,
spinal canal, paravertebral tissues, and
vascular involvement; MRI was found su-
perior to CT without intrathecal contrast
injection and equal to CT with contrast.
The CT without contrast was found supe-
rior to MRI in detecting cortical bone de-
struction due to the poor signal intensity
of cortical bone with MRI.127

In another study, spinal MRI was per-
formed in 58 patients with epidural me-
tastases and compared with myelography
in 22 of these patients.123 In 60 of 64 stud-
ies performed in 58 patients, MRI was
found to be diagnostic. In the 22 patients
undergoing both procedures, myelogra-
phy was diagnostic in 20 studies and MRI
yielded the same diagnosis in 19 of 22
cases. The authors concluded that when a
technically satisfactory MRI study can be
obtained, it is equivalent to myelography
or CT-myelography in detecting clinically
significant epidural disease. In the same

Figure 5-9. Gadolinium-enhanced MRI of the spine of a 36-year-old patient with a plasmacytoma. (A) and (B)
Sagittal (A) and axial (B) images showing partial collapse of the T10 vertebral body and replacement of normal
high-intensity bone marrow with low-intensity tumor. In addition, a poorly defined hypointense focus is seen in
the T8 vertebral body (arrow, A). (C) T2-weighted images show both lesions. (D) and (E) After the administra-
tion of contrast, the T1-weighted sagittal (D) and axial (E) images show enhancement of the T10 vertebral body.
The previously prominent hypointense region of tumor in T8 is not easily seen, due to the fact that it is isoin-
tense with the remainder of the vertebral body on this enhanced study. The axial scan (E) shows greater en-
hancement on the left than the right side of the vertebral body. Although tumor may permeate the entire verte-
bral body, results of multiple biopsy attempts on the right side were negative, whereas results of biopsy attempts
on the left revealed tumor. (From Sze, G, et al,126 with permission.)
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study, the authors found T1-weighted im-
ages optimal for demonstrating spinal
cord compression, whereas T2-weighted
images were best for identifying subarach-
noid space compression without cord im-
pingement. Furthermore, paravertebral
masses that would have been missed on
myelography were recognized with MRI.
Finally, because a spinal MRI requires
60-90 minutes, compared with the two
hours required for myelography or CT
myelography, patients seemed to tolerate
the MRI better. It should be recognized,
however, that movement artifact degrades
the quality of MRI images; because pa-
tients with spinal metastases are often in
pain, especially when lying supine, pain
control as well as claustrophobia remains
problematic with MRI. Finally, the au-
thors note that the cost of a spinal MRI
examination in most institutions is equal
to or less than a myelogram followed
by CT.

In a comparison study of myelography
and MRI among 36 patients, three pa-
tients were found to have metastatic de-
posits on myelography that were not seen
on MRI.120 There were no metastases seen
with MRI that were not identified with
myelography. However, this study did not
use contrast-enhanced MRI, and it was a
relatively early study during the MRI era.
Accordingly, with the refinements in MRI
since its publication in 1992, it is difficult
to conclude from this study that myelogra-
phy is superior to MRI.

With the advent of contrast-enhanced
MRI with gadolinium-DTPA, the value of
MRI is further increased.125,126 Sze and
colleagues have reported that some re-
gions of epidural tumor demonstrate
marked enhancement, while other areas
show minimal or no enhancement.126

These authors126 conclude that contrast-
enhanced MRI is helpful in delineating
and characterizing some epidural neo-
plasms when compared with precontrast
MRI scans. However, in some cases, le-
sions that are hypointense on noncontrast
MRI become isointense with surrounding
bone following the administration of
gadolinium-DTPA, decreasing the ability
to detect these epidural metastases (Fig.
5-9).

Although the detection of vertebral and
epidural neoplasms may be obscured by
contrast administration, contrast-enhanced
MRI scans may be very useful in the evalu-
ation of patients with suspected epidural
tumor. Gadolinium administration may
help differentiate epidural tumor from
disc herniation because herniated disc ma-
terial should not enhance immediately fol-
lowing contrast administration, unlike tu-
mor.125 Furthermore, contrast-enhanced
scans may demonstrate areas of active tu-
mor involvement more readily than non-
contrast studies. In patients with diffuse
metastases, biopsy of enhancing areas
of vertebral involvement resulted in a
greater yield than biopsy of nonenhancing
abnormal regions.125 Gadolinium also may
reveal specific areas of spinal cord com-
pression more readily than noncontrast
studies alone.125,126 In addition, contrast
administration may have a role in evaluat-
ing response to therapy. Preliminary stud-
ies suggest that successfully treated bone
metastases do not enhance with gadolin-
ium, whereas unresponsive metastases
continue to enhance.125,126

Clinical Approach to the Patient
Suspected of Spinal Metastasis

Cancer patients with clinical evidence of
spinal metastases fall into three groups:
(1) patients with back or neck pain with
or without referred or radicular pain;
(2) those with mild, stable, or equivocal ev-
idence of spinal cord compression; and
(3) patients with new or rapidly progres-
sive symptoms and/or signs of spinal cord
compression (As elsewhere in this chapter,
the terms myelopathy and spinal cord
compression include cauda equina dys-
function and compression). The goal of
diagnosis is to recognize those patients
with spinal metastases before neurological
abnormalities arise, because the outcome
of therapy is so much more favorable in
the first two groups.5,128 No single ap-
proach or algorithm can apply to all pa-
tients or supersede clinical judgment;129

because circumstances often require that
the approach be modified for individual
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cases, the following is only a guide to the
workup.

In cancer patients with back or neck
pain and normal neurologic examinations
who are not suspected of harboring ESCC,
many physicians initially obtain a radionu-
clide bone scan and plain spine radi-
ograph. If these studies reveal findings
that explain the patient's symptoms (e.g.,
vertebral metastasis at the level of pain),
many medical oncologists and radiothera-
pists treat with systemic agents and/or
radiotherapy without further diagnostic
studies. In such cases, it must be recog-
nized that clinically unsuspected epidural
metastases may be present at the level of
the known vertebral metastasis, adjacent
to it, or at a distant vertebral level. There-
fore, it is important to follow the patient's
clinical course carefully and proceed with
MRI or, if MRI is unavailable, myelogra-
phy if neurological signs consistent with
spinal cord compression develop.

Alternatively, because many cancer pa-
tients with back and/or projected pain and
normal neurological examinations harbor
clinically unsuspected ESCC, many physi-
cians recommend spinal MRI in planning
therapy.83 If MRI is unavailable or cannot
be performed, a plain radiograph of the
spine may identify vertebral metastases.
According to one study, if the plain radi-
ograph shows greater than 50% collapse of
the vertebra due to metastasis, there is a
nearly 90% risk of epidural tumor; if there
is pedicle erosion, epidural tumor may be
found in approximately 30% of patients;
only 7% had epidural tumor if the metas-
tasis was restricted to the vertebral body
without collapse.130 Thus, MRI (or myel-
ography, if MRI is unavailable) may be se-
lected in those patients with a positive
plain radiograph or in those who have a
significant risk of epidural extension. If a
radiograph is negative for metastases or
shows limited involvement, spinal CT
scanning of the symptomatic areas may be
performed next. Those patients with CT
scans that are negative for metastases and
in whom there is a low clinical suspicion
for epidural tumor are next considered
for lumbar puncture to evaluate for
leptomeningeal metastases. Alternatively,
MRI is still recommended in cancer pa-

tients with a negative CT scan for metasta-
sis but in whom there is a high clinical sus-
picion for epidural tumor, or for those
with CT scans that are positive for verte-
bral metastases with cortical disruption
bordering the vertebral canal or paraspinal
mass.117 All patients with spine metastases
should undergo careful follow-up to iden-
tify neurological deterioration that might
lead to consideration of other options for
treatment.

For cancer patients with mild, stable, or
equivocal symptoms and/or signs of spinal
cord compression, a total spine MRI (if
available) is performed. If MRI is unavail-
able, then an immediate radiograph of the
spine is performed, followed by total spine
myelography by the next day. Total spine
studies are performed because some pa-
tients will have unsuspected metastases at
multiple levels. During their evaluation,
patients in this group should be closely ob-
served to identify progressive myelopathy.
Cancer patients with new or rapidly pro-
gressive signs of spinal cord compression
should be given high-dose intravenous
dexamethasone116 (see page 190) to re-
duce spinal cord edema44 and reduce the
risk of spinal coning.98 Then an immedi-
ate total spine MRI or myelogram is per-
formed.

Because spinal MRI and myelography
occasionally yield false-negative results
in cases of spinal cord compression, the
physician often must consider other diag-
nostic studies following a negative MRI or
myelogram in the cancer patient with a
myelopathy. For example, if the noncon-
trast spinal MRI is negative, the physi-
cian should consider a contrast-enhanced
spinal MRI and CSF analysis to identify
leptomeningeal metastases (see Chapter
7). Myelography should still be considered
when clinical suspicion of a compressive
lesion remains but none is identified on
the spinal MRI; in such cases, CSF may be
obtained for analysis at the time of myel-
ography. Because neurologic deteriora-
tion may occur following myelography,
neurosurgical consultation should be avail-
able.98 Finally, contrast-enhanced MRI
may demonstrate intramedullary metasta-
ses not observed on either myelography or
plain MRI.
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Therapy

CORTICOSTEROIDS AND
RADIATION THERAPY

Metastatic epidural spinal cord compres-
sion is most commonly treated with corti-
costeroids and radiation therapy; selected
patients undergo surgical decompres-
sion.83 Corticosteroids have been found to
reduce vasogenic spinal cord edema44 and
to usually help control pain and improve
neurological function. The dosage and
form of corticosteroid vary.131 A random-
ized trial of high-dose corticosteroids,
using 96 mg of dexamethasone daily
(compared to placebo), demonstrated im-
proved neurologic outcome in patients
receiving the high-dose corticosteroid.132

This improved efficacy may, however, be
accomplished with a higher incidence of
corticosteroid side effects. In a single insti-
tution historical case-control study com-
paring high-dose dexamethasone with
moderate-dose dexamethasone, serious
side effects were reported among 14% of
the high-dose group compared to 0% in
the moderate-dose group (total side ef-
fects were 29% and 8%, respectively.133

Loblaw and Laperriere134 evaluated the
literature and found good evidence for
the use of high-dose dexamethasone in
treating patients with clinical signs of
neurological dysfunction secondary to
metastatic epidural spinal cord compres-
sion undergoing radiation therapy. A trial
directly comparing high- and moderate-
dose dexamethasone does not exist. Ac-
cordingly, doses of 10-100 mg of dex-
amethasone IV (intravenously) given
immediately, followed by 4-24 mg qid, are
often used. The lower doses are used for
patients with mild pain and no, or equivo-
cal, signs of myelopathy; the highest doses
are used in patients with prominent,
or rapidly progressive, myelopathy. Occa-
sional patients will report pain or burning
in the perineal region when high-dose
corticosteroids are administered intra-
venously.

In general, the tapering of high-dose
steroids is begun within 48-72 hours, and
patients are followed closely for signs of
steroid-induced complications such as glu-

cose intolerance and infection. As the
steroids are tapered, patients are observed
for deterioration in neurological function,
and the dose is increased if this occurs.
Many patients can be tapered off steroids
within two to three weeks.116

Radiation therapy has become the pri-
mary mode of treatment of metastatic
ESCC because patients often harbor wide-
spread metastatic disease and are poor
surgical candidates. When radiotherapy is
selected for treatment, it should com-
mence as soon as the diagnosis of metasta-
tic ESCC is established. The upper and
lower extent of the epidural neoplasm
should be defined by imaging studies so
that the entire area of cord compression
and epidural tumor can be treated. Be-
cause epidural metastases may occur at
multiple levels, the entire rostrocaudal
spinal axis is usually imaged with MRI (or
myelography). In addition to identifying
all levels of ESCC, this strategy allows the
design of radiotherapy ports that include
adjacent asymptomatic metastatic epidural
deposits. If these adjacent epidural metas-
tases are not included in the original treat-
ment field and later require radiotherapy,
the amount of radiation tolerated may be
limited by overlapping spinal radiother-
apy ports.

The prognosis for patients undergoing
radiotherapy for metastatic ESCC de-
pends upon their neurological function at
the time treatment begins. In a study of
metastatic spine disease with radiographic
spinal cord compression but no clini-
cal signs of myelopathy, Maranzano et
al.135,136 found that all patients remained
ambulatory following treatment. Patients
with neurological signs but who are ambu-
latory at the time of diagnosis usually re-
tain this ability following radiotherapy.
However, only about half of patients who
are paraparetic at presentation regain am-
bulation, and paraplegic patients rarely
are restored to ambulation with radio-
therapy.5

SURGERY

Surgical decompression of metastatic ESCC
has, until recently, consisted of laminec-
tomy. However, several retrospective stud-



Epidural Tumors 191

Figure 5-10. Resection of the lam-
ina spinous processes and interven-
ing ligaments (all are components
of the spine that function as a ten-
sion band, preventing kyphosis in a
checkrein manner) via laminectomy
in the face of a ventral tumor (A)
may result in further spinal cord
compression or distortion. Kyphotic
spinal deformation (kyphosis) is
also a possible result. (B). Spinal sta-
bility may, therefore, be signifi-
cantly threatened as well.

ies and one prospective study have shown
that laminectomy followed by radiation
therapy is not superior to radiation ther-
apy alone.5,137,138 Alternatively, because
the metastatic tumor is usually ventral to
the spinal cord in the vertebral body, a
surgical approach consisting of vertebral

body resection followed by stabilization
has been reported with promising re-
sults.135,139,140 Carefully selected para-
paretic and paraplegic patients have been
reported to ambulate following this surgi-
cal approach.141,142 There have been no
randomized controlled studies to compare

Figure 5-11. The ventral approach to a vertebral body lesion can achieve a ventral decompression (A) and aug-
ment stability. Stability and deformity correction were achieved following placement of a screw (for distraction
and extension) and an interbody strut (B), followed by a plate (C).

A B
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Figure 5-12. Spinal stability may be so inadequate that a combination ventral and dorsal operation may be war-
ranted for stability purposes alone. Long instrumentation constructs (as depicted) provide multiple sites for at-
tachment to the spine, as well as long lever arms that facilitate the acquisition of stability (also see Fig. 5-14).

ventral vertebral body resection with ra-
diotherapy alone.

The indications for surgical decompres-
sion of metastatic ESCC are evolving and
are case-dependent.134 Surgical decom-

pression should be considered in (1) pa-
tients without a diagnosis; (2) patients who
are neurologically deteriorating due to
spinal cord compression, who have been
previously irradiated at the site of spinal
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cord compression, and whose medical
condition permits surgery; and (3) those
with progressive neurological deteriora-
tion during radiation therapy. Surgery is
also considered for patients in whom the
tumor is restricted in location and consid-
ered resectable or when the spine is unsta-
ble.135,143-147 In addition, intractable pain
and radio-resistant tumors are considered
indications for surgical decompression in
selected cases.

The unique nature of each individual
case cannot be overemphasized. The stud-
ies that have been unable to demonstrate
an advantage following surgical decom-
pression5,137,138 have used a dorsal ap-
proach (laminectomy) for their surgical
paradigm. Although dorsal approaches
may be appropriate in select cases, their
utility is greatest in dorsal tumors without
instability. This type of tumor is, indeed,
an uncommon occurrence. Most compres-
sive lesions are ventrally situated with re-
spect to the dural sac. Furthermore, spinal
stability is often suspect. When this is the
case, laminectomy may further exacerbate
the stability problem by removing dorsal
elements that normally function as a ten-
sion band, preventing kyphotic deforma-
tion. In this situation, lack of neuro-
logic improvement can be theoretically
attributed to (1) ineffective decompres-
sions and/or (2) exaggerated instability
associated with kyphotic deformation (Fig.
5-10).

Ventral decompression with stabiliza-
tion (interbody strut with instrumenta-
tion), in turn, can accomplish an effective
decompression, as well as spinal stabiliza-
tion (Fig. 5-11). In cases where significant
instability exists, combination ventral and
dorsal procedures may be warranted. Fi-
nally, long instrumentation constructs may
be warranted if significant instability exists
or if bony instrumentation purchase sites
have been rendered ineffective via tumor
involvement (Fig. 5-12).

It is clear that the decision-making pro-
cess for spinal metastasis must be patient-
specific. The aforementioned considera-
tions, as well as results of the neurologic
exam, life expectancy, and medical consid-
erations, must be carefully taken into ac-
count.

PRIMARY EPIDURAL TUMORS

As indicated earlier, primary epidural
spinal tumors arise from cellular elements
that normally form the vertebral column
and supporting structures. Their fre-
quency is estimated to be approximately
three times less than that of spinal metas-
tases.10 Their neurological presentation is
similar to that of metastatic neoplasms:
Pain is the prominent first complaint, fol-
lowed by symptoms and signs of neural
compression. The more common primary
epidural spinal tumors are briefly re-
viewed (Table 5-5).

Multiple Myeloma

Multiple myeloma, a plasma cell neoplasm
that proliferates in bone marrow, is the
most common primary tumor of bone.3

The neoplastic cells usually secrete an im-
munoglobulin protein. The disease is of-
ten associated with skeletal destruction,
hypercalcemia, immunodeficiency, and
impaired renal function. It generally af-
fects older individuals (median age, sev-
enth decade) but may affect those much
younger.148 Osteosclerotic myeloma, a rare
variant, may be associated with polyneuro-
pathy, organomegaly, endocrinopathy,
and M protein and skin changes (POEMS
syndrome).149,150

Epidural spinal cord compression is the
most common neurological complication
of multiple myeloma; it occurrs in approx-
imately 10% to 15% of cases.4,151 The clin-
ical presentation is similar to that of
metastatic deposits.4 In addition to ESCC,

Table 5-5. Selected Primary Epidural
Spinal Tumors

Multiple myeloma
Osteogenic sarcoma
Chordoma
Chondrosarcoma
Ewing's sarcoma
Fibrous histiocytoma
Giant cell tumor
Benign tumors
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neurological involvement151 includes a va-
riety of different forms of peripheral neu-
ropathy149,152 that may, at times, be diffi-
cult to differentiate from spinal root
involvement.

The myeloma cell causes bone resorp-
tion through an osteoclast-activating fac-
tor.126 Vertebral bodies often demon-
strate osteolytic defects without reactive
bone formation.3,153 Vertebral body in-
volvement typically occurs before the
pedicles are invaded because there is nor-
mally less red marrow in the pedi-
cles.154,155 Radiographs may show a soli-
tary sclerotic vertebra (ivory vertebra).
Radionuclide bone scans are often unre-
markable; conventional radiographs have
been found to be more sensitive.153,156

Computed tomography, myelography, and
MRI may show the spinal and epidural in-
volvement by tumor.

Multiple myeloma is usually radiosensi-
tive and most patients with ESCC can be
treated with corticosteroids and radiother-
apy, as in the therapy of metastatic
epidural tumors. Its diagnosis by history,
laboratory, and imaging studies is, there-
fore, of extreme importance. Risky sur-
gical procedures may be appropriately
avoided.

Osteogenic Sarcoma

Osteogenic sarcoma is the second most
common primary bone tumor. It usually
occurs in childhood and adolescence. But
it has a second peak of incidence in
later life, often occurring in association
with Paget's disease, previously irradiated
bone, or other predisposing factors.157-161

It may arise from transformation of an os-
teoblastoma or osteochondroma.3,162

The spine is a rare site of primary
involvement, but it is a frequent site
of metastatic spread from a primary
osteogenic sarcoma elsewhere.3,159,163-165

Pain is the most common initial complaint;
in the Mayo Clinic series,2 pain was usu-
ally present for several months, but
ranged from 2 1/2 weeks to 2 years. Neu-
rological signs of spinal cord compression
were often found. Serum alkaline phos-
phatase is elevated in approximately one-

half of all patients.158 Among other
abnormalities, radiographic studies often
demonstrate both lytic and blastic changes
of bone.3,158 The histological appearance
can be variable and correlation of the clin-
ical history, physical examination, and ra-
diographic features can be very helpful in
diagnosis and treatment planning.2,3

The treatment of osteogenic sarcoma
has undergone major advances in re-
cent years. In addition to surgery, de-
velopments in radiation therapy and
chemotherapy have altered the manage-
ment of this disease. There are several
chemotherapy protocols that have been
used for primary and metastatic dis-
ease.158

Chordoma

A chordoma is a rare neoplasm that arises
from notochordal remnants of the spine
and shows a predilection for the sacrococ-
cygeal area (50%) and base of the skull
(35%); the remaining cases are found else-
where in the vertebral column.158,166,167

Patients are usually over 30 years old. Al-
though chordomas may metastasize, the
high morbidity and mortality of this neo-
plasm are due to frequent local recur-
rence, the most common cause of
death.168,169 One review of the literature170

found only 1% of 222 patients disease-free
at ten years.

The most common early symptom is
pain. As the tumor grows, neural struc-
tures are involved; when it occurs in the
sacrococcygeal region, bowel and bladder
symptoms and saddle anesthesia may oc-
cur. The duration of symptoms varies
between two weeks and nine years and av-
erages more than one year.171 With sacro-
coccygeal chordomas, a presacral mass
may be palpable on rectal examination.
When the tumor occurs at other levels of
the spine, it causes radicular and spinal
cord symptoms and signs similar to those
of other epidural tumors. Radiographi-
cally, there are a variety of different ap-
pearances.172 The lesion may be osteolytic,
osteoblastic, or contain both elements, or,
at times, plain radiographs may show no
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abnormalities.2 Diagnosis is established by
biopsy.

Surgery is the primary therapy for chor-
domas. Many patients benefit from re-
peated surgical resections that are per-
formed because the tumor recurs. In
addition, radiation therapy may cause tu-
mor regression that lasts for many
years.173 Proton beam radiation therapy
may be especially effective in controlling
local disease.158 Postoperative radiation
therapy has been recommended in many
cases of incomplete surgical resection.173

Chondrosarcoma
Chondrosarcomas are cartilaginous neo-
plasms that arise in bone but lack direct
osteoid formation.158 Chondrosarcomas
may arise de novo in bone, follow irradia-
tion of bone, or develop in patients with
preexisting Paget's disease or who have
benign cartilage tumors such as osteo-
chondroma or endochondromas.3,174

They generally occur in individuals over
30 years of age; fewer than 5% occur in
patients under 30.2,130,167,175,176

Chondrosarcomas typically occur in long
bones or the pelvis but may occur in the
vertebral column. Initially, they tend to in-
volve the vertebral bodies more frequently
than the vertebral arch.3 The initial symp-
tom of spinal chondrosarcoma is usually
pain; in the Mayo Clinic series, the period
of pain ranged from 2 weeks to 11 years,
but symptoms often persisted for 4-5 years
prior to diagnosis.2 As the epidural tumor
grows, neural compression develops, and
symptoms and signs of radiculopathy and
myelopathy referable to the level occur. Al-
though they are highly unpredictable in
their biological behavior, chondrosarco-
mas may become quite extensive locally be-
fore metastases appear. Radiographically,
the lesions may appear as lytic lesions asso-
ciated with lobular calcifications, but other
appearances have been described3,158

Surgical resection is the treatment of
choice for chondrosarcoma. Repeated sur-
gical resections are often helpful for recur-
rent disease.3 These tumors are relatively
radioresistant, but radiotherapy may de-
lay progression of the disease.158

Ewing's Sarcoma

Ewing's sarcoma is a rare, primitive
round-cell tumor of bone usually occur-
ring in childhood, adolescence, or early
adult life.177 This tumor usually arises in
long bones, but it also may (rarely) origi-
nate in the vertebral column. Since it
frequently metastasizes to bone, spinal in-
volvement more often is due to a me-
tastasis from a primary site elsewhere than
to a primary Ewing's sarcoma of the
spine.175,178 When the tumor arises in the
axial skeleton, the sacrum is the most com-
mon site of origin.179

Pain is the most frequent initial com-
plaint and often may be present for a few
months, although much shorter courses
have also been noted.2,3 Neurological ab-
normalities referable to radicular and
spinal cord dysfunction usually follow.
Imaging studies may reveal a variety of
different appearances (Fig. 5-13).2,172,180

On histological study, a variety of patterns
may be observed.2,181 The use of radiation
therapy and chemotherapy has dramati-
cally improved the prognosis for patients
with Ewing's sarcoma.177

Benign Tumors and Tumor-like
Conditions

Symptomatic primary benign bone tu-
mors of the spine are unusual and are rare
causes of spinal cord compression. For ex-
ample, vertebral hemangiomas have been
found in approximately 10% of routine
autopsies,2,3,182,183 but they are rarely
symptomatic. However, when benign ver-
tebral tumors do become symptomatic,
they often present with pain and thus
must be considered in the differential
diagnosis of patients with axial and ra-
dicular pain. The more common neo-
plasms and tumor-like conditions include
osteochondroma or exostosis,184-187 os-
teoid osteoma,188-190 osteoblastoma (Fig.
5-14),188,189,191 giant-cell tumors,192-194 fi-
brous dysplasia,195 eosinophilic granu-
loma,196 hemangioma, and aneurysmal
bone cysts197,198 (Fig. 5-15). In addition,
spinal cord compression secondary to ex-
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Figure 5-13. A cervicothoracic junction axial T1-weighted MRI demonstrating a recurrent Ewing's sarcoma in a
teenager who had previously undergone a laminectomy. The invasive nature of the tumor is seen.

tramedullary hematopoiesis199-201,202 has
been described in cases of myelofibrosis,
sideroblastic anemia, sickle cell anemia,
thalassemia, and other myeloproliferative
disorders. Furthermore, epidural lipo-
matosis in the setting of Cushing's disease
or corticosteroid administration also may
cause spinal cord compression.203-205

The radiographic appearance may sug-
gest the diagnosis, as in the case of osteo-
chondroma206 or hemangioma.3,207 Tissue
confirmation may be necessary in some
cases. When neural compression occurs
secondary to an expanding mass or col-
lapse of the vertebral body, the symptoms
and signs are similar to those of other
epidural tumors.

Lipoma

Spinal lipomas are primary tumors of
the spinal canal that may be part of the
dysraphic state (developmental). Less
commonly, they may exist as an isolated
neoplasm. The former exist as an element

of multiple congenital anomalies and
may be associated with a subcutaneous
palpable soft-tissue mass and abnormal fu-
sion of the vertebrae (Fig. 5-16).208-210

Those lipomas that occur as isolated tu-
mors may be either intradural or ex-
tradural; they are discussed in more detail
in Chapter 6. Such isolated intradural and
extradural lipomas account for approxi-
mately 1% of all primary spinal neo-
plasms.211 One study212 found that of non-
developmental spinal lipomas, two-fifths
were epidural and three-fifths were in-
tradural.

Extradural lipomas affect both sexes
equally and may present at any age.211 Un-
like intradural lipomas, which typically
have a prolonged history of symptoms
prior to diagnosis, extradural lipomas
usually have a duration of symptoms last-
ing less than one year.211 Although any
segmental level may be involved, the tho-
racic spine appears to be the most com-
mon site.211 There is no characteristic con-
stellation of clinical symptoms or signs
that distinguishes epidural spinal lipomas
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Figure 5-14. A 19-year-old male presented with Progressive myelopathy and left arm pain. An MRI demon-
strated both ventral and dorsal spinal column involvement with a tumor that was confined to the bony vertebral
body in the cervicothoracic region. Axial (A) and sagittal (B) views demonstrate the extent of involvement (ar-
rows) The lesion was resected via a staged dorsal and ventral operation (see Fig. 5-12). The tumor was very
vascular and was shown to be an osteoblastoma historically.

B
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Figure 5-15. An MRI of the thoracolumbar spine demonstrating an aneurysmal bone cyst (arrow) arising from
the T12 pedicle and causing spinal cord compression (arrowhead). (A) Sagittal view. (B) Axial view.

from many other epidural tumors. In one
review,211 no bony changes were observed
on plain radiographs in two-thirds of
cases. Surgery is the treatment of
choice.210,211 Epidural lipomas must be
differentiated from steroid-induced lipo-
matosis, which may cause spinal cord com-
pression.203,204,213

Figure 5-16. An MRI of the upper thoracic spine re-
veals an epidural lipoma (arrow) posterior to the
spinal cord and associated with a vertebral anomaly.

SUMMARY

Metastatic epidural tumors compressing
the spinal cord or cauda equina are one of
the most frequent spinal diseases and neu-
rologic complications of cancer encoun-
tered in practice. Metastatic epidural tu-
mors typically begin as metastases to the
vertebral column with secondary exten-
sion into the epidural space that causes
neural compression. As discussed in this
chapter, of the approximate 400,000 indi-
viduals dying from cancer each year in the
United States, it is estimated that between
60,000 and 160,000 develop vertebral col-
umn metastases. Of this group approxi-
mately, 20,000 develop spinal cord or
cauda equina compression. If these indi-
viduals are diagnosed and treated before
they develop neurologic signs, most will
enjoy continued ambulation. Alterna-
tively, if the diagnosis and treatment do
not begin until they lose the ability to am-
bulate only a minority will ever walk
again.

A B
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This chapter has reviewed the mecha-
nisms of cancer metastasis, including the
propensity of some tumors to metastasize
to the spine through Batson's plexus. The
most common tumors, including lung,
breast, and prostate cancer, are also dis-
cussed, which may help the clinician
workup a primary tumor when con-
fronted with a patient with an epidural
neoplasm as an initial manifestation of
malignancy.

Most importantly, the clinical presenta-
tion, which nearly always includes pain be-
fore the development of neurologic signs,
is discussed. The symptom of increased
pain on recumbency, which is common
with epidural tumors and yet atypical of
degenerative disc disease, is noted. A diag-
nostic imaging approach is presented for
patients at risk for epidural metastases,
and MRI is the imaging test of choice. De-
cisions regarding the length of spine
which requires imaging are discussed in
detail in the section on the clinical ap-
proach to the the patient suspected of
spinal metastases. Finally, management is-
sues once the diagnosis is confirmed, in-
cluding corticosteroids, radiation therapy,
and surgery, are presented.

Primary epidural spinal tumors, which
are far less frequent than metastatic dis-
ease, are briefly reviewed at the end of the
chapter. Since these tumors generally
present with spine disease, they usually re-
quire open surgery or biopsy for diagno-
sis, unlike cases of metastatic disease
where the histologic diagnosis is often al-
ready established. Decisions regarding ra-
diation therapy and chemotherapy are be-
yond the scope of this book and the reader
is referred to appropriate oncologic texts
and journals.
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Chapter 6

INTRADURAL-EXTRAMEDULLARY
AND INTRAMEDULLARY TUMORS

AND VASCULAR MALFORMATIONS

INTRADURAL-EXTRAMEDULLARY
TUMORS

Meningioma
Nerve Sheath Tumors
VASCULAR MALFORMATIONS AND

VASCULAR TUMORS
Vascular Malformations
Spinal Vascular Neoplasms
EPIDERMOID AND DERMOID CYSTS AND

TERATOMAS
LIPOMA
INTRAMEDULLARY TUMORS
Ependymoma
Astrocytoma
Intramedullary Metastasis

Neoplastic disease involving the spine
may be classified according to the loca-
tion of the tumor: epidural, intradural-
extramedullary, or intramedullary (Fig.
6-1). As reviewed in Chapter 5, most
epidural neoplasms are metastatic.
Intradural-extramedullary tumors and in-
tramedullary tumors, on the other hand,
are often primary tumors of the spine.
Their clinical importance is demonstrated
by the fact that among neurosurgical se-
ries, which tend to exclude cases of
metastatic disease, intradural-extramed-
ullary and intramedullary tumors com-
pose the majority of spinal tumors.1,2
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In some cases, a definite distinction can-
not be made between an intramedullary
and intradural-extramedullary location
because the tumor may extend into both
locations. In the present chapter, tumors
are grouped according to where they most
frequently occur.

INTRADURAL-
EXTRAMEDULLARY TUMORS

Many intradural-extramedullary neoplasms
are histologically benign tumors. If the
condition is diagnosed and treated early
in its course, neurological function is often
preserved and the tumor is usually cured.
However, if not recognized and surgically
resected, these benign neoplasms gener-
ally cause progressive neurological dys-
function, and ultimately the loss of spinal
cord and cauda equina function (As in
other chapters, the term spinal cord com-
pression includes cauda equina compres-
sion unless otherwise indicated). As re-
ported in 1888, the first successful surgical
removal of a spinal neoplasm was that
of an intradural-extramedullary tumor.3

Thus, it has been recognized for more
than a century that there is a great pre-
mium on the early diagnosis and treat-
ment of these benign neoplasms.
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Figure 6-1. Masses within the spinal canal may be
classified according to location relative to the spinal
cord and dura mater. (A) Normal. (B) Intradural-
intramedullary. (C) Intradural-extramedullary. (D)
Epidural. (From Leeds, NE, et al.,184 p. 350, with
permission.)

In most neurosurgical series, intradural-
extramedullary neoplasms are primarily
histologically benign meningiomas and
nerve sheath tumors. 1,2,4-6 For example, in
one review,1 nerve sheath tumor and
meningioma were responsible for 52% to
72% of all spinal tumors among the four
neurosurgical series cited. However, as
discussed in Chapter 5, these series are
biased in that patients selected for inclu-
sion in neurosurgical series are more apt
to have benign localized growths than
metastatic disease. In addition to menin-
giomas and nerve sheath tumors, vascular
neoplasms and malformations, epider-
moids, and lipomas also are found in this
location (intradural-extramedullary).

Leptomeningeal metastases from sys-
temic cancer or central nervous system
malignancies also may present as intradural-
extramedullary neoplasms. Among the
cancer population, this complication is fre-

quent. For example, it has been estimated
that approximately 5% of patients dying of
systemic cancer develop leptomeningeal
metastases.7,8 Furthermore, in some forms
of non-Hodgkin's lymphoma, the preva-
lence of leptomeningeal metastases may
range from 5% to 29%.9-14 The clinical man-
ifestations of leptomeningeal metastases are
protean, and the diagnostic evaluation is
often different from that of other in-
tradural-extramedullary tumors. For these
reasons, leptomeningeal metastases are re-
viewed separately in Chapter 7.

Meningioma

Among primary neoplasms of the spine,
meningiomas vie with nerve sheath tu-
mors as the most common.1,6 For example,
meningiomas were found to compose ap-
proximately 25% of 1322 primary spinal
tumors in a large Mayo Clinic series.2 In
other series,15,16 meningiomas were re-
sponsible for 33% and 47% of primary
spinal tumors.

Meningiomas may arise from any of the
cell elements that form the meninges, but
the majority stem from arachnoid cells.17

Although over 90% of cases are purely in-
tradural in location,18,19 the remaining 7%
to 10% may be extradural.5,18,19 In many of
the latter cases, the tumor may extend from
an intradural to an extradural location.19

Extradural meningiomas are considered
more biologically aggressive than those in
the intradural location and have been asso-
ciated with a shorter clinical history.18,19

LOCATION

Meningiomas may occur at any level along
the spinal axis, but the cervical and tho-
racic regions are more commonly involved
than the lumbar region. In a review of the
literature,5 among a total of 705 reported
spinal meningiomas, 17% of cases were in
the cervical spine, 81% in the thoracic
spine, and 2% in the lumbar region. In a
series from the Cleveland Clinic19 consist-
ing of 97 spinal meningiomas, the cervical
spine was the site of involvement in 17%,
the thoracic spine in 75%, and the lumbar
spine in only 7% of cases.
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Of further clinical importance, the
Cleveland Clinic study examined the re-
lationship between sex and location.19

Among women, 83% of the meningiomas
were found in the thoracic region. Men
had a nearly equal frequency of cervical
(41%) and thoracic (47%) lesions. The rea-
son for this predilection for the thoracic
spine in women is unknown.

The location of meningiomas in the
transverse plane of the vertebral canal also
has been studied. Most meningiomas at-
tach to the insertion of the dentate liga-
ment, and they may extend ventrally or
dorsally.5 Thus they may be classified as
ventral or dorsal to the dentate ligament,
or may be lateral. Among 179 cases from
the literature,5 61% were posterior to the
dentate ligament, 28% were anterior, and
the remaining 11% extended too far to
classify. The ventral-dorsal location of
meningiomas was analyzed with respect to
their vertebral level of involvement in the
Cleveland Clinic series19 (Fig. 6-2). Eleven
of 13 meningiomas above C7 were in the
ventral location. Alternatively, at and be-

low the level of C7, there were 22 anterior
and 45 dorsal meningiomas.

PATHOLOGY

In the Cleveland Clinic series,19 59% of
meningiomas of the spinal canal were
meningothelial, and 21% were psammo-
matous. Another study20 found psammo-
matous tumors to be the most frequent
histologically, followed by meningothe-
lial tumors. Fibroblastic, angioblastic, and
transitional tumors were less frequent
in both series.19,20 Although invasive tu-
mors are occasionally observed, malignant
meningiomas appear rarely. Calcium may
be observed histologically, and occasion-
ally on radiographs (Fig. 6-3).18

Multiple meningiomas are occasionally
encountered (Fig. 6-4). Multiple spinal
meningiomas may occur in patients with
von Recklinghausen's disease in associa-
tion with other forms of neoplasia or as an
isolated event. Multiple spinal menin-
giomas rarely occur in isolation.5 In one
series,20 multiple meningiomas occurred in

Figure 6-2. Distribution of meningiomas relative to the spinal cord along the spinal axis in a series of 97 cases.
(From Levy, WJ, et al.,19 with permission.)
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Figure 6-3. A 35-year-old female under-
went a CT scan of the abdomen for evalu-
ation of persistent left lower quadrant
pain. (A) No intra-abdominal or pelvic
pathology was seen but an unsuspected
calcification (arrow) within the spinal ca-
nal at T11 on the left was identified. (B)
Contrast-enhanced MRI in the coronal
plain reveals an intradural-extramedul-
lary enhancing mass (arrow) that is devi-
ating the cord to the right. Surgical exci-
sion revealed a calcified meningioma.
The left lower quadrant pain resolved
with the removal of the meningioma.
(Courtesy of Dr. Richard Becker.)

7% of 45 patients. They were found in
only 2% of the Cleveland Clinic series of
97 patients.19

CLINICAL FEATURES

Gender and Age

Spinal meningiomas are much more fre-
quently encountered in women than in
men. In many series, approximately 80% of
cases occur in women.4,5,19,20 In Rand's se-
ries,16 95% of patients were women. As
mentioned previously, in women the tho-
racic spine is disproportionately more in-
volved than the cervical spine, whereas in
men, meningiomas are more evenly distrib-
uted in the cervical and thoracic region.5,19

Spinal meningiomas have a peak inci-
dence between the ages of 40 and 70
years. Symptoms develop under 30 years
of age in only 10% of cases, and the tumor
infrequently occurs under the age of 15.4,5

The average age of males (51 years) and
females (54 years) was not significantly dif-
ferent in the series from the Cleveland
Clinic.19

Symptoms and Signs

Spinal meningiomas may represent a diffi-
cult diagnostic problem; in one series,19

one-third of patients had been previously

misdiagnosed. As in most other types of
spinal tumor, pain is the most common
presenting complaint.19 Oddsson 15 re-
ported the occurrence of pain in 85% of
cases; in the Cleveland Clinic series,19 it
was a presenting complaint in 72% of
cases. Pain may be axial or radicular in na-
ture; Nittner5 reported radicular pain as a
major complaint in 50% of cases.

Sensory disturbances in the form of
paresthesias, cold and hot sensations, and
numbness have been reported in approxi-
mately one-third of cases at the time of di-
agnosis.5,19 Sensory disturbances may be
of a radicular nature or may be due to as-
cending tract dysfunction. They may as-
cend as the more peripheral spinothala-
mic fibers are compressed before central
fibers. Dissociated sensory disturbances
and the Brown-Sequard syndrome are in-
frequent.4,5,19 Sensory disturbances in-
cluding a sensory level were found in over
three-quarters of patients in a recent se-
ries.19

Subjective motor weakness is frequently
observed in patients with spinal menin-
giomas and is usually bilateral. Hemipare-
sis is uncommon but may occur with
meningiomas in the region of the cranio-
cervical junction.5 Usually motor symp-
toms begin ipsilateral to the side of the
tumor but occasionally they may begin
contralaterally, with progression to in-
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Figure 6-4. Two meningiomas demonstrated on myelography. (A) The meningioma (arrows) on the right side
of the vertebral canal at T7 displaces the spinal cord (arrowhead) to the left. The meningioma (arrow) on the
left at T10 displaces the cord (arrowheads) to the right. (B) This lateral view shows the two meningiomas
(arrows) at T7 and T10. (Courtesy of Dr. Helmuth Gahbauer.)

elude both sides;4 this clinical presenta-
tion may be due to contrecoup com-
pression.21 Although weakness was a sub-
jective complaint in 66% of cases in the
Cleveland Clinic series,19 objective signs of
paresis and reflex changes were present

in approximately 80% of patients at diag-
nosis.

Sphincter dysfunction is a less frequent,
albeit important, presenting complaint.19,20

No patients in one series20 presented with
sphincter disturbance; 40% of the patients
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in the Cleveland Clinic series complained
of bowel or bladder disturbance, while
only 15% had objective evidence of
sphincter dysfunction.

The duration of symptoms in patients
with spinal meningiomas is quite variable.
Occasional patients have abrupt onset of
symptoms, often precipitated by trauma.19

More frequently, symptoms begin insidi-
ously and progress over several months.
In one series,20 75% of patients had symp-
toms for 6 months or more, whereas in the
Cleveland Clinic series19 the average dura-
tion was 23 months prior to diagnosis; in
one case, the symptoms were present for
20 years. Occasionally, symptoms may ap-
pear to have remissions and exacerbations
and thus suggest demyelinating disease.4

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

Diagnostic Imaging Studies

Abnormalities on plain spine radiographs
suggesting tumor occur in approxi-
mately 10% of patients with spinal menin-
giomas.5,18,22 These abnormalities include
widening of the interpedicular distance at
the level of the tumor, bony erosion, and
calcification. Enlargement of an interver-
tebral foramen may occur if the tumor
grows in an hourglass shape. This finding
is more frequently observed with nerve
sheath tumors.5 Plain radiographs are
not usually helpful in distinguishing in-
tradural meningiomas from extradural
meningiomas because both infrequently
may cause bony erosion.5,18 An increase in
the interpedicular distance is not specific
for meningiomas because nerve sheath tu-
mors, intramedullary tumors, and other
intraspinal masses may similarly widen the
spinal canal. The relatively nonspecific
findings of kyphosis and scoliosis may be
observed in up to one-third of patients.5

Although calcification of spinal menin-
giomas is not often observed on plain radi-
ographs, CT occasionally will demonstrate
calcification of the tumor and hyperostosis
of adjacent bones.23 Scanning by CT fol-
lowing intravenous contrast administra-
tion may demonstrate dense enhancement

of the tumor.24 Extradural extension of
meningiomas also may be observed on CT.

Intradural-extramedullary neoplasms
have a rather characteristic pattern on
myelography (Fig. 6-4). The spinal cord is
displaced away from the mass and the sub-
arachnoid space above and below the tu-
mor is enlarged. In epidural and intra-
medullary neoplasms, the subarachnoid
space is narrowed adjacent to the tumor.
Differentiation of an intradural nerve
sheath tumor from a meningioma based
on myelography alone may be difficult.22

Postmyelographic CT may better define
the anatomical relationship between the
spinal cord and the meningioma.

Although noncontrast MRI has been
found to be less sensitive for the diagnosis
of intradural-extramedullary tumors than
of epidural tumors, it has been used in the
localization of spinal meningiomas.25,26

The spinal cord may appear displaced
with enlargement of the subarachnoid
space as observed by myelography. The
transverse anatomical relationship of the
meningioma to the spinal cord also may
be demonstrated (Fig. 6-5). The adminis-
tration of contrast agents with MRI has
been shown to improve its sensitivity to in-
tradural-extramedullary spinal tumors.27-29

Because of its ability to image noninva-
sively in multiple projections and to dem-
onstrate the spinal cord and paravertebral
structures, MRI has become the imaging
test of choice for evaluating spinal menin-
giomas.

Cerebrospinal Fluid

The CSF usually shows the nonspecific
finding of elevated protein. Nittner's re-
view5 reports that the lumbar CSF protein
was elevated in 76% to 90% of cases. There
may be a slight degree of pleocytosis, but
there is albumino-cytologic dissociation in
85% of cases.5

THERAPY

Surgery is the treatment of choice for
spinal cord compression from menin-
gioma. Laminectomy is usually per-
formed. Rarely, a ventral approach is safer
than laminectomy. This, however, necessi-
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Figure 6-5. A 67-year-old woman with a chief complaint of bilateral hand numbness was referred for MR imag-
ing of the cervical spine. (A) A sagittal nonenhanced MRI reveals a mass (arrow) within the spinal canal at the
level of C1. (B) An axial contrast-enhanced MRI reveals a large contrast enhancing mass (arrow) posterolateral
to the spinal cord (arrowhead). The mass is occupying most of the spinal canal and the spinal cord is severely
compressed. Surgical removal of the mass revealed a meningioma. (Courtesy of Dr. Richard Becker.)

tates vertebral body resection, fusion, and
usually instrumentation. Complete re-
moval with the attached dura is usually
followed by no recurrence, but incomplete
removal of spinal meningiomas may also
have an excellent prognosis, with no re-
currence, or recurrence delayed by sev-
eral years.19 Epidural meningiomas and
calcified meningiomas, however, often do
not have such an excellent prognosis.19

As with other slow-growing mass le-
sions, an excellent recovery often occurs
following surgery even if there is a severe
neurological deficit at the time of diagno-
sis. In the Cleveland Clinic series,19 85% of
patients had a favorable result with sur-
gical removal. Thus patients with spinal
meningioma are usually restored to ambu-
lation unless they are paraplegic preoper-
atively; some paraplegic patients even be-
come ambulatory in long-term follow-up.

Nerve Sheath Tumors

Nerve sheath tumors arise from cells that
surround the axons of the peripheral ner-
vous system. Such tumors may occur on
spinal nerve roots, and may thereby cause
spinal cord compression. The cells sur-

rounding axons include Schwann cells,
fibroblasts, and perineurial fibroblasts.17

There has been considerable debate
among pathologists as to the cell of origin
of nerve sheath tumors, resulting in the
use of several terms to describe such tu-
mors, including schwannoma, neurofi-
broma, neurinoma, perineurofibroblas-
toma, and neurilemoma.17

PATHOLOGY

Rubinstein17 classified nerve sheath tumors
as schwannomas and neurofibromas.
Schwannomas are typically solitary tumors
composed of Schwann cells, and they are
far more frequently found on sensory
nerve roots than on motor roots (Fig. 6-6).
When they are a manifestation of von Reck-
linghausen's neurofibromatosis, schwan-
nomas may be multiple and associated with
gliomas, meningiomas, and other neo-
plasms. Alternatively, neurofibromas arise
from both Schwann cells and fibroblasts. In
the setting of von Recklinghausen's neu-
rofibromatosis, they are often multiple
(Fig. 6-7) and may undergo malignant
change, developing into neurofibrosarco-
mas.17 Despite these pathological and bio-
logical differences, clinical series of spinal
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Figure 6-6. An MRI of the cervical spine, revealing a schwannoma. A 47-year-old man presented with neck and
radicular pain initially suspected to be due to cervical spondylosis. When it did not improve with antiinflamma-
tory agents and physical therapy an MRI was performed. (A) Sagittal image reveals a contrast enhancing extra-
medullary lesion in the posterior aspect of the spinal canal (arrow). (B) Coronal image demonstrates the tumor
to be extramedullary and lateral to the cord (arrow). Following removal of the schwannoma, the patient had no
neurologic impairment. (Courtesy of Dr. Richard Becker)

tumors1,5,6,16,18,30 often do not distinguish
between schwannomas and neurofibromas
when nerve sheath tumors are being dis-
cussed. Therefore, in this text, "nerve
sheath tumor" refers to both schwannomas
and neurofibromas unless otherwise stated.
It should be recognized, however, that a
neurofibroma (or, less commonly, a
schwannoma) in the setting of von Reck-
linghausen's disease has very different im-
plications for clinical evaluation and man-
agement than does a solitary schwannoma.

Nerve sheath tumors have been consid-
ered to be among the most common pri-
mary spinal tumors. In one extensive se-
ries of spinal tumors,2 they constituted
29% of all cases. In a review of 4885 histo-
logically proven spinal tumors culled from
the literature,5 nerve sheath tumors ac-
counted for 23% and meningiomas for
22%.

LOCATION

Nerve sheath tumors are more evenly dis-
tributed along the spinal axis than menin-

giomas. Among three series30-32 with a to-
tal of 322 cases, 26% were cervical, 41%
were thoracic, 31% were lumbar, and 2%
were sacral. In the setting of von Reckling-
hausen's disease, multiple spinal nerve
sheath tumors which may be associated
with other neoplasms and pigmented skin
lesions are frequently encountered.5

In relation to the meninges, nerve
sheath tumors may be totally intradural,
completely extradural, or extend both in-
tradurally and extradurally. Among 163
cases,32 67% were intradural, 16.5% were
intradural and extradural, and 16.5%
were extradural. Intradural tumors are
nearly always juxtamedullary; rarely, they
may be intramedullary.2'5

Many nerve sheath tumors form dumb-
bell-shaped masses that extend through
the intervertebral foramen. In one se-
ries,30 19% of nerve sheath tumors were
dumbbell shaped. The extraspinal exten-
sion of such tumors can be massive and
may, at times, be observed on chest radi-
ograph or palpated on physical examina-
tion of the neck or abdomen. Although in
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Figure 6-7. An MRI revealing multiple neuroflbromas in neurofibromatosis (NF1). (A) Sagittal contrast-en-
hanced MRI of the thoracic spine demonstrates two neurofibromas (arrows). (B) An MRI of the lumbar spine
reveals two more enhancing neurofibromas in the same patient (arrows). (Courtesy of Dr. Richard Becker.)

the transverse plane they may occur in
any anatomical position in relation to the
spinal cord, more tumors are located in
the dorsal and lateral locations than ven-
trally.30

CLINICAL FEATURES

Gender and Age

Nerve sheath tumors affect both sexes
equally.5,30,31 They may occur in individu-
als ranging from childhood to the very el-
derly, but most are found in the middle-
age years. Although one author reported
that significant numbers were found be-

tween ages 11 and 70, more than 60% of
cases were encountered from age 31
through 60.30 In his series, the average
age was 43.5 years (compared with 53
years as the average age of patients with
spinal meningiomas19).

Symptoms and Signs

In an extensive literature review,5 pain
was the initial symptom in 74% of cases.
The pain may be axial, radicular, and/or
remote (referred lower in the spine or legs
in cases of cervical or thoracic neoplasms).
It is often exacerbated by Valsalva ma-
neuvers, coughing, sneezing, and recum-

A
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bency.32,33 When symptoms and signs were
analyzed according to level of spinal in-
volvement, pain was the presenting com-
plaint in 49% of cervical, 68% of thoracic,
and 91% of lumbosacral tumors.30

Motor and sensory symptoms and signs
are occasional presenting complaints, and
are frequently found at the time of diag-
nosis. These neurological disturbances
may be of radicular and/or funicular ori-
gin. In one series,5 the presenting com-
plaint was motility disturbance in 15% and
sensory abnormalities in 9% of cases.
However, by the time of diagnosis, motor
disturbances were present in 85% of cases
and sensory abnormalities in 70%. A simi-
larly high incidence of motor and sensory
symptoms and signs has been found at the
time of diagnosis in other series.30

Sphincter disturbance and sexual dys-
function form the fourth principal symp-
tom. Such disturbances were found to be
the presenting complaint in only 2.5% of
Nittner's published experience,5 but at the
time of diagnosis, approximately 54% of
patients had such vegetative disturbances.

Out of the four principal clinical fea-
tures (pain, motor disorder, sensory abnor-
malities, and sphincter dysfunction) most
patients are found to have a combination
of at least two of them at diagnosis. For ex-
ample, more than 97% of cases cited by
Nittner5 had two abnormalities and 93%
had three such clinical abnormalities at di-
agnosis;34 65% had all four. A similar expe-
rience was reported by another author.30

The duration of symptoms prior to di-
agnosis of a spinal nerve sheath tumor av-
erages one to four years. The shortest av-
erage course of symptoms is observed in
cervical lesions, and the longest is seen
among lumbar neoplasms.30 Occasionally,
the duration of symptoms may be only
weeks in length, and in exceptional cases,
it may persist for decades. The longest re-
ported course was over 28 years.5

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

Diagnostic Imaging Studies

As in many clinical series, neurofibromas
and schwannomas are often grouped to-

gether as nerve sheath tumors in the radi-
ological literature.23,26 Abnormalities on
plain radiographs are often encountered
in contradistinction to the experience with
spinal meningiomas. In three series, the
incidence of abnormalities on plain radi-
ograph in cases of spinal nerve sheath tu-
mors ranged from 43% to 52%.18,30,31

Those abnormalities most commonly en-
countered include widening of the inter-
vertebral foramen, erosion of the pedicle
or vertebral body, and widening of the in-
terpedicular distance. In the case of large
extradural thoracic tumors, the mass may
be evident on chest radiograph. Spinal
nerve sheath tumors associated with nor-
mal plain radiographs were more likely to
be completely intradural, whereas those
with extension into the extradural space
are characteristically associated with plain
radiograph abnormalities and are often of
the dumbbell variety.18

Prior to the advent of CT and MRI,
myelography was essential for the diagno-
sis of most cases of spinal nerve sheath tu-
mor. In cases of intradural tumor, a mass
is usually observed displacing the cord
with widened subarachnoid space just
above and below the lesion. Although such
neoplasms arise from nerve sheath ele-
ments, they occasionally demonstrate no
anatomical contact with a nerve root on
myelography.31 Although criteria have
been proposed to distinguish nerve sheath
tumors from meningiomas on myelogra-
phy, they may be difficult to differenti-
ate.5,18,30 As in the case of any intraspinal
neoplasm, lumbar puncture below a com-
pressing lesion occasionally may be associ-
ated with neurological deterioration, and
appropriate treatment must be under-
taken urgently to prevent permanent neu-
rological damage.35

Computed tomography is a sensitive
technique for evaluating nerve sheath tu-
mors if the spinal segment affected by the
tumor is imaged.36 Noncontrast CT often
demonstrates a mass slightly more dense
than the spinal cord.37 With intravenous
contrast, uniform tumor enhancement is
typical.37-39 The relationship of the tumor
to the spinal cord may be identified by CT
following the intrathecal administration of
contrast material.40
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Magnetic resonance imaging is a superb
technique for identifying nerve sheath
tumors and may demonstrate both the
intaspinal and paraspinal extent of the
tumor.26,28,29 Commonly these tumors
show bright peripheral contrast enhance-
ment.41,42 It has been reported that malig-
nant lesions can sometimes be differenti-
ated from benign lesions by using MR
criteria. Irregular infitrating margins in
the malignant lesions and differences in
the intensity of the central regions of the
tumor may be observed.43

Cerebrospinal Fluid

The cerebrospinal fluid in cases of spinal
nerve sheath tumor usually shows no signs
of pleocytosis, but typically it reveals an in-
crease in protein. Of 98 CSF analyses,30

only 12 patients had an elevated CSF
white cell count. Some of the CSF analyses
were bloodstained. In patients with CSF
pleocytosis, the tumors were intradural.

The CSF protein content was elevated
in 82% (82/98) of cases, and it was higher
in cases of intradural tumor than when the
tumor was totally extradural. As expected,
it appeared also to be higher in those with
higher-grade blocks than in those with
smaller lesions.

THERAPY

Surgery (usually laminectomy) is the opti-
mal therapy for spinal cord compression
resulting from nerve sheath tumors. Re-
section often leads to an excellent recov-
ery of neurological function even if the
patient has signs of severe neurological
dysfunction at the time of diagnosis. This
is apparently due to the ability of the
spinal cord to adapt to compression from
these slow-growing lesions.44

With total removal of these lesions, re-
currence is rare. However, because these
tumors often are intimately attached to
nerve roots, complete resection may not
be possible without sacrificing the root. In
the setting of neurofibromatosis, multiple
nerve sheath tumors may be present.
Some may not be surgically resectable, or
it may be impractical or unwise to surgi-
cally address multiple lesions. Neurofibro-

mas often are dumbbell in shape; the
hourglass waist is caused by the confines of
the neuroforamina through which it
passes.45 Their location along nerve roots
should warrant extra concern on the
part of the surgeon due to the possibil-
ity of injury to a major radicular vessel,
such as the radiculomedullary artery of
Adamkiewicz during the surgical proce-
dure, resulting in paralysis.

CASE ILLUSTRATION

A 30-year-old businessman presented with
right-sided weakness and gait difficulty. He
had noted progressive weakness of his right
arm over a period of 18 months. In addition,
he observed weakness and stiffness of the right
and, more recently, the left lower extremities.
His disability, however, did not prevent him
from engaging in athletics. One week before
neurological evaluation, he developed tran-
sient right hemiplegia after being struck on the
head with a soccer ball. On neurological exam-
ination, there were no cafe au lait spots. Cra-
nial nerves and funduscopic examinations
were normal. He had disuse atrophy of the
right upper extremity associated with spastic
weakness. There was spastic weakness of both
lower extremities, with the right more affected
than the left. The left upper extremity motor
examination was normal. Sensory examination
was unremarkable. Jaw jerk was normal, deep
tendon reflexes were increased throughout,
and plantar responses were flexor bilaterally.
Gait was slightly ataxic.

The clinical impression was a high cervical or
foramen magnum neoplasm. An MRI was per-
formed (Fig. 6-8). Severe spinal cord compres-
sion from an extra-axial mass was observed to
the left of and anterior to the spinal cord. The
patient underwent complete resection of the
C1-2 mass, which was found to be a neurofi-
broma. He had a complete return of neurolog-
ical function several months after the opera-
tion.

Comment. This case illustrates several im-
portant clinical points. This benign tumor in
the region of the foramen magnum caused
weakness to progress from the ipsilateral up-
per extremity to the ipsilateral leg and then to
the contralateral leg, as often observed in fora-
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Figure 6-8. Spinal neuroflbroma at C1-2 level. (A) This nonenhanced sagittal MRI demonstrates the neurofl-
broma (black arrow) anterior and compressing the spinal cord (white arrow). (B) This gadolinium-enhanced
coronal MRI demonstrates the tumor (black arrows) lateral to the spinal cord (white arrows). (Courtesy of Dr.
Joseph Piepmeier.)

men magnum mass lesions (see Chapter 2).
The symptoms were slowly progressive, but the
patient markedly deteriorated following inci-
dental trauma, as is sometimes observed with
spinal cord compression. Furthermore, despite
severe spinal cord compression as observed on
the MRI, the patient had a relative paucity of
neurological signs consistent with the long evo-
lution of spinal cord compression. Finally, the
patient had an excellent outcome following
surgical removal.

VASCULAR MALFORMATIONS
AND VASCULAR TUMORS

The classification and nomenclature of
vascular malformations and tumors have
represented a great problem for the

pathologist and clinician from the time
these lesions were first described.46,47

Several pathological classifications have
been proposed (Table 6-1). Heman-
gioblastomas are neoplasms and arteriove-
nous malformations are not true neo-
plasms, but both are capable of growth
and compression of neighboring tissue.
They may be very difficult to differentiate
clinically, because both may present as en-
larging mass lesions, may hemorrhage, or
may cause ischemic neurological symp-
toms. Finally, they may be difficult to
separate clinically because in 48% of
spinal hemangioblastomas,48,49 an associ-
ated meningeal varicosity or arteriove-
nous malformation (AVM) is found.

The frequency of vascular malforma-
tions and neoplasms of the spine is diffi-

Table 6-1. Classification of Spinal Vascular Malformations
and Vascular Tumors

Vascular Malformations Vascular Tumors

Capillary Telangiectasia
Cavernous Angioma
Arteriovenous Malformation

Dural
Intradural

Venous Malformation

Capillary Hemangioblastoma
Angiosarcoma
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cult to ascertain with certainty because the
malformations may be clinically silent.
Collectively, vascular malformations and
neoplasms have been estimated to account
for approximately 5% to 10% of primary
"tumors" of the spine.49,50 Vascular mal-
formations are much more frequent than
vascular tumors.49

Vascular Malformations

While in the past spinal arteriovenous
malformations had been described patho-
logically, more recently they have been
classified according to the location of the
arteriovenous shunt.47 With the develop-
ment of spinal arteriography, these lesions
are now distinguished on the basis of
their location in relation to the dura and
whether there are intervening abnormal
vessels between the feeding artery and
draining vein. Using arteriography, in
1977 Kendall and Logue52 classified spinal
arteriovenous malformations into two
major types, dural and intradural. Dural
AVMs are arteriovenous fistulas (here
called dural AV fistulas or dural AVFs) and
are defined as spinal vascular lesions in
which the vascular nidus of the AV shunt
is embedded in the dura, typically at the
proximal nerve root sleeve.53 Alterna-
tively, intradural AVMs are defined as le-

sions in which the vascular nidus is located
within the spinal cord or pia mater. In-
tradural AVMs are supplied by medullary
arteries,54 and may be further classified as
intramedullary AVMs (juvenile and glo-
mus types) and direct AV fistulas.

More recently, spinal vascular malfor-
mations have been classified into 4 types:
type I—dural arteriovenous fistula (AVF);
type II—spinal cord AVM; type III—-juve-
nile AVM; and type IV—perimedullary
AVF. Type I is dural and Types II-IV are
intradural. Types I-III occur in decreas-
ing frequency. Type IV, however, is more
common than type III but less common
than types I and II (Table 6-2).55,56

Type I vascular malformations, dural
AVFs, are thought to be acquired lesions
and are the most prevalent type of spinal
AVM, accounting for over 80% of cases.
They are most common in males in their
fourth to sixth decade and are typically
found in the lower thoracic region and
conus medullaris. The feeding artery is
usually a branch of an intercostal or lum-
bar artery. The branch enters the dura in
the region of a root sleeve that makes a fis-
tula within or beneath the dura and flows
into medullary veins on the dorsal surface
of the spinal cord (Fig. 6-9). McCutcheon
et al.53 have shown in a microangiographic
study from en bloc resections of dural vas-
cular abnormalities that these are direct

Table 6-2. Comparison of Characteristics of Type I (Dural) and Type II, HI, and
IV (Intradural) Spinal AVMs*

Characteristic Type I (Dural) AVM
Type II, III, and IV
(Intradural) AVMs

Percentage of AVMs
Average age of patient at onset
Etiology
Spinal location

Acute symptom onset
Chronic symptoms
Subarachnoid hemorrhage
Symptom progression

85%-90%
40-50 year
Acquired
Thoracolumbar > thoracic

(cervical location rare)
Uncommon (10%-15%)
Common (85%-95%)
Rare
Progressive worsening typical

without significant
clinical improvement

10-25 year (older with type IV)
Congenital
Entire spinal axis

Common (50%-70%)
Less common (30%-50%)
Common (50%-70%)
Spontaneous improvement to

some degree common with
recurrence of symptoms

*AVM = arteriovenous malformation.
From Hamilton, M, et al. 68, p. 2276, with permission.

10%-15%
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Figure 6-9. A middle-aged man presented with a rapidly progressive thoracic myelopathy. An MRI demon-
strated venous congestion and a dorsal irregular vascular mass. As this angiogram demonstrates, there is an AV
fistula (arrows) filling from T8 on the right. The feeding vessel was ligated surgically (extraspinally). The pa-
tient immediately improved to a functional ambulatory state.

AV fistulas that lack a glomerular nidus of
capillaries of the sort classically seen in
AVMs. Normally there is no vascular con-
nection between the dural artery, feeding
both the dural root sleeve and its adjacent
spinal dura, and the medullary vein,
which drains the spinal cord via the coro-
nal venous plexus and radial arteries of
the spinal cord. In the case of a spinal
dural fistula, there is an abnormal shunt
between the dural branch of an intercostal
artery or lumbar artery and the intradural
spinal veins. Since the AV fistula is
drained by intradural medullary veins,
the high arterial pressure from the AV fis-
tula is transmitted to the intradural ve-
nous system and flow is reversed in the in-

tradural venous system. Accordingly, the
coronal venous plexus and intraparenchy-
mal radial veins of the spinal cord become
engorged, causing venous hypertension
within the spinal cord.53 The resulting ab-
normal tangle of blood vessels on the sur-
face of the cord represents the venous out-
flow system, which previously had been
thought to represent an intradural AVM.
Rather, these vessels represent the arteri-
alized coronal venous plexus, which re-
ceives blood from the fistulous communi-
cation between the dural artery and
medullary vein. In the microangiographic
study of McCutcheon et al.53 cited above,
the most typical finding was that there
were multiple feeding arteries and a single
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draining vein in the dural AVFs studied.
In addition, some patients may have had
more than one segmental feeding vessel
supplying the arteriovenous fistula.54,57

Type II spinal cord AVMs are congenital
high-flow, high-pressure, intramedullary
lesions that have a true nidus of abnormal
vessels within the parenchyma of the
spinal cord. These lesions are often re-
ferred to as glomus AVMs. Type II AVMs
are fed by branches of the anterior spinal
artery and intadural arterial system.
There may be a common arterial system
feeding the AVM and spinal cord, which is
critically important in treatment planning.
Like intracranial AVMs, they often have
multiple feeding arteries. Also like in-
tracranial AVMs, symptoms frequently
arise from hemorrhage or via the vascular
steal phenomenon.

Type III vascular malformations, also
called juvenile AVMs, are rare congenital
high-flow, high-pressure lesions. They are
usually very large, and they may be fed by
arteries from multiple different spinal lev-
els. Furthermore, they may extend be-
yond the spinal parenchyma per se into
the extramedullary space or even ex-
traspinal locations. They are very difficult
to treat because of extraspinal, spinal col-
umn, and spinal cord involvement. Simi-
larly, they usually present via hemorrhage
or the steal phenomenon.

Type IV vascular malformations are in-
tradural, extramedullary, or perimedullary
arteriovenous fistulae. Originally described
in 1977 by Djindjian and colleagues,58

they were classified as type IV AVMs by
Heros et al. in 1986.59 Most are located an-
terior to the cord and are fed by the ante-
rior spinal artery. They have been further
subclassified into type, IVa, IVb, and IVc
depending on their anatomic characteris-
tics and size.55,56 They often present with a
progressive neurological defect due to ve-
nous hypertension. Less commonly, they
present with hemorrhage.

The rostral-caudal location of spinal
AVMs depends upon the type. Intradural
AVMs have been found to be more uni-
formly distributed along the spinal axis than
dural AVMs, which show a predilection for
the low thoracic and lumbar areas.54,60

The etiology of AVMs is controversial. It
has been suggested that dural AVMs may
be acquired, and intramedullary AVMs
are congenital in origin.54

PATHOGENESIS OF NEUROLOGIC
MANIFESTATIONS

The pathogenic explanations for neuro-
logical dysfunction in spinal AVMs include
venous hypertension, arterial steal, hem-
orrhage, venous thrombosis and, when
present, compressive effects from dilated
varices and aneurysms. The clinical pre-
sentation and pathogenesis of neurologi-
cal manifestations are to a large extent de-
termined by the type of AVM. As discussed
above, in the case of dural AV fistulas, it is
suggested that the valveless venous system
allows high venous pressure from the AV
fistula to be transmitted to the spinal
veins, causing congestive myelopathy.
(The characteristic angiographic feature
of dural AV fistulas is the early filling of
pial veins following injection of intercostal
or lumbar arteries.) It is this direct com-
munication between the arterial system
and the pial veins which causes venous hy-
pertension within the spinal cord. Fur-
thermore, the caudal cord and conus
medullaris are typically involved in cases
of dural AV fistulas, a finding which has
been recently explained on the basis of
gravity and its effect on the congestive
edema.60

Pathological examination of the cord in
a recent report confirmed the concept that
venous hypertension contributes to the
pathophysiology of progressive myelopa-
thy.57 The histopathology demonstrated
hyalinized blood vessels, arterialized veins,
vascular calcification, and thrombosis
along with necrosis of gray and white mat-
ter, gliosis, and lipid-laden macrophages.
The histopathology described was identi-
cal to that seen in Foix-Alajouanine syn-
drome.57 Arterial steal and hemorrhage
are not likely explanations for the patho-
genesis of neurological dysfunction in
dural AVMs. However, with intradural
AVMs, all pathogenic mechanisms noted
above are considered possible explana-
tions.54
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CLINICAL FEATURES

Spinal vascular malformations occur more
commonly in men than in women. Over
two-thirds of patients in most series are
men.50,54,61 The clinical presentation is
highly dependent upon whether the le-
sions are dural or intradural (Table 6-2).
The average age of patients presenting
with dural AVMs is greater than that of
patients with intradural AVMs. In one se-
ries,54 the average age of patients with
dural AV fistulas was 49 years (range:
22-72); whereas the average age of those
with intradural AVMs was 27 (range:
4-58), with 65% of patients under 25 years
of age.

The symptoms caused by vascular mal-
formations are similar to those of other
space-occupying lesions of the spine—
pain, motor deficit, sensory loss, and
sphincter disturbance (Table 6-3). Pain
may be local, funicular, and/or radicular in
nature. When due to hematomyelia or
subarachnoid hemorrhage, it can be
meningeal, radicular, or funicular in ori-
gin. Precipitating factors found to play a
role in the onset of spinal AVMs in occa-
sional patients include physical exertion,
trauma, and pregnancy.50,54,61

As shown in Table 6-3, paresis is the
most common presenting symptom in pa-
tients with dural AVMs, whereas hemor-
rhage, common in conjunction with in-
tradural AVMs, is not observed with dural
fistulas. Weakness is usually manifested as
spastic paraparesis; loss of pain and tem-
perature is the most common sensory
complaint. When a sensory level is pres-
ent, it often corresponds to the level of the
vascular nidus. Spinal bruits usually indi-
cate high-flow intradural lesions. Some
authors have found that intermittent neu-
rogenic claudication may be the present-
ing complaint of spinal arteriovenous
malformations.62,63 Madsen and Heros64

review the pathogenesis of neurogenic
claudication and postulate that venous hy-
pertension could be the mechanism that
explains some of the neurological mani-
festations of spinal AVMs.

The temporal profile of clinical presen-
tation of vascular malformations varies
widely and, again, depends to a significant
extent upon the type of AVM (see Table
6-2). Type 1 lesions typically present with
a long history of progressive myeloradicu-
lopathy, which may resemble the temporal
profile of a spinal neoplasm.57,65 The
lower extremities are involved, typically

Table 6-3. Initial Symptoms and Symptoms at Diagnosis of
Spinal AVM*t

Initial Symptoms Symptoms at Diagnosis*

Symptom

Back pain
Root pain
Paresis
Sensory change
Impotence
Hemorrhage
Bowel disturbance
Bladder dysfunction
Total cases

Dural
AVMs

2
4

12
5
1
0
1
2

27

Intradural
AVMs

8
2

16
5
2

17
1
3

54

Dural
AVMs

11
7

21
18
14
0

17
22
27

Intra-dural
AVMs

10
20
50
40
23
28
24
40
54

*From Rosenblum, B, et al.,54 p. 798, with permission.
tAVM = arteriovenous malformation.
*The values listed indicate the number of patients with those symptoms when the

diagnosis of spinal AVM was established. Most patients had several of the symptoms.
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with sparing of the arms. Apoplectiform
loss of neurologic function is unusual
given the fact that these lesions in-
frequently hemorrhage as compared to
their intradural counterparts. Alterna-
tively, type II and type III spinal AVMs
are high-flow lesions, which like cerebral
AVMs carry a significant risk of either in-
tramedullary or subarachnoid hemor-
rhage. Furthermore, type II and type III
lesions occur more evenly throughout the
length of the spinal axis and are more
evenly distributed between the sexes. Ac-
cordingly, the patient with a type II or III
AVM more commonly presents at a
younger age with an acute onset of neuro-
logic dysfunction anywhere along the
spinal axis. The clinical presentation of
type IV lesions depends upon the size of
the lesion and the rapidity of flow. Patients
may present with either slow progressive
manifestations or apoplectiform onsets.
Both upper and lower extremities can be
affected, and there is a relatively even dis-
tribution between the sexes. Presentation
is typically between the third and sixth
decades.

Spinal vascular malformations may be
associated with AVMs elsewhere and with
other physical findings. In the Klippel-
Trenaunay-Weber syndrome, an accompa-
nying cutaneous angioma is associated
with a spinal vascular malformation.
Other dysplasias associated with spinal an-
giomas have been reported.49 Cerebral
and spinal aneurysms may also be ob-
served.54 Furthermore, a vertebral an-
gioma may be observed on radiological
study of the spine.50

The Foix-Alajouanine syndrome66,67 has
been considered an example of progres-
sive myelopathy secondary to a dural vas-
cular malformation (type I, see above).68

This syndrome is characterized by a sub-
acute or chronic progressive course, lead-
ing over a period of months to paraplegia.
Spasticity is said to occur early, but it
evolves into a flaccid, areflexic paraplegia
associated with sensory loss and impair-
ment of sphincter function. Pathologically,
in most cases there is evidence of venous
hypertension and severe necrosis of gray
and white matter, most marked in lum-
bosacral segments but extending upward

in some cases to thoracic levels. Blood ves-
sels show thickened, cellular, and fibrotic
walls.57,69-71

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

The CSF may show elevated protein and
evidence of recent bleeding, but a normal
CSF profile does not exclude a spinal an-
gioma.50,61 Myelography is reported to be
abnormal in over 90% of cases of spinal
vascular malformations and is specific for
the diagnosis in nearly two-thirds.61 It has
been suggested that by demonstrating
characteristic filling defects, myelography
has been more sensitive than MRI in de-
tecting enlarged intradural veins, espe-
cially those with low flow.65,72 The rapid
advances in MRI and MR angiography are
expected to improve sensitivity of this
modality (see below). Spinal angiography
has also been found to be specific and crit-
ical for identifying the feeding vessels and
draining veins, as well as the vascular
nidus.55,56,61,73 However, as demonstrated
by the microangiographic study of Mc-
Cutcheon et al.,53 multiple collateral feed-
ing arteries, which may not be visualized
using spinal arteriography, are usually
present. The CT is often abnormal but en-
hancement may be difficult to differenti-
ate from neoplasms. Dynamic CT, in
which CT images are obtained successively
every few seconds, may help distinguish
between a neoplasm and a vascular mal-
formation.39

An MRI provides several advantages in
evaluating spinal AVMs. There have been
several studies reporting the results of
MRI in cases of dural AVFs which are re-
viewed below. These include not only the
demonstration of an abnormally enlarged
and tortuous venous system in some cases
but also the effects on the spinal cord it-
self. For example, cord edema, diffuse in-
crease in cord diameter, abnormal cord
enhancement, and myelomalacia have
been reported.55-57,74-76) As noted pre-
viously, the caudal cord and conus
medullaris are typically involved in cases
of dural AV fistuals regardless of the level
of the abnormal vascular nidus. Accord-
ingly, MRI may show cord signal ab-
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normality extending from the conus ros-
trally.57,60 In a study of 14 patients with
spinal dural arteriovenous fistulas, all pa-
tients had regions of abnormal signal on
T2-weighted images, 93% had focal in-
creased cord caliber, and 57% had promi-
nent intradural vessels.77 However, these
findings were considered relatively non-
specific. Other authors have reported that
the findings on MRI may be difficult to
distinguish from neoplasms.57,78 An MRI
may not reliably demonstrate the vascular
fistula in types I and IV spinal AVMs.68 It
has been reported that when the MRI is
nonspecific, myelography may improve
diagnostic sensitivity.79 In cases of type II
and III spinal AVMs, MRI can often visu-
alize the vacular nidus of the AVM.68 With
MR angiography, the arterial pedicles of
spinal AVMs have been shown.80

Arteriography is the specific diagnostic
test that permits visualization of the feed-
ing arteries and draining veins. When
there is a high index of suspicion that a
spinal AVM exists, but confirmation via
other imaging modalities has not been
forthcoming, spinal angiography may be
required to establish the diagnosis. Spinal
angiography can be helpful (1) in confirm-
ing the diagnosis, (2) identifying the vas-
cular anatomy of the lesion, and (3) classi-
fying the AVM. This information is
important in planning therapy in choos-
ing between endovascular and surgical in-
terventions.81

THERAPY

The management of spinal AVMs is con-
troversial and difficult.47,68 For the most
part, it is dictated by the type of malforma-
tion, its site of origin, and its extent.82 Bar-
row and Anson and Spetzler presented
general recommendations based on these
factors.55,56 With the advent of microsurgi-
cal techniques and spinal angiography,
treatment has improved. For example,
type I (dural) AVMs have been obliterated
by surgically ligating the feeding vessels to
the AVM.83 Using this technique, Spetzler
and colleagues68 reported that 18 (72%) of
25 patients with type I spinal AVMs
clinically improved, 6 (24%) stablized,
and 1 (4%) worsened. For patients with

intradural AVMs, endovascular emboliza-
tion has become an alternative to sur-
gery or has been performed preopera-
tively.68,73,79 However, both surgery and
embolization carry the significant risk of
worsening the neurological deficit. Thus,
in some cases no intervention is rec-
ommended. Patients should be managed
by physicians with a large experience
with these rare and often devastating le-
sions.54,73,83

Spinal Vascular Neoplasms
A review of spinal hemangioblastomas2,48,51

reported that they represent approxi-
mately 2% of all spinal tumors, 3% of
intramedullary neoplasms, 2% of extra-
rnedullary-intradural tumors, and 4% of
extradural tumors. It should be recog-
nized that these surgical series tend to ex-
clude metastatic neoplasms.

CLINICAL FEATURES OF SPINAL
HEMANGIOBLASTOMAS

Some of the clinical features of spinal cord
hemangioblastomas, which affect both
sexes equally, are shown in Table 6-4.48

The average age of patients with spinal
hemangioblastomas is approximately 30
years. Of 85 hemangioblastomas, Browne
et al. found the following levels of involve-
ment: cervical, 38%; thoracic, 48%; and
lumbar, 16% (Table 6-4).48

In the spinal cord, lesions are single in
nearly 80% of cases. Lindau disease, char-
acterized by hemangioblastomas occur-
ring at multiple sites throughout the cen-
tral nervous system, was found in nearly
one-third of the patients in one review.48

The associated hemangioblastomas were
most common in the medulla, cerebellum,
and retina. Of clinical importance is the
observation that when cerebellar or retinal
hemangioblastomas coexist with spinal le-
sions, the former usually become clinically
symptomatic before those in the spine.

As most hemangioblastomas are situ-
ated in the dorsal aspect of the spinal
cord, sensory loss and radicular pain are
common early symptoms. As the other
spinal tracts become involved, symptoms
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Table 6-4. Histologically
Demonstrated Cases of Spinal Cord
Hemangioblastoma*

No. (%) of Patients

Sex
Male
Female

42
38

(52.5)
(47.5)

No. of Hemangioblastomas
Single 59 (78.7)
Multiple 16 (21.3)

Position of Hemangioblastoma
Intramedullary 45 (60.0)
Extramedullary-intradural 16 (21.3)
Intramedullary and 8 (10.7)

extramedullary
Extradural 6 (8.0)

Level of Hemangioblastomas
Cervical 30 (37.5)
Cervicothoracic 3 (3.7)
Thoracic 38 (47.5)
Lumbar 13 (16.2)
Lumbosacral 3 (3.7)
Sacral 2 (2.5)
Cauda equina 7 (8.7)

Syringomyelia
Present 34 (43.0)
Absent 45 (57.0)

Meningeal Varices
Present 34 (47.9)
Absent 37 (52.1)

Lindau disease 26 (32.5)

Coincident Hemangioblastomas
Any location 26 (32.5)
Medulla 18 (22.5)
Cerebellum 15 (18.7)
Retina 14 (17.5)
Supratentorial area 3 (3.7)

Visceral Lesions of 18 (22.5)
Lindau Disease

Family History of
Hemangioblastoma

Present 11 (23.9)
Absent 35 (76.1)

*From Browne, TR, et al.,48 p. 439, with permission.

and signs extend to include motor find-
ings. Spinal hemangioblastomas may re-
main clinically silent throughout life and
be found incidentally at autopsy.84,85

The CSF in cases of spinal heman-
gioblastoma is often xanthochromic, and it
has an elevated protein level.86 Plain radi-
ograph abnormalities were found in 37%
of the cases shown in Table 6-4.48 The
most commonly encountered findings
were widening of the interpedicular dis-
tance and the anteroposterior diameter of
the vertebral canal. Several contiguous
vertebrae are often found to have erosion
of vertebral bodies and pedicles due to the
expanding intraspinal mass.87

When performed, myelography is ab-
normal in over 90% of cases.48 Depending
upon the location of the tumor, both in-
tramedullary and extramedullary masses
may be found. When an associated sy-
ringomyelia has developed, the cord may
be widened. This diagnosis should be con-
sidered dilated serpiginous vessels are en-
countered. Spinal angiography has been
useful in the evaluation of these le-
sions.88-90 A CT often reveals a soft-tissue
mass with dramatic contrast enhance-
ment,39 and a cyst or syringomyelic cavity
may be demonstrated. Several abnormali-
ties may be observed using MRI, including
diffuse enlargement of the spinal cord,
cystic areas, and edema extending several
segments beyond the limits of the tumor.91

Following the administration of paramag-
netic contrast agents, enhancement has
been reported in spinal hemangioblas-
tomas (Fig. 6-10).26 The nidus of tumor
may enhance, distinguishing it from an
adjacent cyst.28,92

The definitive treatment of spinal
hemangioblastomas is surgery (usually
laminectomy).48 Recent investigators have
reported successful removal of spinal he-
mangioblastomas with improvement in
neurological function postoperatively us-
ing microsurgical techniques.93,94 In cases
where larger lesions or strategically placed
tumors may make complete removal im-
possible without unacceptable neurologi-
cal injury, radiation therapy has been
used following incomplete resection of
the hemangioblastoma, or occasionally as
primary therapy.48 When the heman-
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Figure 6-10. Thoracic spine MRI (sagittal image) re-
veals an enhancing intramedullary lesion (arrow)
which was found at surgery to be a hemangioblas-
toma. (Courtesy of Dr. Richard Becker.)

gioblastoma nodule cannot be completely
resected, it usually recurs. Infantile spinal
hemangiomas may respond to steroid
therapy.45

EPIDERMOID AND DERMOID
CYSTS AND TERATOMAS

Epidermoid and dermoid cysts and ter-
atomas comprise approximately 1% to 2%
of primary spinal tumors. In the Mayo
Clinic analysis of 1322 tumors of the
spine, 18 (1.4%) were one of these his-
tological types. Of this group, ten were
intramedullary tumors; however, these
neoplasms also may reside in the extra-
medullary-intradural space. Among chil-
dren, these tumors account for nearly 5%
of primary spinal tumors.95

The wall of an epidermoid cyst is com-
posed of connective tissue lined by strati-
fied squamous epithelium.96-99 The cen-
tral cavity of the cyst contains fat-laden
keratinized debris produced by the ep-
ithelium.100 The wall of a dermoid cyst has
a similar composition, but it also contains
such dermal appendages as hair follicles,
sebaceous glands, and occasional sweat
glands.101 The central cavity may also con-
tain hair and glandular secretions. When

either cyst is present in the subarachnoid
space, it may be surrounded by signs of
chronic inflammation. These cysts may re-
lease their contents, resulting in arach-
noiditis.102,103

Epidermoid and dermoid cysts arise ei-
ther as a result of an error in development
in which cutaneous ectoderm is enclosed
within the neural tube104 or, possibly, as a
result of the introduction of skin at the time
of lumbar puncture.105-107 Evidence sug-
gests that epidermoid tumors may develop
years after lumbar puncture is per-
formed.108 When the tumors occur in the
setting of a developmental error, other
anomalies may be found, such as spina bi-
fida occulta, posterior dermal sinuses, sy-
ringomyelia, and diastematomyelia.104,108

Dermal sinus tracts, beginning in the skin,
may extend into the spinal canal and termi-
nate intradurally in a dermoid cyst.108,110

Other related tumors and cysts may
be more complex, exhibiting elements of
mesodermal tissue and thus classified as
teratomas.111,112 Teratomas in the spinal
canal are rare, with the majority appear-
ing in childhood.113 Other developmental
abnormalities, such as spina bifida, are of-
ten found in association with such ter-
atomas.114

Epidermoid and dermoid cysts are slow-
growing mass lesions. They may occur at
any level of the spinal axis,114 but more of-
ten they are found in the lumbar region,
causing symptoms referable to the cauda
equina and conus medullaris. When they
arise at a higher level in the spinal canal,
symptoms and signs referable to these lev-
els develop.

In cases associated with developmen-
tal anomalies, cutaneous stigmata consist-
ing of hypertrichosis, pigmented skin,
and cutaneous angiomas may be found.
Repeated bouts of sterile meningitis due to
rupture of the cysts may herald their pres-
ence. Examination of CSF under polarized
light may demonstrate the presence of ker-
atin released by an epidermoid cyst. In
cases of developmental origin, vertebral
defects may be noted on plain radiographs
of the spine. Myelography and CT myelog-
raphy39 may demonstrate dermoids and
epidermoids; MRI is expected to be useful
in their evaluation.26
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Surgery (usually laminectomy) is the
treatment of choice. Gross total resection
can usually be achieved.

LIPOMA

Spinal lipomas are rare primary tumors of
the spinal canal composed of lobules of
adult adipose tissue.17,51,115 Many in-
traspinal lipomas are associated with other
developmental defects of the vertebral
arches, dura, and subcutaneous tissue.
These lesions thus may be considered as
part of a myelovertebral malformation
rather than as an isolated spinal neo-
plasm. Such developmental lipomas are
often transdural when observed in associa-
tion with meningocele or myelomeningo-
cele. A tethered conus medullaris may also
be observed in such cases. The develop-
mental lipomas associated with spinal dys-
raphism commonly occur in the caudal
spinal canal and present in the early
decades of life;116,118 they are excluded
from the present discussion.

Intradural spinal lipomas constitute ap-
proximately 1% of primary spinal tumors.
In the Mayo Clinic series,2 there were
6 (0.5%) lipomas among 1322 primary
spinal neoplasms. Another study118 found
6 (1.6%) intradural spinal lipomas among
378 primary spinal tumors. The tumors
most frequently are located on the poste-
rior surface of the spinal cord in the
midline; this observation has led to the
suggestion that they arise from embry-
ologically misplaced cells.46

The lipoma is often covered on its dor-
sal surface by pia mater.118 The neoplasm
is usually adherent to the underlying
spinal cord and may often extend into the
substance of the cord itself. Lipomas are
thus often both intramedullary and in-
tradural-extramedullary in location. Any
segmental level of the spinal axis may be
the site of an intraspinal lipoma,119 but the
cervicothoracic region has been found to
be a favored location.118

Although Giuffre118 excluded spinal
lipomatous malformations from his re-
view, he still found that one-third of in-
tradural lipomas were associated with
other lesions, predominantly malforma-

tions, including spina bifida occulta,
cranial osteomas, craniopharyngioma, sub-
cutaneous lipoma at the same level, hy-
drocephalus, extradural lipoma, and in-
tracranial lipoma. Thus, as with teratomas
and epidermoid and dermoid cysts, the
distinction between developmental anom-
alies and true neoplasms may be diffi-
cult.112,114

Intradural lipomas appear to show no
predilection for either sex.118 Although
they may present at any age, approxi-
mately two-thirds of patients report that
symptoms began before age 30.118 Symp-
toms often are present for long periods of
time prior to diagnosis. In the Mayo Clinic
series,2 the average duration of symptoms
prior to surgery was 11 years, 8 months;
the longest duration was 31 years. In the
more recent review by Giuffre,118 56% of
patients had symptoms exceeding 3 years;
in 10%, the symptoms were present for
over 20 years. The tumor may come to
clinical attention after trauma, Valsalva
maneuver (such as a sneeze), or preg-
nancy.118,120

Although pain was the first symptom in
four of six patients in the Mayo Clinic se-
ries,2 Giuffre118 has commented on the in-
frequency of radicular pain in patients
with intradural lipomas. In his review,
numbness and ataxia were the most com-
mon presenting complaints. Despite the
intramedullary location of some of these
tumors, a suspended segmental sensory
loss has been infrequently found.118 As
spinal cord compression or cauda equina
compression ensues, the symptoms and
signs are those of other space-occupying
lesions of the spine. As with other spinal
tumors, remissions and exacerbations
have been reported in a minority of pa-
tients. The long duration of symptoms ap-
pears to be the most characteristic feature
of intradural lipomas.

Plain radiographic abnormalities of the
vertebral column are observed in approxi-
mately one-half of cases of intradural
lipoma.118 Widening of the spinal canal,
abnormal curvature, and congenital ab-
normalities are the most frequently en-
countered characteristics. Myelography
usually shows a mass lesion.118 On CT, the
tumor is usually observed as a non-
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contrast-enhancing, homogenous mass of
low attenuation.23,39,121 Magnetic reso-
nance imaging is a sensitive technique for
imaging lipomas. It plays a dominant role
in their diagnosis and management.26

When the intraspinal lipoma is associated
with spinal dysraphism, many other ab-
normalities are observed.22,122

Surgery (usually laminectomy) is the
treatment of choice for spinal cord com-
pression with neurological deficit due to
lipoma.118 Recovery or improvement in
function typically follows. If feasible, com-
plete resection is preferred, but laminec-
tomy alone may lead to a long period of
clinical stabilization.123 Complete resection
may be difficult or dangerous due to an
unclear demarcation between tumor and
spinal cord.

INTRAMEDULLARY TUMORS

Gliomas are among the most common in-
tramedullary spinal neoplasms: They are
found in 0.01% to 0.06% of routine autop-
sies.124 In the Mayo Clinic series of pri-
mary tumors of the spinal canal,2 gliomas
were the third most common tumor (after
nerve sheath tumor and meningioma),
accounting for 22% of all neoplasms
encountered. Gliomas arise from neu-
roglia and may be classified in the spinal
cord as ependymomas, astrocytomas,
oligodendrogliomas, spongioblastomas, or
subependymal gliomas.2

Over 60% of spinal gliomas are ependy-
momas; astrocytomas claim 25%, and
glioblastoma and oligodendroglioma com-
prise 7.5% and 3%, respectively.124 Among
children alone, however, spinal astrocy-
toma is more common than ependymoma.
Approximately 50% of all spinal gliomas
are located in the caudal segments and
filum terminale.124 Oligodendrogliomas of
the spinal cord are extremely rare; only
38 cases were reported prior to a re-
view published in 1980.125 Subependymal
gliomas are similarly rare.2 Spongioblas-
tomas have been classified as astrocy-
tomas.17 Yagi and colleagues126 have re-
ported that intramedullary spinal cord
tumors in patients with neurofibromatosis
type 1 tend to be astrocytomas. Although

primary intramedullary spinal lymphoma127

has been rarely reported, its frequency
may increase as the incidence of primary
CNS lymphoma rises.128

Ependymoma

Spinal ependymomas arise from ependy-
mal cells and may occur as intramedullary
growths throughout the length of the
spinal cord or in the region of the cauda
equina. Ependymal cells are those that
line the central cavities of the central ner-
vous system. In addition, ependymal cells
have been found in abundance in the re-
gion of the filum terminale. Detailed his-
tological studies of this structure found
that the filum terminale is not merely a fi-
brous band; it contains multiple islands of
ependymal cells.129 These observations
may explain the high frequency of ependy-
momas in the caudal spine.130

When ependymomas occur within the
spinal parenchyma, they characteristically
form a cylindrical mass surrounded by
normal spinal tissue. The spinal cord may
enlarge to cause a complete subarachnoid
block. The tumor may extend from the in-
tramedullary region of the spinal cord to
breach the pia mater into the subarach-
noid space.2 When the tumor develops in
the filum terminale, it forms a nodular or
fusiform swelling in the caudal spinal ca-
nal. The tumor often grows between and
invades the cauda equina.

Most ependymomas are histologically
benign, although remote metastases may
occur.124 The presence of ependymal
rosettes is a characteristic and, essentially,
a diagnostic feature.17 According to the
histological classification used by Sloof,
Kernohan, and MacCarty, 2 ependymomas
may be graded from 1 to 4; grade 1 is the
most benign form and grade 4 the most
malignant. In their series of 169 cases, 108
were grade 1, 56 were grade 2, and 5 were
grade 3 ependymomas; there were no
grade 4 ependymomas. Furthermore,
ependymomas may be classified as cellu-
lar, papillary, epithelial, myxopapillary,
and mixed, according to their histologi-
cal appearance. Although myxopapillary
ependymomas are virtually restricted to
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the region of the conus medullaris and
cauda equina, the other histological types
also may occur in this region.124

Among primary spinal tumors, ependy-
momas were found in 13% 169 of the Mayo
Clinic series of 1322 primary spinal tu-
mors.2 Ependymomas constitute the most
common histological type of intramedul-
lary glioma in the spinal cord including
the filum terminale. In the large Mayo
Clinic series, 62% of intramedullary and
filum terminale gliomas were ependymo-
mas.

LOCATION

Ependymomas may arise at any level of
the central nervous system. In a clinical
survey of 74 ependymomas cases,131 64%
were intracranial and 36% were spinal.

Within the spinal canal, ependymomas
are classified as intramedullary tumors
when at the level of the spinal cord, or as
neoplasms of the cauda equina. Of the 169
cases in the Mayo Clinic series,2 57% were
at the level of the cauda equina and 43%
were intramedullary. In other series of
ependymomas,2,131,132 49% occurred at the
level of the cauda equina and 50% were in-
tramedullary (20% cervical and 31% tho-
racic).133

When ependymomas arise within the
substance of the spinal cord, they often ex-
tend over multiple segments. In one surgi-
cal series of intramedullary spinal cord tu-
mors,134 the mean length of solid tumor
was 4.7 segments. Occasionally spinal
ependymomas may metastasize through-
out the neuraxis.135

Among primary caudal tumors, ependy-
moma has been reported as the most fre-
quent histological type.136 In a series of
100 primary caudal tumors,130 ependy-
moma accounted for 88% of cases. The
second most common tumor in this series
was astrocytoma, responsible for 8%.

CLINICAL FEATURES

Spinal ependymomas are more frequent
in men than in women. Men accounted for
63%131 and 59%2 of cases in two series.

Spinal ependymomas may occur at any
age from childhood to late life but, unlike

their intracranial counterparts, they ap-
pear to be rare in infancy and early child-
hood.133 The youngest patient among 169
cases in one series2 was 6 years old; the
youngest in another was 14. The average
age of patients with ependymomas of the
filum terminale has been reported as 35
years, whereas the average age of those
with intramedullary spinal cord ependy-
momas was 42 years.2

The interval of time between the onset
of symptoms and diagnosis of spinal
ependymoma ranges from days to years.
In one series,131 one patient presented af-
ter two days of leg weakness associated
with coughing. At the other extreme, a pa-
tient with a caudal tumor had a 20-year
history of coccygeal pain. Trauma often
appears to precipitate symptoms; in the
same series,131 33% of patients with spinal
ependymomas attributed their symptoms
to trauma.

In the detailed analysis of the Mayo
Clinic series,2 the average duration of
symptoms was 56 months for grade 1
ependymomas and 33 months for grade 2.
The average duration was similar for
grade 1 lesions in the spinal cord as com-
pared with the filum terminale (52 versus
58 months). For grade 2 tumors, however,
the average preoperative duration was
only 17 months for filum terminale le-
sions, compared with 49 months for intra-
medullary ones. Among the entire series
for all sites, two thirds had symptoms for
less than 4 years.2

The primary symptoms and signs in
spinal ependymoma may be classified as
pain, motor dysfunction, sensory distur-
bance, and sphincter disturbances. Pain,
the most common initial symptom, may be
due to vertebral compression (local),
nerve root irritation (radicular), and/or as-
cending spinal tract involvement (funicu-
lar). Although these types of pain may oc-
cur separately, they more often occur in
combination. As discussed in Chapter 2,
the pain associated with intramedullary
tumors is more often funicular than radic-
ular.137 Furthermore, funicular pain is
usually bilateral, poorly localized, diffuse,
and burning. Dysesthetic pain has been
reported to be a common manifestation of
cervical ependymomas, whereas motor
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dyfunction was found as the primary man-
ifestaion in only five of 38 cases.138 In the
thoracic spine, scoliosis is a common clini-
cal presentation.139 Alternatively, pain due
to cauda equina compression is usually
radicular, although it may commonly be
bilateral.

Among the 149 patients with spinal
ependymomas, 117 experienced pain as
the presenting symptom.2 Back pain was
the most common (60 patients), but back
and limb pain (9 patients), lower extrem-
ity pain alone (16 patients), neck/upper
extremity pain,14 and truncal pain (6) also
were reported. Coccygeal pain has also
been observed as a presenting com-
plaint.131,133 In the series cited above,2

three patients initially reported rectal dis-
comfort.

In the same series,2 the second most
common presenting complaint was sen-
sory disturbance. Twenty-one of 149 pa-
tients initially had sensory symptoms, gen-
erally in the form of numbness, coldness,
and hypesthesia. The sensory distur-
bances could involve any region of the
body. Motor disturbance was the third
most common presenting symptom, re-
ported in 15 patients. As with sensory
complaints, motor disturbances more fre-
quently involved the legs than the arms,
but they could occur at any location.
Sphincter disturbance or impotence was
the presenting complaint in five patients.

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

The cerebrospinal fluid usually demon-
strates an elevated protein concentration,
especially when the tumor causes a block
of cerebrospinal pathways.2,131 Occasion-
ally a dry tap is encountered, especially
with tumors of the filum terminale. A CSF
pleocytosis is occasionally encountered;
the average number of cells in the cere-
brospinal fluid in the Mayo Clinic series2

was 5 to 6 per cubic millimeter.
Plain radiographs of the spine have

been reported as abnormal in a minority
of patients with spinal ependymomas.2

The abnormalities usually consist of
widening of the interpedicular distance,
erosion of the medial surface of the pedi-

cle, and concavity of the posterior surface
of the vertebral body. In one series,131

these abnormalities were encountered in
38% of patients.

With myelography, intramedullary spinal
tumors may show widening of the spinal
cord. Alternatively, the width of the spinal
cord may appear normal despite the pres-
ence of an intramedullary neoplasm. In
the region of the filum terminale, an
ependymoma may displace and compress
the cauda equina. A CT is often comple-
mentary to myelography in cases of spinal
ependymoma. A thin rim of intrathecal
contrast may be observed on CT that is
not evident with plain myelography, thus
demonstrating the intramedullary loca-
tion of the tumor. Nonenhanced CT of
ependymomas frequently demonstrates a
decreased attenuation or isodense tumor
as compared with the cord.39 Ependymo-
mas may contrast-enhance following intra-
venous contrast administration.24,39,140

Contrast enhancement of ependymomas
may be prominent and has been found to
be similar to that of intramedullary astro-
cytomas.140

Magnetic resonance imaging has been
found useful in distinguishing sy-
ringomyelia from intramedullary tumors
with or without associated tumor cavi-
ties.26,74,141 With the use of paramagnetic
contrast-enhanced MRI, spinal ependy-
momas may be readily observed (Fig.
6-11). Thus MRI is the initial imaging
modality of choice in evaluating intramed-
ullary spinal cord neoplasms.141,142 T1-
weighted images may demonstrate cysts
associated with the tumor and distinguish
a cyst from solid tumor. Injection with
contrast may reveal contrast enhancement
that helps delineate the neoplasm from
surrounding edema of the cord.139 Pa-
tients with caudal spinal ependymomas
should be evaluated for an intracranial
ependymoma that is presenting with a
drop metastasis.

THERAPY

While conservative surgery followed by ra-
diotherapy had been recommended by
some investigators,143 the advent of im-
proved surgical techniques has led to radi-
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Figure 6-11. Ependymoma of the filum terminale. A
45-year-old woman presented with low back pain
and sciatica. An MRI with contrast enhancement re-
vealed a large enhancing mass (arrow) occupying
most of the spinal canal. Surgical removal of the neo-
plasm revealed a myxopapillary ependymoma that
was subtotally resected. She was treated with postop-
erative radiotherapy and did not have recurrence of
her ependymoma for five years, at which time she
died from acute leukemia. (Courtesy of Dr. Richard
Becker.)

cal surgical resection of these lesions
without routine adjuvant postoperative
radiotherapy.134,139 In a recent study of pe-
diatric spinal cord ependymomas, 70% of
tumors were totally removed.144 In an-
other series, clinical improvement or sta-
bilization was reported in 21 of 29 patients
(72%) undergoing radical resection of in-
tramedullary tumors, usually via laminec-
tomy (14 of the 29 patients had ependy-
momas).134

Ependymomas may be curable via ag-
gressive surgery, particularly in cases in
which a clear plane between tumor and
spinal cord parenchyma exists. As with all
intramedullary lesions, surgery entails a
myelotomy, usually in midline, followed
by suction and blunt dissection of the tu-
mor and extirpation from its gliotic tumor
bed within the parenchyma of the spinal
cord.

The efficacy of postoperative radiother-
apy following incomplete resection of
spinal ependymomas is controversial.
Withholding immediate postoperative ra-
diotherapy following complete resection
has been suggested,139 but routine postop-
erative radiotherapy has been recom-
mended in cases of incomplete resec-
tion.45,143,145 Its value has been questioned
by others.139,146,148 In a recent retrospec-
tive study of 22 patients with spinal
ependymal tumors treated between 1979
and 1993, it was concluded that radiother-
apy is indicated after less than total resec-
tion of low-grade ependymal tumors, but
not after total resection of ependymo-
mas.149 Other authors have suggested
close follow-up of patients with low-grade
ependymomas using serial MRI scans, re-
serving postoperative radiotherapy for
those patients with rapid tumor growth or
in cases where the ependymoma can not
be removed radically.139

The prognosis for survival of patients
with spinal ependymomas is relatively
favorable. Of 51 patients with spinal
ependymomas reported in one study,146

72% were alive at ten years. In a more re-
cent study, the actuarial survival rate at
five years was 96%.149 In this latter series,
there was no difference in survival be-
tween the group undergoing gross total
resection versus those undergoing partial
resection followed by radiotherapy. Pa-
tients with cauda equina tumors have a
better prognosis than those with intra-
medullary neoplasms, and those with
myxopapillary histology fare better than
those with cellular pattern.146

Astrocytoma

Astrocytomas and ependymomas are the
two most common intramedullary tumors
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of the spinal cord.150 In the Mayo Clinic
series,2 86 (7%) of the entire group of 1322
primary spinal tumors were astrocytomas.
Although ependymomas (13%) were the
most commonly encountered intramedul-
lary tumor if the filum terminale is in-
cluded in that designation, among tumors
arising within the spinal cord per se, astro-
cytoma was the most common. Astrocy-
toma of the filum terminale is unusual,
with only 7% of the cases of astrocytoma
appearing in this region in the Mayo
Clinic series.2 In another surgical series of
intramedullary tumors (excluding the
filum terminale),134 there were 14 ependy-
momas and ten astrocytomas. Among
purely intramedullary spinal tumors in
children, astrocytomas are approximately
twice as frequent as ependymomas.151,152

As in the brain, spinal astrocytomas are
often histologically classified from grade 1
to 4. The less malignant grades 1 and 2
are much more frequently encountered in
the spinal cord than are the higher grade
lesions.153 Among the Mayo Clinic series,
76% were either grade 1 or 2.2 A much
higher incidence of more malignant astro-
cytomas is encountered in the brain.2

Cysts or syringomyelia may be associated
with spinal cord astrocytomas.2,154

LOCATION

The thoracic spine is the most frequent lo-
cation for spinal cord astrocytomas.2,134 In
the Mayo Clinic series2 20% were in the
cervical region, 13% in the cervicothoracic
area, and 48% in the thoracic spine; only
5% were in the lumbar region alone.
These observations correspond to the ex-
pected frequency of spinal cord tumors
based on the relative length and mass of
the spinal cord.153 Using microsurgical
techniques, Cooper and Epstein134 found
that the mean length of solid tumor in pa-
tients with astrocytoma was 5.3 segments.

CLINICAL FEATURES

Spinal cord astrocytomas are more fre-
quently observed in men than in
women.153 Of 86 patients in the Mayo
Clinic series,2 48 were males. These tu-
mors may arise at any age, although the
average patient is middle-aged. Patients

with lower-grade tumors tend to be
slightly older than those with more malig-
nant lesions; in one series,155 the average
age of patients with astrocytoma grade 1
or 2 was 40 years, whereas that of patients
with astrocytoma grade 3 or 4 was 34. The
Mayo Clinic series2 found the average age
of patients with astrocytoma grade 1 or 2
was 37 years, whereas that of patients with
glioblastoma was 23.

Although there is a considerable range,
the mean duration of symptoms prior to
diagnosis depends to some extent upon
the grade of the astrocytoma. The average
duration of symptoms in the Mayo Clinic
series was reported to be 41 months for
grade 1, 29 months for grade 2, 7 months
for grade 3, and 4 months for grade 4.2

The range of duration of symptoms was
very broad, especially for lower-grade tu-
mors; the interval ranged from 1 month to
12 years for grade 1 astrocytomas.

As in other spinal tumors, the most com-
mon presenting symptoms of patients with
spinal astrocytomas are pain, motor disor-
ders, sensory disturbances, and sphincter
dysfunction. Pain is the most frequent pre-
senting complaint,2 and may be local,
radicular, or funicular in nature; the site
of referral depends on the location of the
tumor. Motor disturbances are the second
most frequent presenting complaint and
include weakness, spasticity, or atrophy.
When the lesion is in the cervical spine,
upper extremity atrophy may be accom-
panied by lower extremity spasticity. Sen-
sory and sphincter disturbances are less
frequent presenting complaints. Sensory
abnormalities often occur in a suspended
distribution (see Chapter 2). At the time of
diagnosis, most patients have more than
one symptom, and they usually demon-
strate multiple abnormalities on their neu-
rological examination.2

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

The cerebrospinal fluid usually shows
signs of elevated protein, varying accord-
ing to the degree of spinal block. Pleocyto-
sis is occasionally found; the average num-
ber of white cells in the Mayo Clinic series2

was 7 per cubic millimeter. On rare occa-
sions, malignant astrocytomas may spread
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via the subarachnoid pathways and seed
the leptomeninges throughout the neu-
raxis.156 In such cases, the CSF may dem-
onstrate malignant cells.

Plain radiographs of the spine are usu-
ally not helpful in evaluating patients with
spinal astrocytomas. Among 74 patients
undergoing such studies, only five demon-
strated signs diagnostic of tumor.2 Myelog-
raphy is usually diagnostic of an intramed-
ullary tumor but may occasionally be
normal. A CT following the administra-
tion of intrathecal contrast is considered
sensitive. A second series of CT scans ob-
tained 12-24 hours following the intrathe-
cal administration of contrast material
may demonstrate the presence of an intra-
medullary cyst because the cystic cavities
fill with dye.23,134 An MRI may demon-
strate the location and extent of these tu-
mors, including the presence of an associ-
ated cyst or syringomyelia.74,141 Following
the administration of paramagnetic con-
trast material, MRI has been found to
characterize and delineate of intramedul-
lary astrocytomas.26,92 Areas of contrast
enhancement may identify regions of neo-
plastic tissue (Fig. 6-12).92 The initial
imaging procedure of choice for intra-
medullary spinal neoplasms is MRI.139,141,142

Somatosensory-evoked potentials (SSEP)
have been used to evaluate intramedullary
cord tumors and syringomyelia.157 Ac-
cording to Restuccia and colleagues, the
SSEP was frequently more sensitive than
the clinical neurologic examination in
defining the extent of involvement. This
modality may offer an adjunct to the clini-
cal examination and MRI scan in evaluat-
ing response to therapy, particularly in pa-
tients with subtle neurologic signs.

THERAPY

The therapy of intramedullary astrocy-
tomas is controversial. While biopsy fol-
lowed by radiotherapy has been recom-
mended by many investigators,143,149,158,159

recent advances in surgical techniques
have led to reports of total or near-total
resection of these tumors (via laminec-
tomy as described for ependymomas) fol-
lowed by improvement or stabilization
of the clinical status in selected pa-

tients.45,134,152,160,161 However, while a re-
cent study reported that total resection
could be achieved in 33% of pediatric pa-
tients with spinal astrocytomas, these au-
thors concluded that the extent of re-
section did not significantly influence
prognosis.144 Postlaminectomy spinal de-
formities may be a significant postopera-
tive complication, especially in children.152

Although the benefits of adjuvant post-
operative radiotherapy are controver-
sial,139,162 many authors recommend its
use, especially in cases where there has
been incomplete resection of the tu-
mor.45,149,152,158,159 In children, considera-
tion needs to be given to the impact of ra-
diotherapy on the developing nervous
and osseus systems.139

Survival is related to the grade of the
neoplasm.158,159 In children and adoles-
cents, grade 1 and 2 astrocytomas have a
5-year and 10-year survival rate of ap-
proximately 80% and 55%, respectively,152

while patients with grade 3 or 4 lesions
have a median survival of less than 1
year.152,155,160 Alternatively, a Mayo Clinic
report differentiated astrocytomas into pi-
locytic and diffuse fibrillary histologies.159

Of 79 cases, 54% were pilocytic astrocy-
tomas and 32% were diffuse fibrillary as-
trocytomas. (The remainder could not be
classified further.) The 10-year survival
rate for the pilocytic group was 81% and
that for the diffuse fibrillary group was
15%. In the Mayo series,159 the extent of
surgical resection (i.e., biopsy, versus
subtotal resection, versus gross total resec-
tion) did not significantly impact the sur-
vival of patients with pilocytic or nonpilo-
cytic astrocytomas. Furthermore, patients
undergoing postoperative radiotherapy
(RT) had a longer survival than those not
undergoing RT. The increased survival
was more evident in the diffuse fibrillary
histology type than the pilocytic type.

Chemotherapy has been used in se-
lected cases of malignant astrocytoma of
the spinal cord.160 Using postoperative ra-
diotherapy and the "8 drugs in 1 day"
chemotherapy regimen in 13 children
with high-grade gliomas of the spinal
cord, Allen and colleagues 163 reported 5-
year progression-free and total survival
rates of 46 ± 14% and 54 ± 14%, respec-
tively.
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Figure 6-12. A 55-year-old woman with a spinal cord astrocytoma. (A) and (B) Noncontrast sagittal MRI
demonstrates a central nidus with superior and inferior cysts. The markedly hypointense rim was shown patho-
logically to be hemosiderin deposition. (C) Gadolinium-enhanced MR sagittal image 30 minutes after adminis-
tration of contrast material, disclosing peripheral enhancement of the central lesion. (D) One-hour-delayed
gadolinium-enhanced sagittal scan showing enhancement of the central focus. Associated syrinxes are not sur-
rounded by enhancing cord parenchyma, which suggests that they are probably benign reactive cysts (a finding
confirmed at surgery) rather than tumor cysts. The necrotic nature of the tumor was shown pathologically and
was probably responsible for delayed enhancement. (From Sze, G, et al.,92 with permission.)

Intramedullary Metastasis

Intramedullary spinal cord metastases are
rare and present difficult diagnostic and
management problems. Approximately
100 cases had been reported as of a de-

tailed review in 1985.164 In an autopsy
study 21 of 1066 patients with dissemi-
nated cancer, 200 had intraparenchymal
central nervous system metastases. Of this
group, an intramedullary spinal cord me-
tastasis was found in ten. Thus in a de-
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tailed autopsy series, less than 1% of pa-
tients dying of malignancy were found to
have intramedullary spinal cord metasta-
sis. Using the same data, however, it
may be concluded that the spinal cord is
more susceptible to metastasis than is
the brain.165 Although the weight of the
spinal cord is only 2% that of the brain,
the autopsies found that 5% of intra-
parenchymal CNS metastases were to the
spinal cord.166 In another study of pa-
tients with small-cell lung cancer,167 which
has a high incidence of CNS metastases,
49% of patients had CNS metastases but
only 6% had intraspinal involvement.
Among the patients with intraspinal inva-
sion, all had leptomeningeal metastases as
well.

SITE OF PRIMARY TUMORS

Carcinoma of the lung appears to be the
most common primary tumor causing in-
tramedullary spinal cord metastasis. In a
review of 55 cases of spinal cord metasta-
ses in the literature,164 49% were due to
lung cancer; breast cancer accounted for
15%, followed by lymphoma (9%), colorec-
tal (7%), head and neck (6%), renal cell
(6%), and miscellaneous other neoplasms.
In a review of 13 autopsied cases,168 lung
cancer accounted for 85% of cases, fol-
lowed by breast cancer and melanoma,
each responsible for 7.5%.

LOCATION AND PATHOLOGICAL
FINDINGS

The spinal level of intramedullary spinal
cord metastasis is roughly proportional to
the length of spinal cord. Thus among 55
cases,164 the cervical region had 31%; the
thoracic cord, 42%; and the lumber re-
gion, 15%. The cervicothoracic and thora-
columbar areas accounted for the remain-
ing cases.

In a gross pathological study, the spinal
cord at the level of the tumor may or may
not be enlarged.168 Such absence of cord
enlargement accounts for the lack of myel-
ographic abnormalities in many cases.
The metastasis may extend from one to
several segments along the rostro-caudal
axis.

The pathogenesis may be either direct
metastasis to the cord, with occasional ex-
tension into the adjacent dorsal root or
subarachnoid space, or, alternatively, lep-
tomeningeal metastases with secondary
extension into the spinal parenchyma.
One pathological study168 found 9 of 13
cases with direct metastasis to the spinal
cord and 4 cases representing extension
from the subarachnoid space to the spinal
parenchyma.

A pathological study169 concluded that
most intramedullary metastases are the re-
sult of hematogenous dissemination to the
cord directly rather than via transdural or
perineural spread. It could not be deter-
mined whether the hematogenous spread
occurred via venous or arterial routes or
both. In a case report in which an intra-
medullary metastasis was associated with a
spinal infarct170 the authors suggested that
the metastasis arose as a tumor embolus
via the arterial system, which secondarily
caused a spinal infarction.

CLINICAL FEATURES

As with epidural or leptomeningeal metas-
tases from systemic cancer, intramedullary
spinal cord metastases may herald the di-
agnosis of malignancy or develop years af-
ter the original diagnosis. In a review of 55
cases (Table 6-5),164 the most frequent pre-
senting complaints are pain and weakness.
These symptoms usually occurred to-
gether in 33% of patients, but a similar
proportion of patients presented with a
single symptom. As presenting features,
paresthesias and sphincter dysfunction
were observed in 27% and 9%, respectively.

All 55 patients had weakness or paralysis
on initial examination. Weakness was
found in the following patterns: parapare-
sis (23 patients), monoparesis (15 pa-
tients), quadriparesis,9 and hemiparesis.8

An asymmetrical motor examination was
found in 51% of cases. Atrophy was not
common. Sensory deficits were observed in
64%; a sensory level was present in 49%.
Despite a low incidence of bowel and blad-
der symptoms, signs of sphincter distur-
bance were observed in the majority (71%).

The time course between the onset of
symptoms and the development of the full
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Table 6-5. Neurological Symptoms
and Signs at the Time of Initial
Evaluation of 55 Patients with
Intramedullary Spinal Cord
Metastasis*

Pain
Nonradicular
Radicular

Motor Deficit
Paresthesias
Bowel/Bladder Dysfunction

34
16
18
35
15
5

(62)
(29)
(33)
(64)
(27)

(9)

Signs No. of Patients (%)

Motor Deficit
Sensory Level to Pin, etc.
Dermatomal Sensory Loss
Paresthesias
Atrophy of Musculature
Bowel/Bladder Dysfunction
Upgoing Toes
Tenderness Over Spine
Pain on Straight Leg Raising

or Neck Flexion
Horner's Syndrome
Completed Neurological

Deficit
Flaccid paralysis
Spastic paresis/plegia
Brown-Sequard syndrome

55 (100)
27 (49)

(13)
(27)

(5)
(71)
(31)

(7)

7
15
3

39
17
4

6
2

(12)
(4)

25 (45)
5 (9)
6 (11)

*From Grem, JL, et al.,164 p. 2310, with permission.

neurological deficit was less than 1 week in
22%, between 1 week and 1 month in 49%,
and from 5 weeks to 6 months in 24%. In
5%, the neurological syndrome evolved
for more than 6 months.164

LABORATORY AND DIAGNOSTIC
IMAGING STUDIES

The cerebrospinal fluid in patients with
intramedullary spinal cord metastasis is
frequently abnormal, but the abnormali-
ties are usually nonspecific. Protein levels
are often elevated, and there may be pleo-
cytosis. In cases of leptomeningeal metas-
tases with secondary invasion of the spinal
cord, there may be cytological evidence of
malignant cells.

Radiological studies are usually necessary
to confirm the clinical impression. Plain ra-
diographs of the spine show evidence of
vertebral metastases in 25% of cases;164 the
remainder are judged as normal.

Myelography was the most important di-
agnostic technique prior to the advent of
MRI. On myelography, the characteristic
appearance of an intramedullary spinal
cord metastasis is widening of the cord in
two perpendicular views.164 A lobulated
mass or prominent pial vessels may also be
observed on the surface of the cord.165 In
one study,164 48% of myelograms demon-
strated evidence of widening (fusiform
swelling) of the spinal cord on two views. A
partial or complete block, lobular filling de-
fect, or abnormal dilated blood vessels were
also observed. In the remaining 42% of
cases, however, the myelogram was normal.

A CT of the spine following the in-
trathecal administration of contrast may
be very sensitive to recognizing slight en-
largement of the spinal cord. High-resolu-
tion CT of the spinal cord without in-
trathecal contrast may demonstrate the
metastasis as an area of increased density
in the spinal cord.171

The MRI is the diagnostic test of choice
for identifying intramedullary metasta-
ses.92,141,142 Contrast-enhanced studies typ-
ically show a well defined area of intra-
medullary enhancement, and when there
is leptomeningeal disease, there may be
enhancment of the meninges or nerve
roots.28,172

CASE ILLUSTRATION

A 34-year-old woman was referred for increasing
left upper extremity weakness and gait difficulty.
She had a history of metastatic breast cancer to
bone, lungs, liver, and brain. She had received
whole brain irradiation five months earlier for a
cerebellar metastasis. During the two weeks
prior to referral, she noticed progressive left up-
per extremity weakness and occipital headache.

General physical examination demonstrated
an enlarged liver and ascites. On neurological
examination, she had normal higher integra-
tive functions and cranial nerves. There was no
nystagmus. Funduscopic examination was
benign. There was weakness of the left arm

Symptoms No. of Patients (%)
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(4 - /5) and left leg (4/5) but no weakness of the
right side. No sensory deficit was found, and
there was no cerebellar disturbance. Gait was
unsteady, with left lower extremity weakness.
There were increased reflexes on the left and
sustained left ankle clonus. Both toes were
downgoing on plantar stimulation. The differ-
ential diagnosis was considered to be recurrent
brain or cervical spine metastasis (possibly lep-

tomeningeal cancer) or, less likely, radiation-
induced CNS dysfunction.

A CT was performed to exclude recur-
rent cerebral metastases. It demonstrated
no evidence of metastatic disease or hy-
drocephalus. A total spine MRI without
and with gadolinium enhancement dem-
onstrated an enhancing intramedullary
metastasis in the cervical spine (Fig. 6-13)

Figure 6-13. A cervical spine MRI is shown with an enhancing intramedullary metastasis from breast cancer.
(A) Nonenhanced sagittal MRI shows a subtle spinal cord abnormality. (B) Enhancement of an intramedullary
mass is observed following the administration of gadolinium. (C) Axial section showing enhancing metastasis
within the spinal cord.
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but no other evidence of metastases. The
patient showed an excellent neurological
response to corticosteroids and radiation
therapy to the cervical spine.

DIFFERENTIAL DIAGNOSIS

Intramedullary spinal cord metastases
cannot be clinically differentiated from
epidural metastasis on the basis of symp-
toms or signs.165 Pain, motor disturbances,
sensory findings (dissociated or other-
wise), and sphincter disturbances do not
discriminate between these two loca-
tions.165 In such cases, the clinician must
resort to radiological procedures to dis-
criminate between intramedullary and
epidural metastasis. As discussed in Chap-
ter 5, myelography and usually MRI will
confidently demonstrate an epidural me-
tastasis compressing the spinal cord.

When the cancer patient develops symp-
toms and signs of myelopathy and the ra-
diological workup fails to reveal an epidural
metastasis, the physician is confronted
with a difficult diagnostic problem. The di-
agnostic possibilities may include metastatic
disease (e.g., leptomeningeal metastases,
intramedullary spinal cord metastasis);
untoward effects of antineoplastic therapy
(e.g., radiation myelopathy and myelopa-
thy caused by intrathecal chemotherapy);
remote effects of cancer (e.g., paraneo-

plastic necrotizing myelopathy); or causes
unrelated to the cancer or its treatment,
such as multiple sclerosis, subacute com-
bined degeneration, spondylosis, or
trauma. The clinical differentiation of in-
tramedullary spinal cord metastasis from
radiation myelopathy, paraneoplastic
necrotizing myelopathy, and lep-
tomeningeal metastases may present the
clinician with a daunting task (Table 6-6).

The various clinical syndromes of radia-
tion myelopathy are more fully discussed
in Chapter 8. The most common syn-
drome is the early transient disorder con-
sisting of Lhermitte's sign, which occurs
within a few months of radiation therapy
and is associated with a normal neurologi-
cal examination. The second most com-
mon form of radiation myelopathy is the
delayed chronic progressive myelopathy,
which may more commonly be mistaken
for intramedullary spinal cord metastasis.
However, the two usually can be differen-
tiated by their tempo of evolution. The
onset of symptoms of intramedullary
spinal cord metastasis is usually abrupt,
with a rapidly progressive course over
days or weeks; infrequently it may prog-
ress over months or, rarely, years.165 Chronic
progressive radiation myelopathy, how-
ever, generally evolves over several months
or years and may arrest at a stage of in-
complete myelopathy.

Table 6-6. Neurological Features of Differential Value in the Diagnosis of a
Noncompressive Myelopathy in a Patient with Cancer*

*From Winkelman, MD, et al.,185 p. 529, with permission.
+CSF, cerebrospinal fluid; NA, not applicable; +, present; —, absent; and +/—, may be present or absent.

Myelopathy

Intramedullary
spinal cord
metastasis

Leptomeningeal
metastases

Radiation
myelopathy

Necrotizing
myelopathy

Progression of
Spinal Disease

Tempo Ascending
or

Pain Subacute Chronic Descending

+ + +

+ + NA

- - + -

+ +/-

Size of Affected
Spinal Segments as
Seen on Myelogram

Normal

+

+

+

+

Enlarged Small

+

+ +

+

Tumor
Cells in

CSF

+

Intradural Tumors of the Spine

-

-

-

-

-

-

-

-

-

-

-
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The amount of radiation received also is
important in the diagnosis of chronic pro-
gressive radiation myelopathy. Not only
the total dose but also the fractionation
schedule and the length of the spinal cord
irradiated are important parameters.173

Factors such as hyperbaric oxygenation174

and idiosyncratic sensitivity may allow ra-
diation myelopathy to occur at levels oth-
erwise considered safe.173,175 The primary
tumor most frequently associated with ra-
diation myelopathy has been head and
neck cancer (82% of cases according to
one report).176 In this case, the cervical
spinal cord is included in the radiation
port due to its proximity to the primary
tumor. On the other hand, the most com-
mon tumors associated with intramedul-
lary spinal cord metastasis are lung and
breast cancer (68% of cases according to
one report).176 In the irradiation of these
primary malignancies, the spine usually
does not receive radiation at doses suffi-
cient to cause chronic progressive radia-
tion myelopathy.

Occasionally, intramedullary metastasis
may be difficult to differentiate clinically
from leptomeningeal metastases. Al-
though leptomeningeal metastases usually
cause symptoms and signs at multiple lev-
els throughout the neuraxis, the cauda
equina syndrome caused by metastases to
this site alone may be identical to the clini-
cal presentation of an intramedullary me-
tastasis to the conus medullaris. As dis-
cussed in Chapter 2, it is not possible on
clinical grounds alone to discriminate be-
tween the conus medullaris and cauda
equina syndromes.130,177

In cases of leptomeningeal metastases,
the CSF cytology and myelography, which
may show thickening or nodularity of nerve
roots and normal-size spinal cord, are help-
ful.178,179 Furthermore, head CT scanning
may show evidence of leptomeningeal seed-
ing or communicating hydrocephalus.180

Although plain MRI has had limitations in
the evaluation of leptomeningeal spread
from tumor,181 contrast-enhanced MRI
may be more sensitive.29,92 It should be
stressed that some patients develop in-
tramedullary tumors secondary to lep-
tomeningeal spread, so the two may coex-
ist.168 Finally, clinical follow-up of the

patient should differentiate between the
two because their clinical courses are dif-
ferent.

Necrotizing myelopathy, discussed in
Chapter 8, is a very rare remote effect of
cancer that is in the differential diagnosis
of myelopathy in the cancer patient with
negative radiological studies; it thus must
be differentiated from intramedullary
spinal cord metastasis.182 Patients with
necrotizing carcinomatous myelopathy do
not complain of local or radicular
pain.34,183 Instead, they usually complain
of vague, intermittent paresthesias in the
lower extremities for weeks or months be-
fore an ascending transverse myelopathy
develops. Necrotizing myelopathy usually
begins in the thoracic spinal cord and then
ascends and descends through the cord.
Thus patients initially may have spastic
paraplegia, followed by flaccid, areflexic
paraplegia.176 Radiological and CSF stud-
ies are nondiagnostic. As in cases of intra-
medullary metastasis, the course may be
subacute. Because intramedullary metas-
tases usually develop in the setting of
widespread visceral and cerebral metasta-
ses, the law of parsimony would favor a
diagnosis of intramedullary metastasis
rather than a remote effect of cancer in
such cases. Alternatively, visceral metasta-
ses occasionally may be found in patients
with necrotizing carcinomatous myelopathy.

THERAPY

The management of intramedullary spinal
metastasis is based on anecdotal reports
because there are no large prospective se-
ries. Because many cases occur in the set-
ting of widely disseminated disease, surgi-
cal therapy is infrequently undertaken.
Furthermore, intramedullary metastases
are often multiple or associated with in-
tracerebral and/or leptomeningeal metas-
tases; treatment therefore should consider
the extent of CNS dissemination. Radia-
tion therapy has been the primary treat-
ment in most cases. The extent of the radi-
ation port is determined by imaging
studies, clinical involvement, and consid-
eration of bone marrow tolerance. (Irradi-
ation of the vertebral column may cause
significant bone marrow suppression.)176

Diseases of the Spine and Spinal Cord
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When leptomeningeal metastases are
present, intrathecal chemotherapy may be
used in addition to radiotherapy. The
prognosis for patients with intramedullary
spinal cord metastasis is poor; over 80%
died within three months in one recent se-
ries.164 Therefore, surgery (usually laminec-
tomy) for intramedullary spinal metasta-
ses is usually relegated to diagnostic
biopsy or resection in cases where life ex-
pectancy is greater than three months and
ambulation is threatened.

SUMMARY

Tumors involving the spine may be classi-
fied according to either the epidural or in-
tradural location. Intradural tumors may
be further classified as intradural-extra-
medullary or intramedullary. Chapter 5
reviewed epidural tumors, and this chap-
ter reviews intradural tumors, both in-
tradural-extramedullary and intramedul-
lary.

Intradural-extramedullary tumors in-
clude primary neoplasms such as menin-
gioma and nerve sheath tumors (schwan-
noma and neurofibroma) as well as
leptomeningeal metastases from systemic
malignancies elsewhere. (Leptomeningeal
metastases are discussed separately in
Chapter 7 because they tend to have dif-
ferent diagnostic and therapeutic implica-
tions.) Intramedullary tumors may be pri-
mary neoplasms such as astrocytoma,
ependymoma, and hemangioblastoma. Al-
ternatively or they may metastasize from
cancer elsewhere in the body.

Since meningiomas and nerve sheath
tumors are histologically benign, patients
may be restored to normal neurologic
function and be cured if the diagnosis and
treatment are undertaken before perma-
nent neurologic sequelae develop. Intra-
medullary tumors such as ependymoma
and astrocytoma present more difficult
management problems. There have been
reports of "cure" following gross total re-
section of ependymomas when there is a
clear plane between the tumor and the
spinal cord parenchyma. Astrocytomas are
more inclined to be invasive and, accord-
ingly, management more often includes

radiation therapy or chemotherapy. Less
common tumors such as epidermoid cysts,
teratomas, and lipomas are also briefly
discussed,

Vascular malformations of the spine are
presented in this chapter because al-
though they may not be true neoplasms
they may be difficult to differentiate from
hemangioblastomas and other primary
spinal neoplasms. With the recent devel-
opment of MRI and spinal angiography,
these lesions are more frequently recog-
nized and present challenging diag-
nostic and management problems. These
lesions are presented according to their
current classification, which has been
evolving. As these lesions are more fre-
quently recognized, our understanding of
their pathogenesis and management will
increase.
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THERAPY

Metastases to the leptomeninges from
systemic malignancies or primary central
nervous system neoplasms are a frequent
cause of symptoms and signs of spinal
cord and cauda equina dysfunction. Thus
leptomeningeal cancer must be consid-
ered in the differential diagnosis of pa-
tients with these complaints and findings.
This is especially true among patients with
known malignancy. Approximately 5% to
8% of patients dying of solid tumors de-
velop leptomeningeal metastases.1,2

CLINICAL ANATOMY

The spinal cord and spinal roots are sur-
rounded by three meninges: the dura

mater, arachnoid, and pia mater. The
arachnoid and pia mater are collectively
called the leptomeninges (Fig. 7-1).

The outermost covering, the dura mater,
consists of a tough fibrous tissue that
forms a barrier to prevent the invasion of
neoplastic cells into the central nervous
system. Despite the frequency of verte-
bral metastases with epidural extension,
epidural neoplasms rarely breach the
dura mater and enter the CNS. In patients
with epidural tumors, the region of the
nervous system jeopardized is only that
which is adjacent to or underlying the tu-
mor and therefore subject to compression.

The leptomeninges are composed of
trabeculated arachnoid and pia mater.
While the outer arachnoid membrane is
apposed to the dura mater, the pia mater
closely follows the contours of the cerebral
cortex and spinal cord.3 Within the brain
and spinal cord, the pia mater merges
with glial elements to form the pia-glial
membrane.

The subarachnoid space is located be-
tween the outer arachnoid and the pia
mater. In addition to containing cere-
brospinal fluid (CSF), the subarachnoid
space also houses nerve roots, blood ves-
sels, and connective tissue. As blood ves-
sels penetrate the spinal cord, they are en-
sheathed by arachnoid and pia-glial
tissues. The Virchow-Robin space, which
is perivascular in nature, is formed be-
tween the blood vessel and this adventitial
sheath. This space is clinically significant
because it is continuous with the subarach-
noid space and therefore allows invasion
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Figure 7—1. The anatomical relationship between the meninges and the brain parenchyma. (From Carpenter,
MB,3 with permission.)

of neoplastic cells deep into the substance
of the spinal cord and brain.

Spinal roots are surrounded by sheaths
of arachnoid and by extensions of the sub-
arachnoid space that extend as far later-
ally as their exit from the vertebral canal.
This has clinical importance because lep-
tomeningeal invasion can extend out in a
sheath-like fashion.

Within the subarachnoid space, CSF
flows freely from the ventricular system
through the spinal axis to the region over
the convexities of the cerebral hemi-
spheres, where it is reabsorbed by the
arachnoid villi of the dural sinuses. This
unobstructed flow provides a pathway
for neoplastic cells that have seeded any
region of the subarachnoid space to
spread throughout the neuraxis. With this
spread, disturbances of cerebral, cranial
nerve, and/or spinal functions are often
encountered. Thus the clinical hallmark
of leptomeningeal metastases is multifocal
neurological abnormalities at different
levels of the neuraxis.

PATHOGENESIS

The basic concepts underlying the metasta-
tic process are discussed in Chapter 5. How-
ever, the specific mechanisms whereby ma-
lignant cells spread to the leptomeninges
are important to review here. Understand-
ing them will aid the physician in diagnos-
ing and managing of these patients.

Several mechanisms have been pro-
posed to explain metastasis to the lep-
tomeninges. The most frequent hypothe-
ses suggest that metastases extend to the
leptomeninges from a parameningeal site
or via hematogenous routes. According to
the first hypothesis, neoplastic cells would
invade the leptomeninges from para-
meningeal foci such as brain or spinal
cord parenchyma, the epidural space,
choroid plexus, or bone marrow. In sup-
port of this explanation, it has been
found that intraparenchymal CNS tumors
such as malignant gliomas, ependymomas,
medulloblastomas, and cerebral metasta-
ses may seed the leptomeninges.4-7 Lep-
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tomeningeal invasion also has been shown
to occur via nerve roots from paraverte-
bral locations and along vascular channels
from bone marrow involvement.8,9 In lym-
phoma patients with bone marrow in-
volvement, epidemiological studies have
demonstrated an increased risk of lep-
tomeningeal metastases.9-11 Metastatic in-
volvement of the choroid plexus provides
additional access to the leptomeninges.12

Despite these reports, many patients
with leptomeningeal metastases do not
have a parameningeal tumor. In such
cases, hematogenous dissemination is the
most probable explanation.13 There is
strong experimental and clinicopathologi-
cal support for this idea. In an experimen-
tal animal model, transvascular migration
of leukemia cells has been shown to occur
in the arachnoidal veins of guinea pigs.14

One clinicopathological report provides a
detailed histopathological study of the
CNS of 126 children dying from leuke-
mia.15 Among the 70 cases with evidence
of arachnoidal leukemia, the follow-
ing pathogenesis was demonstrated: The
arachnoidal veins bridging the subarach-
noid space were the initial site of invasion
by the leukemic cells. As the malignant
cells invaded the supporting adventitia of
the vessels, they extended into the CSF
pathways of the subarachnoid space. Once
in the CSF, the leukemic cells could follow
the CSF pathways throughout the length
of the neuraxis. Later, they were found to
have invaded deep within the white and
gray matter of the brain and spinal cord
via the perivascular spaces. In the most
advanced cases, the parenchyma of the
brain and spinal cord was invaded, as also
the pia-glial membrane was further dis-
rupted by the invading leukemic cells.

Aside from providing a route for CNS
dissemination, the fact that malignant cells
invade blood vessels is significant in the
pathogenesis of neurological symptoms
and signs. Histopathological evidence of
infarction and hemorrhage, considered
secondary to blood vessel invasion by
leukemic cells, has been reported.15 A
more recent report has shown that re-
gional cerebral blood flow was diminished
in nearly 90% of patients with lep-
tomeningeal metastases.16 Although the

cause of reduced cerebral blood flow may
be multifactorial, compression of blood
vessels is one probable determinant.

PATHOLOGICAL FINDINGS

The pathological findings of lep-
tomeningeal metastases include diffuse
and widespread multifocal infiltration of
the leptomeninges. These findings are
similar for cases caused by solid tumors,17

leukemia,15 and lymphoma.8 We have de-
tailed histopathological findings on the
extent of nervous system involvement in
cases of leptomeningeal invasion by lym-
phoma and solid tumors;17 among 19
cases undergoing postmortem study, 15
demonstrated evidence of diffuse neoplas-
tic involvement of the intracranial (supra-
tentorial and infratentorial) and spinal
leptomeninges. Intraparenchymal brain
metastases were present in nearly half.
Spinal leptomeninges alone were involved
in two cases, a phenomenon that has been
described by others.18 In two other cases,
only the basilar and spinal leptomeninges
were involved.

Gross examination of the brain, spinal
cord, and roots often shows tumor nod-
ules studding these structures and the
overlying leptomeninges (Fig. 7-2). Myel-
ography and MRI with contrast can be
helpful in identifying these nodules in the
cauda equina. In occasional cases, how-
ever, the leptomeninges may not reveal
thickening on gross examination.17

Communicating hydrocephalus fre-
quently has been found pathologically and
clinically in patients with leptomeningeal
metastases.17 It is explained by the
predilection of such metastases for the
basilar meninges. The association between
hydrocephalus and leptomeningeal me-
tastases has been found for all types of
cancer, but its pathogenesis was studied
most closely in a detailed report of pa-
tients (primarily children) with leukemia.
Moore and colleagues19 found that 75% of
patients dying with leptomeningeal leuke-
mia had communicating hydrocephalus at
autopsy. The communicating hydro-
cephalus could not be explained by inva-
sion of the pacchionian granulations in
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Figure 7-2. Leptomeningeal metastases due to mela-
noma. The pigmentation of the tumor identifies the
regions where tumor is most heavily concentrated.
(A) Lateral view of the cerebral hemispheres showing
tumor concentrated in the sylvian fissure and sulci.
(B) Coronal section through the anterior portion of
the sylvian fissure demonstrates extension of lep-
tomeningeal tumor into the brain parenchyma of
both temporal cortices. The lateral ventricles are di-
lated secondary to communicating hydrocephalus.
(C) The base of the brain is shown, with tumor in-
volving several cranial nerves. (D) Transverse section
through the midbrain showing tumor on the surface
of the cord and tumor nodules along nerve roots. (F)
Microscopic section from a different patient with
melanoma demonstrating tumor extending into the
perivascular space deep within the basal ganglia.
(From Olson, ME, et al.,17 with permission.)

the dural sinuses or the choroid plexus.
Rather, it most closely correlated with the
degree of arachnoidal and perivascular in-
vasion of the basilar meninges, where neo-
plastic infiltration may have obstructed
CSF flow.

Clinically, communicating hydrocephalus
may cause gait difficulties and sphinc-
ter disturbances that must be differenti-
ated from spinal cord and cauda equina
dysfunction. Leptomeningeal metastases
histopatholically consist of sheets of tumor
cells that are surrounded by fibrosis and a
small amount of inflammation.17 Tumor
cells tend to congregate around spinal
nerve roots. Although the cerebral con-
vexities generally show less tumor involve-
ment, typically the basilar meninges are
heavily involved, as are the spinal cord
and its nerve roots.

A histopathological study of lep-
tomeningeal invasion by solid tumors17

demonstrated that tumor cells invade the
brain and spinal cord parenchyma along
the perivascular spaces, as in the case of
leukemia.15 Invasion of the spinal cord pa-
renchyma secondary to cancer in the lep-
tomeninges was found in four of 40 cases
of leptomeningeal metastases.20 Intra-
parenchymal spinal cord extension oc-
curred either secondary to invasion of
the pia mater or as a result of invasion
along the perivascular spaces. Further-
more, along the spinal axis and basilar cis-
terns, tumor cells were again found to en-
case and invade spinal roots and cranial
nerve structures. Thus the histopathologi-
cal findings in cases of leptomeningeal in-
vasion from solid tumors and lymphoma
are similar to those previously described
in leptomeningeal leukemia.15,19

PREVALENCE

In patients with systemic cancer, the over-
all prevalence of leptomeningeal metasta-
ses is approximately 5% to 8%.2 The most
common neoplasms that metastasize to
the leptomeninges are breast and lung
cancers, melanoma, non-Hodgkin's lym-
phoma, and leukemia.2,9,13,17,19,21 How-
ever, the prevalence of leptomeningeal
metastases from individual neoplasms is
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difficult to ascertain because the evolution
of therapy for primary tumors has been
associated with a change in the frequency
of metastases to the CNS.22 For example,
because the CNS is a pharmacologi-
cal sanctuary site,13,23-26 the frequency of
leptomeningeal leukemia dramatically in-
creased as effective systemic treatments
were developed for acute lymphoblastic
leukemia.21 Subsequently, with the advent
of CNS prophylaxis for leptomeningeal
leukemia, the frequency of this complica-
tion declined dramatically.23,27

Although these evolving patterns must
be considered, some specific estimates of
the risk for developing leptomeningeal
metastases have emerged. Recent studies
of patients with small-cell lung cancer
have shown the risk to be approximately
9% to 18%.25,28,29 Among patients receiv-
ing chemotherapy for breast cancer, ap-
proximately 5% develop leptomeningeal
metastases.26 In cases of non-Hodgkin's
lymphoma, the frequency of lep-
tomeningeal metastases is quite variable; it
has been reported to range from 5% to
29%10,11,23,30-33 Several other risk factors
for involvement of the leptomeninges
have been identified, including bone mar-
row and testicular involvement, extra-
nodal disease, epidural invasion, diffuse
histology, lymphoblastic lymphoma, and
Burkitt's lymphoma.9-11,32,34

The interval of time between the diag-
nosis of malignancy and the development
of leptomeningeal metastases also is quite
variable. Although leptomeningeal metas-
tases usually occur in conjunction with
widespread systemic disease (as suggested
by the risk factors identified above for
non-Hodgkin's lymphoma), they may also
be present at the time of diagnosis of the
primary tumor or even herald the pres-
ence of malignancy.9,13,25,35 Furthermore,
because the CNS is a pharmacological
sanctuary site, the leptomeninges may be
the first site of recurrence in the absence
of other metastases or may be affected
while disease elsewhere is responding to
chemotherapy.9,25,29,35,36

Leptomeningeal metastases may occur
with or without coexisting intraparenchy-
mal brain metastases or epidural spinal
cord compression. The coexistence of

these other metastases may make the clini-
cal evaluation of these patients even more
perplexing. For example, among a series
of 90 patients with leptomeningeal metas-
tases from solid tumors or lymphoma at
Memorial Sloan-Kettering Cancer Center
(MSKCC), one-third had coexisting intra-
parenchymal brain metastases or epidural
spinal cord compression;13 one patient
had all three conditions. The presence of
intraparenchymal brain metastases may
help support the clinical impression of
leptomeningeal metastases, or even an in-
tramedullary spinal metastasis, if cytologi-
cal and radiological confirmation is not
forthcoming.37,38

CLINICAL MANIFESTATIONS

Spinal symptoms and/or signs are present
on initial examination in approximately
70% of patients with leptomeningeal me-
tastases.39 The clinical hallmark of lep-
tomeningeal metastases is multifocal in-
volvement of the neuraxis at multiple
levels. Since conventional neurological
teaching emphasizes the identification of a
single anatomical lesion to explain the pa-
tient's entire neurological deficit, this may
be a diagnostically challenging problem.
For example, a patient with known malig-
nancy may present with chief complaints
of back pain, gait difficulty, and burn-
ing dysesthesias of the lower extremities.
Physical examination may reveal cognitive
disturbances, facial asymmetry, asymmet-
ric corneal responses, unilateral loss of bi-
ceps and knee reflexes, lax anal sphinc-
ter, apractic gait, and Babinski signs. In
such a patient, although the history sug-
gests spinal cord and/or cauda equina dys-
function alone, the physical examination
may demonstrate evidence of dysfunction
of the nervous system at multiple levels.
Multiple levels of neurological distur-
bance, in which more abnormal neurolog-
ical signs than symptoms are found, are
characteristic of leptomeningeal metas-
tases.13

The symptoms and signs of patients
with suspected leptomeningeal metastases
may be classified by abnormalities of spinal
and radicular function, disturbances of

Leptomeningeal Metastases



250

cerebral function, or cranial nerve dys-
function.

Spinal/Radicular Symptoms
and Signs

According to one detailed series from
MSKCC, spinal and radicular symptoms
and signs were present in 74 of 90 patients
(82%) with leptomeningeal cancer (Table
7-1 ).13 Lower extremity weakness was the
most common symptom reported by pa-
tients. This weakness was of a lower motor
neuron type and therefore was associated
with depressed reflexes. The most com-
mon sign on physical examination (71%)
was reflex asymmetry.

Pain is a common presenting manifesta-
tion, reported in approximately one-
fourth of patients. The pain may be sec-
ondary to meningeal irritation or be due
to spinal/radicular compression. When the
pain is radicular, it may mimic that of
epidural metastasis or degenerative disc
disease. As with other forms of neuro-

Table 7-1. Leptomeningeal
Metastases from Solid Tumors in 90
Patients: Spinal and Radicular
Symptoms and Signs*

Symptoms

Lower motor neuron weakness
Paresthesias
Radicular pain
Back/neck pain
Bowel/bladder dysfunction

Signs

Reflex asymmetry
Weakness
Sensory loss
Straight-leg raising
Decreased rectal tone
Nuchal rigidity

Number of
Patients (%)

34 (38)
31 (34)
19 (21)
23 (25)
12 (13)

Number of
Patients (%)

64 (71)
54 (60)
24 (27)
11 (12)
10 (11)
7 (8)

*From Wasserstrom, WR, et al.,13 p. 761, with per-
mission.

pathic pain, it may be burning in charac-
ter, or patients may describe the sensation
as feeling as though the extremity(ies)
were being wrapped.

Among all of the spinal roots, those of
the cauda equina have the longest course
in the subarachnoid space and are, there-
fore, most commonly affected. In the same
series,13 one-third of patients had signs of
cauda equina dysfunction on initial exami-
nation; it was the presenting complaint in
approximately 20% of patients. The symp-
toms and signs of cauda equina dysfunc-
tion usually include a combination of
sphincter disturbance, lower extremity
weakness of a lower motor neuron type
(i.e., areflexic, hypotonic weakness), sen-
sory loss in the lower extremities and in
the sacral dermatomes over the buttocks,
and pain in the back and lower extremi-
ties. Reflex abnormalities, weakness, and
sensory loss are often asymmetric early in
the course of the disease. It should be re-
called that in a patient with cauda equina
involvement, one would expect to find
lower extremity weakness with depressed
reflexes rather than hyperreflexia, which
is typical of weakness due to upper motor
neuron dysfunction. Alternatively, lower
extremity weakness associated with asym-
metric hyporeflexia may also be due to fo-
cal radiculopathies, lumbosacral plexus
disease, or peripheral nerve disease. Fur-
thermore, hyporeflexia in the cancer
patient may be secondary to some
chemotherapeutics such as vinca alkaloids.
The peripheral neuropathy caused by
these drugs, however, is usually symmetric
rather than markedly asymmetric. Pares-
thesias, which are also frequent radicular
complaints, may be vague and unfamil-
iar to the patient and thus be dismissed
by the patient or the physician. Finally,
rectal tone is frequently diminished when
the cauda equina is invaded by lep-
tomeningeal metastases.

Cerebral Symptoms and Signs

Cerebral symptoms and signs were found
in 45 of 90 patients (50%) in the MSKCC
study (Table 7-2).13 Although they are not
as common as spinal and root distur-

Diseases of the Spine and Spinal Cord



251

Table 7-2. Leptomeningeal
Metastases from Solid Tumors in
90 Patients: Cerebral Symptoms
and Signs*

Number of
Symptoms

Headache
Mental change
Difficulty walking
Nausea/vomiting
Unconsciousness
Dysphasia
Dizziness

Patients (%)

30
15
12
10
2
2
2

(33)
(17)
(13)

(11)
(2)
(2)
(2)

Number of
Signs

Mental change
Seizures

Generalized
Focal

Papilledema
Diabetes insipidus
Hemiparesis

Patients (%)

28
5
3
2
5
2
1

(31)
(6)
(3)
(2)
(6)
(2)
(1)

*From Wasserstrom, WR, et al.,13 p. 760, with per-
mission.

bances, their recognition should suggest
the possibility of leptomeningeal metasta-
ses rather than epidural spinal cord com-
pression solely.

Headache, which may be secondary to
raised intracranial pressure or irritation of
innervated structures, is the most common
cerebral complaint. Mental status change
and gait difficulties also were very common.
The latter is of interest since a spinal disor-
der must also be considered when patients
offer this complaint. The most common
cerebral abnormality found on neurologi-
cal examination was mental status change
(lethargy, memory loss, and confusion). In
addition to these bicerebral disturbances,
focal cerebral dysfunction was found in the
form of dysphasia, seizures, hemiparesis,
hemisensory disturbances, visual loss, and
diabetes insipidus. Other reports of such
cases have found similar examples of cere-
bral disturbances.9,25,26,40 Finally, convulsive
and nonconvulsive seizures may also be
manifestations of cerebral involvement.41

Cranial Nerve Symptoms
and Signs

Cranial nerve symptoms and signs were
present in 50 of 90 patients (56%) with
leptomeningeal metastases in the MSKCC
series (Table 7-3).13 While 38% of patients
had cranial nerve symptoms as the pre-
senting complaint, 56% had cranial nerve
abnormalities at the time of diagnosis.
Diplopia was overwhelmingly the most
common of these symptoms; similarly,
diplopia and dysconjugate gaze were the
most common cranial nerve abnormalities
among a group of patients with lep-
tomeningeal lymphoma reported from
Stanford.9 Hearing loss and facial weak-
ness are other common cranial neu-
ropathies encountered.

Table 7-3. Leptomeningeal
Metastases from Solid Tumors in 90
Patients: Cranial Nerve Symptoms
and Signs*

Symptoms

Diplopia
Hearing loss
Visual loss
Facial numbness
Decreased taste
Tinnitus
Hoarseness
Dysphagia
Vertigo

Signs

Ocular muscle paresis
(III, IV, VI)

Facial weakness (VII)
Diminished hearing (VIII)
Optic neuropathy (II)
Trigeminal neuropathy (V)
Hypoglossal neuropathy (XII)
Blindness
Diminished gag (IX, X)

Number of
Patients (%)

18 (20)
7 (8)
5 (6)
5 (6)
3 (3)
2 (2)
2 (2)
1 (1)
1 (1)

Number of
Patients (%)

18 (20)

15 (17)
9 (10)
5 (6)
5 (6)
5 (6)
3 (3)
3 (3)

*From Wasserstrom, WR, et al.,13 p. 761, with per-
mission.
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Comparison of the data presented in Ta-
bles 7-1 through 7-3 demonstrates that
spinal/radicular symptoms and signs (pres-
ent in 80%) are the most frequent initial
complaints and findings on neurologi-
cal examination of patients with lep-
tomeningeal metastases.13 Lower extremity
weakness, the most common of these, is
among the most vexing to evaluate be-
cause it may be due to cerebral dysfunc-
tion, spinal cord disease, cauda equina or
lumbosacral plexus dysfunction, periph-
eral neuropathy, or nonneurological sys-
temic causes. In evaluating gait difficulties
in the oncology patient, one must espe-
cially consider the following etiologies: in-
traparenchymal brain metastases, epidural
spinal cord compression, leptomeningeal
metastases, peripheral neuropathy sec-
ondary to chemotherapy, cachexia, large
tumor burden, and toxic-metabolic dis-
turbances. More than one of these condi-
tions may also coexist. Many cancer pa-
tients will have had multiple forms of
chemotherapy and be suffering from ad-
vanced cancer. In this clinical setting, the
history and physical examination may be
helpful, but laboratory and diagnostic
imaging studies usually are needed to con-
firm the clinical impression and exclude
unexpected causes. To evaluate the spinal
axis and exclude epidural spinal cord
compression, which constitutes a medical
emergency, MRI is most commonly used
(see Chapter 5).34,42-44

high opening pressure, elevated protein
or white cell count, decreased CSF, glu-
cose, or abnormal cytology. Although a
CSF cytology that is positive for malignant
cells is specific for leptomeningeal metas-
tases, the other abnormalities are nonspe-
cific. The CSF findings in two series of pa-
tients with leptomeningeal invasion from
solid tumors and from lymphoma are
shown in Tables 7-4 and 7-5.

In a study of 90 patients with lep-
tomeningeal metastases from solid tumors
(Table 7-4),13 all but 3% showed at least
one abnormality on initial routine CSF
analysis. On repeated lumbar punctures,
only one patient (1%) had persistently
normal CSF analyses for all routine para-
meters. As in the case of lymphoma,33

however, false-negative CSF cytologies are
commonly encountered. The initial CSF
yielded a positive cytology in only 54% of
cases. When multiple CSF analyses were
performed, a positive cytology for malig-
nant cells was found in nearly 90%
of cases; still, the diagnosis of lep-
tomeningeal metastases from solid tumors
could not be confirmed by CSF cytology in
approximately 10% of patients. There
were four cases in which the CSF cytology
from the lumbar space was consistently
negative, but the ventricular fluid (two
cases) or the cisternal fluid (two cases)
yielded malignant cells. Others have re-
ported variations in the yield of CSF cytol-
ogy and other routine parameters if CSF

LABORATORY AND
DIAGNOSTIC IMAGING
STUDIES

Cerebrospinal Fluid

Examination of the cerebrospinal fluid
(CSF) is the single most useful laboratory
test for the diagnosis of leptomeningeal
metastases.13,33,45 A lumbar puncture is
routinely performed if there is no con-
traindication such as impending hernia-
tion from an intracranial mass or bleeding
diathesis. The initial lumbar puncture
CSF analysis usually reveals some abnor-
malities, possibly including an abnormally

Table 7-4. Leptomeningeal
Metastases From Solid Tumors in 90
Patients: CSF Findings*

Total on All
Initial Punctures

Parameter No. (%) No. (%)

Pressure > 160 mm CSF
Cells > 5/mm3

Protein > 50 mg/dl
Glucose < 40 mg/dl
Positive cytology
Normal

45
51
73
28
49

3

(50)
(57)
(81)
(31)
(54)

(3)

64
65
80
37
82

1

(71)
(70)
(89)
(41)
(91)

(1)

*From Wasserstrom, WR, et al.,13 p. 762, with per-
mission.
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Table 7-5. CSF Findings in 33 Patients with Leptomeningeal
Lymphoma*

Positive Findings

Pressure > 150 mm H2O
White blood cells > 4/mm3

Positive cytology
Protein > 50 mg/100 ml
Glucose < 50 mg/100 ml
No abnormalities

On First Lumbar
Puncture No. (%)

17
22
18
23
11

1

(52)
(67)
(54)
(70)
(33)

(3)

Total on All
Punctures No. (%)

22
24
22
29
19
0

(66)
(73)
(67)
(88)
(58)

(0)

*From Young, RC, et al.,33 p. 437, with permission.

is sampled at different levels of the neu-
raxis.46

In patients with leptomeningeal lym-
phoma (Table 7-5),33 initial lumbar punc-
ture was completely normal with regard to
all routine parameters in only 3% of 33
patients. Although 97% of the patients
showed some abnormality, the CSF cytol-
ogy was diagnostic of lymphoma in only
54% of cases on initial lumbar puncture.
Following repeated lumbar punctures,
only 67% had a CSF cytology diagnostic of
lymphoma; one-third of patients had per-
sistently negative CSF cytology. Others
also have found a high incidence of persis-
tently false-negative CSF cytology in these
patients despite involvement of the CNS
from systemic lymphoma.9

The difficulties with regard to CSF cyto-
logical diagnosis of leptomeningeal leuke-
mia are similar to those of lymphoma and
other lymphoproliferative diseases; it is
often difficult for the pathologist to dis-
tinguish reactive cells from leukemic
cells.15,47,48 Thus the brain, spinal cord,
and nerve roots may be invaded by leuke-
mic cells despite a negative CSF cytology
in such cases.

The problem of false-negative CSF cy-
tologies in patients with leptomeningeal
metastases has been recognized since
1904.49 Also, although most patients with
malignant primary or metastatic intra-
parenchymal brain tumors have negative
cytologies, occasionally the CSF of such
patients reveals a positive cytology. Thus
the clinical and pathological significance
of a positive or negative CSF cytology un-

der various circumstances needs to be de-
fined.

Glass and colleagues5 correlated CSF cy-
tological examination during life with
neuropathological findings at autopsy in
an effort to determine the pathological
significance and, therefore, the clinical im-
plications of a positive CSF cytology.
Among 66 cases at autopsy in whom only
parenchymal or dural neoplasms were
found, without pathological evidence of
leptomeningeal involvement, a positive
CSF cytology occurred in only one case.
In this patient, the cytology reverted to
negative while under treatment, suggest-
ing that leptomeningeal disease may have
been successfully eliminated prior to
death. These findings suggest that a pa-
renchymal primary or metastatic brain tu-
mor will not yield a positive CSF cytology
unless the leptomeninges have been
seeded.

Another study,50 however, reported that
parenchymal tumors could cause a posi-
tive CSF cytology without leptomeningeal
seeding. This study5 also examined the
rate of false-negative CSF cytologies in
cases of leptomeningeal metastases. Of 51
patients with pathologically proven lep-
tomeningeal involvement, the CSF cytol-
ogy was positive in 59% during life.5 Fur-
thermore, the sensitivity of positive CSF
cytology correlated with the extent of
leptomeningeal invasion. For example,
among patients found to have only focal
leptomeningeal invasion, CSF cytologies
were positive in only 38% of cases, but
they were positive in 66% of those with dif-
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fuse leptomeningeal metastases. Of the 30
patients who had a positive CSF cytology,
25 (83%) had diffuse leptomeningeal me-
tastases at autopsy. These results suggest,
therefore, that when a CSF cytological ex-
amination is found to have malignant
cells, it can be inferred that the patient has
a high probability of diffuse and multifocal
leptomeningeal metastases.

In addition, Glass and colleagues5 found
a false-negative cytology in 21 (41%) of 51
patients with documented leptomeningeal
disease at autopsy; among them were 13
cases with disseminated leptomeningeal
spread. They concluded that a negative
CSF cytology does not exclude the pres-
ence of diffuse leptomeningeal spread, a
finding which has been corroborated by
several other clinical studies.9,13,17,33,45,47

On the issue of false-positive cytology,
the same researchers5 found two cases.
Both patients had lymphoma and infec-
tion at the time of lumbar puncture; case
one had sepsis and case two had herpes
zoster. The reason for the false-positive cy-
tologies was unknown, but it has been re-
ported by other authors in the setting of
lymphoma and CNS infections.51-53

The question is often asked, "How many
lumbar punctures should be performed
when evaluating the patient suspected of
having leptomeningeal metastases if the
initial CSF cytology is negative?" As noted
above, in the setting of solid tumors, of 90
patients with proven leptomeningeal can-
cer, the initial lumbar puncture yielded a
positive cytology in 49 (54%); an addi-
tional 27 (30%) positive cytologies were
found on the second lumbar puncture,
and subsequent lumbar punctures yielded
a positive cytology in two additional cases.
The rate of persistently false-negative CSF
cytologies was near 10%.13 In the case
of lymphoma, the rate of false-negative
cytology may be somewhat higher.9,33

Therefore, when the diagnosis of lep-
tomeningeal metastases is suspected, if the
initial lumbar puncture is negative for ma-
lignant cells, it is generally recommended
(if not contraindicated) that patients un-
dergo a minimum of three lumbar punc-
tures, if necessary, and that these samples
for cytologic analysis be at least 5 to 10 cc
each.9,27

The frequent finding of a false-negative
CSF cytology for malignant cells in the set-
ting of leptomeningeal lymphoma or leu-
kemia is a significant clinical problem.
Monoclonal antibodies may be helpful in
differentiating normal from malignant
cells in the cerebrospinal fluid,54,55 identi-
fying inflammatory mononuclear cells as
T cells.48 Thus B-cell lymphoproliferative
neoplasms involving the leptomeninges
may be differentiated from reactive pleo-
cytosis.47 This technique may improve the
ability to confirm leptomeningeal invasion
in cases of lymphoproliferative disease.
Flow cytometry is another method used
to examine CSF for malignant cells.56,57

Aneuploid and hyperdiploid cells may be
found in some cases of leptomeningeal
metastases.

Biochemical Markers

There are several biochemical substances
produced by neoplasms that could poten-
tially be useful in early detection of malig-
nancy.58-61 In the serum, perhaps the
most commonly assayed substance is carci-
noembryonic antigen (CEA), which has
emerged as a useful marker to screen pa-
tients for recurrence of a variety of differ-
ent neoplasms.62 Several studies have at-
tempted to determine if measuring CEA
and other biochemical markers in the CSF
is useful in evaluating and managing pa-
tients with suspected leptomeningeal inva-
sion.61,63-68

Carcinoembryonic antigen is a glyco-
protein produced by both normal and ma-
lignant cells.62 Originally thought to be a
specific marker for gastrointestinal malig-
nancies,69 it has more recently been recog-
nized to be elevated in a variety of malig-
nant and nonmalignant conditions.62 It is
usually detectable in the serum of normal
individuals at low concentrations. In the
CSF of normal individuals, it is either un-
detectable or found in only trace concen-
trations.66,70,71 Despite earlier reports to
the contrary,72,73 CEA has been found in
the CSF of patients with serum CEA con-
centrations greater than 100 ng/ml; there-
fore, simultaneous measurement of plasma
and cerebrospinal fluid CEA is recom-
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mended. At plasma levels greater than 100
ng/ml, CEA has been found to enter the
CNS through an intact blood-brain bar-
rier in the absence of CNS disease.66 Other
biochemical markers which, when found
in the CSF strongly suggest leptomeningeal
malignancy, include alpha fetoprotein
(AFP), beta-HCG, and melanin (in cases of
melanoma), except in cases where there is
a very high serum concentration of the
marker.39

Several nonspecific markers have been
reported to be elevated in cases of lep-
tomeningeal malignancy. Among others,
these include beta-glucuronidase,67 myelin
basic protein,74 isozyme V of lactic dehy-
drogenase,75 and beta2-microglobulin,59

which may all be elevated in inflammatory
or other diseases of the nervous system.
Beta-glucuronidase is an intracellular en-
zyme that is normally present in both the
gray and white matter of the brain, and it
is found in relatively high concentrations
within the pia-arachnoid and choroid
plexus.66 It is not unexpected, therefore,
for it to be found under normal conditions
in the CSF.76 In the presence of malig-
nancy in the CNS, however, the level of
beta-glucuronidase has been found to
rise.76 Further studies have shown that the
level of CSF beta-glucuronidase is often el-
evated in the setting of leptomeningeal
metastases, but this elevation is not spe-
cific for this disease because elevated levels
have also been found in cases of acute and
chronic CNS infection.66,67

Both CEA and beta-glucuronidase have
been studied in the CSF of patients sus-
pected of having CNS metastases from
adenocarcinoma, leukemia, lymphoma, or
other malignancies.66-68 Serial measure-
ments of CEA may be useful in identifying
patients with leptomeningeal relapse of
breast cancer before other evidence of re-
lapse.68 Unlike beta-glucuronidase, CEA
appears not to be consistently elevated in
cases of chronic infectious meningitis.66

Cerebrospinal fluid CEA and beta-glu-
curonidase are both useful tumor markers
for the detection of leptomeningeal metas-
tases, but not for intraparenchymal brain
metastases or epidural tumor.66 Cere-
brospinal fluid levels of CEA were more
accurate in detecting leptomeningeal me-

tastases from lung carcinomas than those
from breast cancer and melanoma. Nei-
ther CSF CEA nor beta-glucuronidase has
been found to be very sensitive in the di-
agnosis of leptomeningeal lymphoma,
however.66

An abnormal lactic dehydrogenase
(LDH) isoenzyme pattern was found in
some individuals with leptomeningeal me-
tastases.13 The CSF LDH-5/LDH-1 ratio
was abnormal in 15 of 20 patients with
leptomeningeal cancer in whom it was as-
sayed. An elevated CSF lactic acid also
was found in many patients with lep-
tomeningeal cancer, as compared with
controls.

Cerebrospinal fluid and serum immu-
noglobulins as well as beta2-microglobulin
have been assayed in patients with neo-
plastic diseases involving the CNS. In pa-
tients with lymphoproliferative diseases,
and occasionally patients with nonlym-
phoid neoplasms, several abnormalities
including presence of CSF and serum
oligoclonal bands have been observed.63

The results, however, were not sufficiently
sensitive or specific to establish a diagnosis
of CNS neoplastic involvement with cer-
tainty. Increased levels of beta2-microglob-
ulin have also been found in many cases of
neoplastic involvement of the CNS.63

However, this assay was associated with
both false-positive and false-negative re-
sults. Furthermore, the study found that
the CSF beta2-microglobulin level in-
creased during intrathecal treatment
and/or CNS irradiation. Finally, CSF lev-
els of beta2-microglobulin, the IgG index,
and the IgM index all increased when in-
fectious complications in the CNS were
found.

The Cerebrospinal levels of vasopressin
(ADH) and adrenocorticotrophic hor-
mone (ACTH) have been assayed in
patients suspected of harboring CNS
metastatic disease from small-cell lung
cancer.64,65 As with the other biochemical
markers described, the utility of these as-
says has been questioned due to their lack
of specificity and sensitivity in accurately
diagnosing leptomeningeal metastases. At-
tempting to explain this shortcoming,
Pedersen and colleagues65 cited evidence
suggesting that with regard to production
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of biochemical markers, many tumors may
be polyclonal; different metastatic clones
might produce varying quantities of bio-
chemical markers, creating an inherent
difficulty in reliably measuring marker.
Given the lack of specificity and sensitivity
of the biochemical tumor markers in the
evaluation of patients with suspected lep-
tomeningeal metastases, they must be in-
terpreted in the context of the other clini-
cal and laboratory findings.

Diagnostic Imaging Studies

The modalities most frequently used for
imaging the central nervous system are
CT and MRI. Prior to MRI, myelography
was frequently utilized to visualize lep-
tomeningeal metastases.9,13,17 Characteris-
tic findings on myelography include a
thickening of nerve roots and presence of
nodules along the cauda equina due to
metastases (Fig. 7-3.) Myelography was di-
agnostic in 13 of 49 patients in the
MSKCC series.13

Contrast-enhanced CT of the brain has
been used to identify leptomeningeal me-
tastases.77-80 The leptomeninges, cranial
nerves, and superficial brain metastases
commonly are abnormally enhanced be-
cause of breakdown of the blood-brain
barrier. Communicating hydocephalus is
also seen, due to obstruction of the basilar
meninges.81 Normal head CT scans are
also often encountered in the presence of
leptomeningeal metastases. One study77

reported that a contrast-enhanced cranial
CT was normal in 44% of patients with
leptomeningeal cancer.

Spinal CT scanning following the intro-
duction of intrathecal water-soluble con-
trast material may be more sensitive than
myelography, however, in demonstrating
the presence of nodules and thickening
along nerve roots and the cauda equina.

Contrast-enhanced MRI can be helpful
in the diagnosis and management of pa-
tients with leptomeningeal metastases.81-83

On the other hand, noncontrast-enhanced
MRI has been found to be insensitive to
diagnosing leptomeningeal metastases. In
one study,84 noncontrast MRI of the brain
was compared to contrast-enhanced cra-

nial CT. Many abnormalities seen on CT,
such as sulcal and cisternal enhancement,
or ependymal or subependymal metasta-
ses, were not as readily recognized on the
noncontrast MRI or could not be differen-
tiated from radiation effects or ventricu-
lomegaly alone. In the study cited above,77

Krol et al. also compared cranial CT with
nonenhanced cranial MRI in the evalua-
tion of leptomeningeal cancer. Nonen-
hanced MRI of the brain was normal in
65% of cases.

Similarly in the spine, noncontrast MRI
was found to be relatively insensitive in
detecting leptomeningeal metastases.77,85

Alternatively, with the use of contrast-
enhanced MRI, leptomeningeal metastases
are frequently visualized (Fig. 7-4).85-90

The sensitivity of gadolinium-enhanced
MRI scans for leptomeningeal metastases
appears to match that of myelography and
postmyelography CT.87 However, as in the
case of myelography, the gadolinium-
enhanced MRI may be normal in the set-
ting of leptomeningeal metastases; thus,
CSF cytology continues to be helpful in
the evaluation of these patients.87

Although not specific, electrophysiologi-
cal studies may occasionally help in evalu-
ating patients with leptomeningeal metas-
tases. The electroencephalogram may be
diffusely or focally slow, and seizure activ-
ity may be seen.17 Electrophysiological
studies of the peripheral nervous system
(i.e., spinal roots) may identify subclinical
abnormalities in these patients.

The following case illustrates the pro-
tean manifestations of leptomeningeal
cancer and the difficulties sometimes en-
countered in confirming a diagnosis with
laboratory methods.

CASE ILLUSTRATION

A 24-year-old man with a history of diffuse his-
tiocytic lymphoma was referred for evaluation
of low back pain and gait difficulty. The patient
reported that he had had intermittent but pro-
gressive low back pain for three to four weeks;
during the past week he had developed left leg
pain; and most recently he had developed neck
and right arm pain. His gait difficulty began
one to two weeks previously. Initially he noted
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Figure 7-3. Myelogram showing leptomeningeal metastases from breast cancer. The patient had cauda equina
symptoms and signs, and the myelogram reveals metastatic nodules involving the cauda equina. (A) Anteropos-
terior view. The largest filling defect is seen just above the spinal needle. (B) Lateral view.

left leg numbness and weakness, but more re-
cently his right leg and right hand seemed to
be getting weaker. During the past two weeks,
he had also noted increasing difficulty sustain-
ing an erection. He denied headache, diplopia,
dysarthria, change in cognitive function, bowel

or bladder difficulties, fever, chills, or other
symptoms of infection.

His past medical history was significant only
for lymphoma, which had been diagnosed 18
months earlier. He had received several cycles
of chemotherapy, some of which had included
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Figure 7-4. A 28-year-old man with known cerebral glioblastoma presenting with back pain and bilateral lower
extremity weakness. The clinical history, examination, myelogram, and positive CSF cytology were all consis-
tent with leptomeningeal metastases. Sagittal lumbar MR images are shown in A through D. (A) T1-weighted
noncontrast image was considered negative except for poor definition of the conus and proximal nerve roots.
In retrospect, vague nodules may be present in the subarachnoid space. (B) Proton-density (left panel) and T2-
weighted (right panel) images were also considered equivocal; there was a suggestion of high intensity near the
conus. (C) T1-weighted image after contrast administration shows enhancing subarachnoid tumor encasing the
nonenhancing distal spinal cord. Multiple metastases are seen. (D) Proton-density (left panel) and T2-weighted
(right panel) scans after contrast administration show that the lesions enhance (white nodular areas in the
spinal canal). (E) Myelogram confirms the presence of multiple nodules, and block at the level of the conus.
(From Sze, G, et al.,85 with permission.)

vinca alkaloids. A recent extent-of-disease eval-
uation showed bone marrow involvement by
lymphoma and enlarging retroperitoneal
adenopathy.

Physical examination revealed a chronically
ill young man with normal vital signs. He had
palpable cervical and axillary adenopathy and
an enlarged spleen. The remainder of the gen-
eral physical examination was unremarkable.
The neurological examination revealed a nor-
mal mental status, normal funduscopic exami-
nation, and normal cranial nerve function. The
neck was supple and deep tendon reflexes
were asymmetric: The biceps and triceps re-
flexes were absent on the right side but present

on the left. Both brachioradialis reflexes were
absent. The patellar reflex was absent on the
left but intact on the right. Both ankle jerks
were depressed. No Babinski signs were
elicited, and the superficial abdominal reflexes
were present and symmetric. The right upper
extremity strength was 4/5 proximally and 4-/5
distally. The left leg strength was 4-/5 through-
out and the right leg strength was 4/5. No fasci-
culations were seen, and there was no atrophy.
Sensory examination showed a stocking-glove
sensory loss to pin, vibration, and temperature.
There was also decreased pin sensation in the
right proximal upper extremity and markedly
decreased sensation over the sacral der-
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matomes of the buttocks. The anal sphincter
was lax.

The clinical impression was that the patient
had leptomeningeal metastases from lym-
phoma. Routine laboratory studies were unre-
markable. Total spine films did not demon-
strate a compression fracture or paravertebral
mass. Because epidural spinal cord compres-
sion could not be excluded on the basis of the
examination alone, the patient was treated
with corticosteroids. A total spinal myelogram
with metrizamide was followed by CT scan-
ning. There was no evidence of epidural tumor
or leptomeningeal seeding on the radiological
studies. The CSF studies revealed a protein of
84 mg per d1, glucose 51 mg per d1, 25 nucle-
ated cells (1% polymorphonuclear cells, 90%
lymphocytes, 9% monocytes). Cytology was
negative for malignant cells, and infectious dis-
ease studies (routine, AFB, fungal studies, and
cryptococcal antigen) were all negative.

In the absence of laboratory confirmation of
leptomeningeal metastases, the patient under-
went two more lumbar punctures during the
following week. In each case, there was persis-
tent CSF pleocytosis, elevated protein, and
negative cytology for malignant cells. The in-
fectious disease workup was repeated (includ-
ing serum Lyme titer and FTA-ABS) and again
found to be negative. During this period of
time, the patient developed progressive bilat-
eral upper extremity weakness and lower ex-
tremity weakness. The deep tendon reflexes
that had been present initially were lost. He de-
veloped memory difficulties. He began to com-
plain of diplopia and was found to have a par-
tial left third-nerve palsy with inability to
adduct and elevate the eye. A questionable
left facial paresis was also seen. A contrast-
enhanced head CT scan was performed and
was normal.

After one week of hospitalization, despite the
lack of definitive laboratory confirmation, lep-
tomeningeal lymphoma was considered the
most likely diagnosis and treatment was initi-
ated. Despite whole neuraxis radiation therapy
and intrathecal chemotherapy (his CSF cytolo-
gies remained negative for malignant cells), his
neurological condition deteriorated and he
died two weeks later of respiratory failure.

At postmortem examination, this patient's
leptomeninges were studded with lymphoma;
the heaviest concentration was in the spinal
axis. The cranial nerves were involved, and

lymphoma was found to cuff leptomeningeal
blood vessels. Areas of cerebral infarction were
seen on histopathological examination.

Comment. This case illustrates the difficul-
ties often encountered in the evaluation of pa-
tients with leptomeningeal metastases. Initially,
only radicular abnormalities were found, but
during further observation cranial nerve and
cerebral symptoms and signs developed, which
helped to confirm the clinical impression. The
laboratory workup showed no definite signs of
leptomeningeal lymphoma, but the CSF was
persistently abnormal in terms of cell count,
protein, and glucose determinations. When the
other causes of chronic meningitis were confi-
dently excluded, and the clinical examination
confirmed the presence of multiple levels of
neuraxis involvement, the patient was treated
for leptomeningeal metastases. It should be
noted that the clinical diagnosis also was sup-
ported by the histological type of lymphoma
which showed bone marrow involvement (dif-
fuse histiocytic lymphoma), a risk factor for
leptomeningeal invasion.

APPROACH TO THE PATIENT
SUSPECTED OF HAVING
LEPTOMENINGEAL
METASTASES

As has been emphasized throughout this
chapter, the clinical manifestations of lep-
tomeningeal metastases are typically by
the very nature of the disease multifocal
and therefore protean. Occasionally, can-
cer patients with no neurological com-
plaints undergo lumbar punctures for un-
related reasons, and malignant cells are
found. Patients also may have solitary
symptoms or signs as the initial manifesta-
tion of leptomeningeal involvement. In
cancer patients with multifocal involve-
ment of the nervous system, there may be
a high index of suspicion that the patient
has leptomeningeal metastases, but the
CSF may fail to reveal malignant cells to
confirm the clinical impression. Thus no
single approach can be recommended. In
the absence of definitive laboratory confir-
mation, only guidelines can be offered.
Decision-making and management should
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be modified on the basis of the patient's
individual circumstances.

The diagnosis of leptomeningeal cancer
is usually suspected in the cancer patient
with the appropriate clinical history and
examination. In addition to the clinical
data, the clinician should consider the pri-
mary tumor type, the extent of disease
elsewhere, and the risk factors for the de-
velopment of leptomeningeal metastases.
All of these factors may provide clinical ev-
idence for or against the diagnosis. Labo-
ratory data such as CSF cytology will usu-
ally confirm the clinical impression, but as
seen above, CSF cytology may continue to
be negative.

In the patient presenting with spinal
symptoms and signs, leptomeningeal me-
tastases may be considered if the patient
has symptoms or signs of intracranial dis-
ease or other signs of multifocal involve-
ment that cannot be explained on the ba-
sis of epidural spinal cord compression
alone. In the setting of coexisting cerebral
or cranial nerve disturbances, a head CT
scan or MRI will identify a mass lesion or
hydrocephalus. However, as cited above,
contrast-enhanced studies are needed to
demonstrate leptomeningeal metastases
apart from the nonspecific finding of com-
municating hydrocephalus.81

If the clinical presentation suggests the
possibility of epidural spinal cord com-
pression, then MRI (or myelography) will
identify an epidural mass. If myelography
is performed, CSF may be obtained at the
time of myelography. While nonenhanced
MRI is usually sufficient for identifying
metastatic epidural spine compression,
contrast-enhanced MRI of the spine
should be performed to evaluate for lep-
tomeningeal disease. If no epidural com-
pression is seen that could explain the pa-
tient's clinical findings, then (if there is no
contraindication) a lumbar puncture with
CSF studies sent for cell count, protein,
glucose, cytology, and infectious disease
studies (including bacterial, AFB, fungal
studies, cryptococcal antigen, and VDRL)
may confirm the clinical impression of lep-
tomeningeal metastases. If the initial cy-
tology is negative, two or three repeat CSF
analyses may be performed. If the CSF cy-
tologies are persistently negative for ma-

lignant cells and the imaging findings are
not diagnostic, other less common infec-
tious etiologies (including Lyme disease
and syphilis) and noninfectious causes of
chronic meningitis91 should be consid-
ered.83 If the diagnosis cannot be con-
firmed by laboratory studies, repeat CSF
analyses and repeat contrast-enhanced
head MRI scans may be helpful. If the pa-
tient has leptomeningeal metastases, some
laboratory evidence supporting this diag-
nosis, such as a markedly depressed CSF
glucose or persistent CSF pleocytosis, is
usually seen in the absence of infectious or
other nonneoplastic etiology.

If the clinical evidence for lep-
tomeningeal cancer is not strong, rela-
tively specific laboratory findings such as
positive CSF cytology, enhancing metasta-
ses on MRI, or metastatic neoplasms on
nerve roots should be demonstrated be-
fore a diagnosis is made.13,39,81 Given the
difficult diagnostic and management is-
sues in cases where a definitive clinical and
laboratory diagnosis is not forthcoming,
consultation with an experienced neuro-
logical clinician and other specialists, as
the circumstances indicate, is recom-
mended.

THERAPY

Treatment of leptomeningeal metastases
must be directed to both the intracranial
compartment and spinal axis because ma-
lignant cells circulate throughout the en-
tire subarachnoid space. Radiotherapy,
intrathecal chemotherapy, and systemic
chemotherapy have each been used alone
and in combination.92,93 For example,
systemic high-dose methotrexate with
leukovorin rescue94 and high-dose cyto-
sine arabinoside95 have been used in pa-
tients with leptomeningeal leukemia. Al-
though radiotherapy is generally effective
in treating leptomeningeal cancer, it usu-
ally cannot be delivered to the entire neu-
raxis without significant bone marrow
suppression. Thus radiotherapy directed
to symptomatic sites—in combination with
intrathecal chemotherapy consisting of
methotrexate, cytosine arabinoside (ARA-
C), or thiotepa—is often used.39,96,97 Inves-
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tigational approaches include immuno-
toxin therapy and the use of radiolabeled
monoclonal antibodies.98-102

Intraventricular administration of
chemotherapy provides better distribu-
tion of the drug throughout the neu-
raxis than does intralumbar administra-
tion.103-105 Two independent studies have
shown the clinical advantage of intra-
ventricular chemotherapy in overt lep-
tomeningeal leukemia.106,107 In both stud-
ies, patients served as their own controls:
In the first, the median duration of re-
mission was increased from 9.5 months
in the intralumbar-treated period to 16
months in the intraventricular-treated
period (p < 0.05).106 In the other study,
the monthly incidence of CNS relapses in
the intraventricular-treated period was
one fourth that of the intralumbar-treated
period (p < 0.05).107

Toxicities from treatment include neu-
rotoxicity, mucositis, and bone marrow
suppression from radiotherapy and in-
trathecal chemotherapy. Systemic toxici-
ties from intrathecal methotrexate may be
reduced by administering oral or par-
enteral leukovorin. Complications from
the placement of the Ommaya reservoir
are infrequent. Posner has reported that
hemorrhage into the brain at the time of
placement occurs in less than 1% of pa-
tients, and infectious complications occur
in about 5%.39,108 If the catheter is not
placed properly in the ventricle, instilla-
tion of chemotherapy directly into the
brain can cause leukoencephalopathy sur-
rounding the catheter.

The treatment of leptomeningeal me-
tastases and of toxicities associated with
various forms of therapy (e.g., leukoen-
cephalopathy) has been reviewed.27,39 In
general, leukemic and lymphomatous
meningitis respond best to aggressive
therapy. Leptomeningeal disease from
breast cancer has shown variable re-
sponses, including 25% one-year survival
with intensive intraventricular methotrex-
ate treatment reported by Ongerboer de
Visser et al.109 On the other hand, other
groups have found less favorable re-
sponses to therapy.110,111 The outcome
from therapy of non-small-cell lung can-
cer and other adenocarcinomas involving

the leptomeningeas is usually poor.39,112

The median survival of patients with lep-
tomeningeal metastases from solid tumors
has been reported to be four to six
months.13,27

SUMMARY

Neoplastic cells which enter the cere-
brospinal fluid are called leptomeningeal
metastases. Such metastases may arise
from systemic malignancies or primary
CNS cancer. Leptomeningeal metastases
were first recognized as a significant clini-
cal problem in neuro-oncology when chil-
dren with acute lymphoblastic leukemia
were successfully treated with chemother-
apy. Because the CNS is a "pharmacologic
sanctuary site," children who were suc-
cessfully placed in systemic remission by
chemotherapeutic agents were found to
relapse in the leptomeninges. (This expe-
rience recalled a similar phenomenon in
the treatment of tuberculosis with strepto-
mycin.) With the advent of more success-
ful chemotherapeutic agents for other
malignancies (e.g., breast cancer), lep-
tomeningeal metastases have become an
increasingly frequent problem for patients
with malignancies.

Since neoplastic cells circulate through-
out the CNS, they frequently cause per-
plexing clinical manifestations. Accord-
ingly, patients may present alone or with
any combination of (1) cerebral distur-
bance, (2) cranial neuropathy, and/or
(3) spinal dysfunction. This presents a dif-
ficult diagnostic problem because we are
often taught to think of a single lesion
which causes the patient's neurologic dis-
order. Furthermore, imaging and labora-
tory diagnosis are fraught with pitfalls.
For example, while nonenhanced MRI
scanning is very sensitive in diagnosing
epidural spinal metastases, contrast en-
hancement is needed to reveal most cases
of leptomeningeal metastases. Further-
more, CSF analysis may not yield malig-
nant cells on the first tap and may require
multiple analyses. In cases of lymphoma
or leukemia, where the neoplastic cells re-
semble normal lymphocytes, the labora-
tory diagnosis may be particularly vexing.

Leptomeningeal Metastases



262

Once a diagnosis is established the en-
tire neuraxis requires therapy in order to
clear the leptomeninges of neoplastic cells.
Radiation therapy is frequently adminis-
tered, but because radiation to the entire
neuraxis includes an extensive region of
bone marrow, it must often be limited to
the symptomatic sites and supplemented
with chemotherapy to treat subclinical dis-
ease elsewhere. Chemotherapy may be ad-
ministered either directly into the CSF
(e.g., via Ommaya reservoir) or systemi-
cally in doses and by agents which pene-
trate the CNS. This chapter reviews the
clinical manifestations and imaging and
laboratory features of leptomeningeal me-
tastases and briefly comments upon prin-
ciples of therapy. The interested reader is
referred to oncologic texts and articles for
specific recommendations regarding cur-
rent therapies.
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Chapter 8

NONCOMPRESSIVE MYELOPATHIES

POSTINFECTIOUS, POSTVACCINATION,
AND IDIOPATHIC MYELITIS

Acute Transverse Myelitis
MULTIPLE SCLEROSIS
ACUTE NECROTIZING MYELITIS
VIRAL MYELITIS
Acute Anterior Poliomyelitis
Herpes Viruses
HTLV-1 -Associated Myelopathy and Tropical

Spastic Paraparesis
AIDS-Related Myelopathies
SPIROCHETAL DISEASES OF THE

SPINAL CORD
Syphilis
Lyme Disease
TOXIC MYELOPATHIES
Orthocresyl Phosphate
Myelopathy following Aortography
Lathyrism
Myelopathy Due to Intrathecal Agents
Spinal Arachnoiditis
Radiation Myelopathy
Electrical Injuries
METABOLIC AND NUTRITIONAL

MYELOPATHIES
Subacute Combined Degeneration of the

Cord
Nutritional Myelopathy
Myelopathy Associated with Liver Disease
SPINAL CORD INFARCTION
Arterial Infarction
Venous Infarction
Laboratory Evaluation
AUTOIMMUNE DISEASES
Sjogren's Syndrome
Systemic Lupus Erythematosus
PARANEOPLASTIC MYELOPATHY
NEURONAL DEGENERATIONS
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ACUTE AND SUBACUTE TRANSVERSE
MYELOPATHY OF UNKNOWN
ETIOLOGY

Intrinsic or medullary diseases cause
several disorders of the spinal cord that
disrupt its structure and function. A broad
range of pathological processes are af-
fected by these diseases (Table 8-1):

1. Noninfectious diseases such as trans-
verse myelitis, which occur following
infection or vaccination or which may
be idiopathic, and the demyelinating
disease multiple sclerosis

2. Infectious diseases
3. Toxic diseases, such as those caused

by irradiation
4. Metabolic disorders and vitamin defi-

ciencies, such as the combined de-
generation caused by vitamin B12

5. Vascular diseases, including ischemia,
hemorrhage, and vascular malforma-
tions

6. Neoplastic diseases
Most of these diseases clinically present
with an acute or subacute myelopathy.
Since biopsy of the cord is rarely performed
and most of the diseases are inflammatory
in nature, diagnosis and management rely
mostly on the patient's history, examina-
tion, imaging findings, and exclusion of
infectious diseases. Furthermore, since
there is evidence that patients with acute
noninfectious myelitis appear to respond
to high-dose corticosteroids when given
early in the course of the disease, it is



Noncompressive Myelopathies

Table 8-1. Noncompressive Causes of Myelitis and Myelopathy*

Postinfectious or Parainfectious Myelitis
Postvaccinal
"Influenzal" and subsequent to viral infection
Spontaneous acute myelitis (acute dissemi-

nated encephalomyelitis of unknown cause)

Demyelinating Myelitis of Unknown Etiology
Multiple sclerosis
Neuromyelitis optica
Acute necrotizing myelitis

Primary Infectious Myelitis

Viral Myelitides
Poliomyelitis
Postpoliomyelitis syndrome
Myelitis with acute viral encephalomyelitis
Herpes zoster
Rabies
Subacute myoclonic spinal neuronitis
HTLV-1+
AIDS myelopathy
Bacterial and Spirochetal Myelitides
Acute suppurative myelitis with spinal abscess
Tuberculoma of spinal cord
Syphilitic myelitis
Lyme disease
Rickettsial, fungous, and parasitic myelitides
Typhus and spotted fever
Actinomycosis, coccidioidomycosis, aspergillo-

sis, torulosis
Trichinosis, falciparum malaria, schistosomiasis
Myelopathy Secondary to Acute Intraspinal
Infection
Acute bacterial meningitis
Tuberculous meningitis

Toxic Myelopathy
Ortho-cresyl phosphate
Following aortography
Arsenic
Lathyrism
Organic iodide contrast media
Penicillin
Spinal anesthetics and arachnoiditis

Myelopathy Owing to Physical Agents
Irradiation
Electrical injury to the central nervous system

Metabolic and Nutritional Myelopathy
Diabetes mellitus
Cyanocobalamin deficiency
Pellagra
Complex deficiencies without single identified

nutrient
Myelopathy of chronic liver disease

Myelopathy Owing to Diseases of the Blood Vessels
Arteriosclerosis
Dissecting aortic aneurysm
Coarctation of the aorta
Periarteritis nodosa
Systemic lupus erythematosus
Sjogren's syndrome
Vascular malformations of the spinal cord

Paraneoplastic myelopathy

*Adapted from Plum, F and Olson, ME.78

Human T-cell leukemia/lymphoma virus.

important to expeditiously evaluate and
manage these patients. 1,2

In the pre-MRI era, most patients pre-
senting with a myelopathy that evolved
over hours to days or weeks, and whose
myelogram revealed no cord compression
were diagnosed with acute or subacute
transverse myelopathy. As defined by Rop-
per and Poskanzer in their classic paper,
"transverse myelopathy is an acute intra-
medullary dysfunction of the spinal cord,
either ascending or static, involving both

halves of the cord, often over considerable
length, and appearing without history of
previous neurological disease."3 These au-
thors acknowledged that the term trans-
verse myelopathy included several dif-
ferent neuropathological processes. Now
MRI permits a more rapid diagnosis. In
some cases it has permitted a refined ap-
proach to the differential diagnosis of pa-
tients with transverse myelopathy. The
AIDS epidemic has also broadened the
differential diagnosis to include several in-
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fectious disorders, such as HIV-1, cy-
tomegalovirus, herpes zoster, toxoplasmo-
sis, and other infections prevalent in the
immunocompromised host. Accordingly,
the diagnosis and management of trans-
verse myelopathy has become more
complex, especially in the immunocom-
pomised patient. It is thus important to
determine the HIV status of patients with
transverse myelopathy.

In this chapter, we will review the com-
mon disorders that present as transverse
myelopathy. The spectrum of diseases in
immunocompromised hosts is rapidly
evolving, and this text is not intended to
cover the entire spectrum. Other sources
should be consulted when evaluating pa-
tients with infectious diseases.

POSTINFECTIOUS,
POSTVACCINATION, AND
IDIOPATHIC MYELITIS

Acute and subacute transverse myelitides
presumed to be secondary to an underly-
ing autoimmune condition have been
recognized for decades. They present a
vexing clinical problem. These patients
typically present with a rapidly evolving
myelopathy and no specific etiology. Diag-
nosis is made on the basis of the clinical
presentation, MRI Findings, CSF analysis,
and exclusion of etiologies requiring spe-
cific therapy, such as infections. Since
some patients respond to corticosteroids,
rapid evaluation is necessary.

In this section, we first consider the
monophasic disease acute transverse
myelitis, which may be postinfectious,
postvaccination, or idiopathic; later, we
will discuss multiple sclerosis and acute
and subacute necrotizing myelitis. Collec-
tively, these diseases of unknown etiology
are the most common causes of acute
transverse myelitis.4 Although each may
have a different antecedent, these diseases
share a similar pathology and are thought
to have an inflammatory pathogenesis.
Unlike the viral myelitides, which show a
predilection for the gray matter, this
group of diseases usually involves white
matter tracts, or both white and gray mat-

ter (thus earning the term transverse
myelopathy).4,5

Acute Transverse Myelitis

Although the antecedent conditions are sep-
arable, postinfectious (sometimes termed
parainfectious) myelitis shares a very simi-
lar clinical course and pathology with post-
vaccination myelitis.6,7 Some of the exan-
thematous infections and vaccinations that
are antecedent to myelitis are shown in
Table 8-2. Although the most common an-
tecedent infections are viral illnesses, bacte-
rial mycoplasma8 and other infections may
also trigger myelitis.6,9 In many cases, a
myelopathy clinically and pathologically in-
distinguishable from postinfectious myelitis
occurs without an apparent infection or
vaccination.4

PATHOGENESIS

It is now recognized that postinfectious
and postvaccination myelitis are not due
to viral invasion of the central nervous sys-
tem. On the contrary, immunological
mechanisms play an important role in
their pathogenesis.10,11 Although the pre-
cise mechanisms of CNS injury are un-
known, the histopathological similarity be-
tween postinfectious and postvaccination
myelitis and experimental allergic en-

Table 8-2. Some Antecedents of
Parainfectious Myelitis

Viral Disease

Rubeola (measles)
Rubella (German measles)
Mumps
Influenza
Mycoplasma pneumonia
Infectious mononucleosis
Varicella

Vaccinations

Tetanus
Poliomyelitis
Rabies
Smallpox

Diseases of the Spine and Spinal Cord
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cephalomyelitis has suggested to many in-
vestigators that an autoimmune response
to a CNS antigen such as myelin basic pro-
tein may be responsible.12 Alternatively, it
has been suggested that circulating im-
mune complexes may play a role in the
pathogenesis of these disorders by induc-
ing a vascular injury.13 The time interval
between exposure to an infection or vacci-
nation and development of the neurologi-
cal disorder varies but is commonly seven
to ten days.

PATHOLOGY

The clinical manifestations of postinfec-
tious and postvaccination myelitis may in-
clude symptoms, signs, and/or MRI evi-
dence of brain involvement. However, in
occasional cases the spinal cord is the pre-
dominant (or only) site of involvement.

As noted above, the pathological find-
ings of postinfectious and postvaccination
myelitis are the same.14 On gross examina-
tion, the spinal cord may be normal or
swollen. On histopathological inspection
of the gray and white matter, the most
prominent findings are found in the blood
vessels and the perivascular regions.15 Hy-
peremia, perivascular cellular exudate
and edema, and hemorrhage usually are
found around arterioles, venules, and cap-
illaries.6 The perivenous areas infiltrated
by inflammatory cells typically show re-
gions of demyelination that may coalesce
with other areas, so the perivascular lo-
calization is not apparent. In regions of
severe inflammation, necrosis may be
seen.11,15

CLINICAL FEATURES

The clinical features of acute transverse
myelitis are highly variable. An antecedent
history of viral illness or vaccination may
be elicited in a third to a half of all pa-
tients. Systemic symptoms, which may ap-
pear first, include fever, malaise, nausea,
vomiting, and muscular aching, suggest-
ing an infectious etiology. When the spinal
cord is the major clinical site of neurologi-
cal involvement, paresthesias may be re-
ported in the lower extremities. Although
back pain and/or radicular pain may her-

ald the illness, the myelopathy can also de-
velop without pain.

Any level of the spinal cord may be in-
volved, but the thoracic region is the most
frequent. Myelopathy may be accom-
panied or occasionally preceded by a
polyradiculopathy and/or cerebral mani-
festations, in which case it may be desig-
nated encephalomyeloradiculitis rather
than acute transverse myelitis. Symptoms
and signs of cord involvement usually
evolve acutely; the majority of patients de-
velop maximal neurological deficit within
several days to several weeks. Those with
abrupt onset appear to have a worse prog-
nosis.3 Specific signs (weakness, sensory
loss, and sphincter dysfunction) depend
on the tracts involved and on whether the
involvement is transverse, ascending, or
multifocal.

Routine laboratory studies are usually
normal or nonspecific. The CSF may be
normal, but it typically shows a moderate
lymphocytic pleocytosis. Other signs of
CNS inflammation may include a slightly
elevated protein (usually less than 120
mg/dl) level, elevated IgG, and the pres-
ence of oligoclonal bands. If polyradiculi-
tis is part of the clinical presentation, or if
there is a subarachnoid block secondary to
cord swelling, then the protein may be
further elevated. CSF glucose concentra-
tion is typically normal.3

The advent of MRI has revolutionized
diagnostic imaging ability where trans-
verse myelopathy is concerned, and it may
shed light on the pathogenesis in some
cases. Choi and colleagues16 evaluated MR
characteristics of 17 patients with idio-
pathic transverse myelitis. Common MR
abnormalities included a central hyperin-
tensity occupying more than two-thirds of
the cross-sectional area of the cord in 88%
of cases; a rostrocaudal length of three to
four vertebral bodies (53%); cord expan-
sion (47%); focal peripheral cord enhance-
ment (53%); and a slow regression of T2
hyperintensity with an enhancing nodule.
Tartaglino and others17 studied MR find-
ings in 19 patients with idiopathic acute
transverse myelitis (53% had experienced
recent upper respiratory infections or vac-
cination). On T2-weighted axial images, 13
of 18 lesions showed holocord signal ab-
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normalities, 39% had gray matter abnor-
malities, as often seen in ischemic lesions
of the cord, and 16% had isolated white
matter lesions. Enhancement patterns
were variable, and in 17% of cases en-
hancement of the cauda equina occurred
in a pattern similar to that of Guillain-
Barre syndrome. These authors con-
cluded that a small-vessel vasculopathy
may be the basis for some cases of trans-
verse myelitis.

In patients with lupus, Provenzale et
al.18 reported MR findings in four patients
with eight episodes of transverse myelitis.
There was prolongation of T1 or T2 signal
(or both) in all eight episodes. Spinal cord
enlargement was seen in six episodes
(75%), and spinal cord enhancement was
seen in three of six episodes. During peri-
ods of remission, the spinal cord diameter
returned to normal and enhancement re-
solved, although abnormal cord signal
could also persist. Improvement in MR
findings correlated with clinical improve-
ment.

THERAPY

Although there are no randomized con-
trolled trials that show corticosteroids are
effective in treating transverse myelitis,
the suspected autoimmune basis for this
disorder has led to the use of these
drugs. 18a,b Retrospective studies showing
their benefit have begun to emerge. In a
series of five children with acute trans-
verse myelopathy, Sebire and colleagues1

treated them with high-dose intravenous
methylprednisolone and compared their
outcomes with historical controls. These
authors found that the median time to
walking independently was significantly
reduced (23 versus 97 days), and the pro-
portion with full recovery within 12
months was dramatically higher (80% ver-
sus 10%). No significant adverse effects
from the corticosteroids were reported.

Harisdangkul and colleagues2 reported
the outcome of seven patients with trans-
verse myelopathy associated with systemic
lupus erythematosus (four of whom had
no prior history of lupus). Only two pa-
tients, who received high-dose IV pulse
steroid within one week of onset of trans-

verse myelopathy, had a good outcome.
These authors concluded that early diag-
nosis and early treatment with high-dose
steroids reduced mortality and improved
functional outcome.

Urinary retention may require intermit-
tent catheterization or an indwelling cath-
eter, and careful attention is needed to
prevent development of a urinary tract in-
fection. If bladder dysfunction persists,
urodynamic studies usually are under-
taken to determine the specific mecha-
nism of impairment. Constipation is also a
common problem and may be due to ileus.
When ileus has resolved and oral feedings
have resumed, a stool softener or enemas
may be needed. Attention also must be
given to preventing skin breakdown, as in
other patients with spinal cord injury.

Patients with acute transverse myelitis
present two questions: (7) What is the im-
mediate prognosis for recovery of spinal
cord function? and (2) What is the risk of
developing multiple sclerosis? Patients
with abrupt onset tend to have a worse
prognosis that those whose myelopathy
develops over several days or weeks. Fur-
thermore, Scott and colleagues, 19,19a re-
port that spinal cord swelling present on
MRI scanning predicts a poor outcome,
whereas normal spine and brain MRI in-
dicate a good prognosis. In the study by
Scott et a!19a there were 20 patients with
transverse myelitis. Of 11 with normal
MRI scans of the cord, all 11 had a com-
plete or near-complete neurologic recov-
ery. Of nine patients with abnormal MRI
scans of the spinal cord, seven had mini-
mal or no neurologic recovery. In regard
to the risk of later development of multi-
ple sclerosis, several studies have shown
risks ranging from 3% to 72%.3,20-22 It ap-
pears that in patients with symmetric
transverse myelopathy risk for multiple
sclerosis is low. In patients with incom-
plete spinal cord syndromes, the risk ap-
pears to be much higher. 19a,22a In a study
by Scott et al.19a 20 patients with trans-
verse myelitis (TM) were compared to 16
patients presenting with acute myelo-
pathic multiple sclerosis (MMS). Motor
dysfunction was the presenting manifesta-
tion in all 20 TM patients and in 15 of the
16 MMS patients. The MMS patients had
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asymmetric motor or sensory findings in
15 of 16 cases, whereas among the TM pa-
tients 19 of 20 patients had symmetric mo-
tor and sensory findings. These authors
concluded that TM can be distinguished
from MMS on the basis of symmetry of
motor and sensory findings in TM, and on
the basis of asymmetry of motor and sen-
sory findings in MMS. In an average fol-
low-up of 4.5 years, none of the TM pa-
tients developed MS. In the extensive
experience of Paty et al.23 only 0.7% of
their 3500 patients with multiple sclerosis
presented with acute complete transverse
myelitis. Relapse of transverse myelitis has
been reported to occur at the same
level.23a

MULTIPLE SCLEROSIS

The clinical manifestations of multiple
sclerosis are protean. Although the his-
tory, findings on neurological examina-
tion, or laboratory studies (MRI or evoked
responses) often demonstrate a multifocal
distribution of lesions, the spinal cord is a
common site of initial clinical involve-
ment. In one series,24 for example, limb
sensory symptoms (30.7%) were the most
common presenting complaint (Table
8-3). Other spinal symptoms, such as
Lhermitte's sign, gait difficulties, extrem-
ity weakness, and sphincter disturbances,
also were very common, so the spinal cord
was considered the site of initial involve-
ment in over one-half of patients present-
ing with multiple sclerosis.25

Pathology

In a classic study, Lumsden26 drew atten-
tion to the presence of demyelinated
plaques (on postmortem examination) in
the spinal cords of most multiple sclerosis
patients. Lumsden also commented on the
relative symmetry of demyelination in
cases of multiple sclerosis, with similar le-
sions on both sides of the midline in many
cases (Fig. 8-1).

Fog27 noted that fan-shaped plaques in
the lateral columns are especially com-
mon, suggesting that demyelination is

Table 8-3. Initial Symptoms in 1721
Patients With Clinically Defined
Multiple Sclerosis From the
University of British Columbia
Multiple Sclerosis Clinic*

Sensory in limbs 30.7%
Visual loss 15.9%
Motor, slowly developing 8.9%
Diplopia 6.8%
Gait disturbance 4.8%
Motor, acute onset 4.3%
Sensory in face 2.8%
Balance problem 2.9%
Vertigo 1.7%
Lhermitte's symptom 1.8%
Bladder symptom 1%
Acute transverse myelopathy 0.7%
Limb ataxia 1%
Pain 0.5%
Other 2.5%
Polysymptomatic onset 13.7%

*From Paty, DW and Ebers, GC,24 p. 56, with per-
mission.

most likely to occur in the vicinity of veins
within the spinal cord. More recently, Op-
penheimer28 observed that plaques in the
cervical cord are about twice as common
as those at lower levels. On the basis of the
distribution of lesions in the transverse
plane, he suggested that mechanical
stresses, transmitted to the cord via the
denticulate ligaments, might play a role in
determining the site of multiple sclerotic
lesions in the spinal cord. This suggestion
remains controversial. It is now clear that
in addition to demyelination at least some
degree of axonal degeneration occurs in
multiple sclerosis.29-31

Clinical and Laboratory Features

Clinical features of the spinal form of
multiple sclerosis (cases characterized by
solely spinal symptomatology) have been
described. A study32 found that 109 out of
a pool of 1271 multiple sclerosis patients
had cases of spinal MS (9%). This figure is
somewhat lower than the 25% reported by
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Figure 8-1. Multiple sclerosis involving the spinal cord. Note the nearly total demyelination of posterior and
lateral columns. (Courtesy of Dr. Lysia Forno.)

others,33 whose patients were character-
ized by current symptoms only, not ex-
cluding patients with a history of ex-
traspinal symptoms. There was a slight
preponderance of females among the 109
cases.32 Both studies note a higher age at
onset of spinal MS compared with other
forms and a higher percentage of cases
with a progressive course.32,33 Signs and
symptoms of pyramidal tract and poste-
rior column dysfunction are especially
prominent, although sensory ataxia, im-
pairment of sensibility for light touch
and temperature, and sphincter/sexual
impairment also occur. Many patients with
spinal forms of multiple sclerosis harbor
subclinical demyelinated plaques in other
regions of the CNS. Why these lesions re-
main asymptomatic remains conjectural.34

How frequently will multiple sclerosis
develop in patients who present with iso-
lated spinal cord syndromes? Some au-
thors have suggested that in patients
without evidence of cord compression,
clinically definite multiple sclerosis will de-
velop in a higher proportion of patients
with chronic progressive myelopathies
than in patients with acute myelopathies.
In an autopsy series,35 multiple sclerosis
was found in 34% of patients with undiag-
nosed, chronic progressive myelopathies.
Other researchers36 have observed oligo-

clonal bands and/or abnormal visual
evoked potentials in 44% of patients with
chronic progressive myelopathy.

Hume and Waxman37 examined visual
somatosensory, and brain-stem auditory
evoked potentials in 222 patients referred
to Yale-New Haven Hospital for sus-
pected multiple sclerosis. Thirty-two had a
history and signs of isolated spinal cord
disease. Of these, four developed clinically
definite multiple sclerosis (McAlpine crite-
ria) on 2 1/2-year follow-up; all four of
these patients had positive visual or
brain-stem-evoked potentials, demon-
strating slowed conduction outside the
spinal cord at the time of presentation.
Three of the other 28 recovered and
showed no further symptoms; none of the
other patients had positive evoked poten-
tials. Notably, three of these other patients
referred for suspected multiple sclerosis
harbored structural lesions causing cord
compression (cervical disc disease, cervical
cord tumor, foramen magnum menin-
gioma); in each of these cases, the visual
and brain-stem-evoked potentials were
normal. These patients illustrate the dan-
ger in making a premature diagnosis of
spinal multiple sclerosis.37

A study of patients with acute
myelopathies38 found abnormal visual
evoked responses in only 10%. A follow-up
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study3 on patients presenting with acute
myelitis and subacute transverse myelopa-
thy found multiple sclerosis in only about
10% of cases; a subsequent study39 ob-
served normal visual, brain-stem auditory,
and median somatosensory-evoked poten-
tials in 12 patients with complete, acute
transverse myelitis, which suggests that
acute transverse myelitis usually is a
monophasic illness distinct from multiple
sclerosis.

In a series of 121 patients with isolated
noncompressive spinal cord syndromes,40

brain and spinal MRI showed lesions in
the appropriate spinal cord region in 64%
of patients with a cervical syndrome and
28% of patients with a thoracic or lumbar
syndrome. In patients with chronic pro-
gressive spinal cord syndromes, MRI re-
vealed cerebral lesions in 72%; most le-
sions were similar to those characteristic of
multiple sclerosis. An MRI revealed le-
sions in the white matter of the cerebral
hemispheres in 79% of patients with
chronic relapsing spinal cord syndromes.
In patients with acute spinal cord syn-
dromes (defined as a single clinical epi-
sode, fully developed within 14 days of on-
set), MRI of the brain was abnormal in
56%, often showing lesions indistinguish-
able from those seen in multiple sclerosis.
The authors point out that the finding of
multiple lesions at presentation cannot be
used to make a diagnosis of clinically defi-
nite multiple sclerosis because the criteria
of time and number are not met; either se-
rial MRI scanning showing dissemination
of lesions or a second clinical bout is re-
quired.41,42 Other investigators also have
found cranial MRI helpful in the evalua-
tion of patients with myelopathy of unde-
termined etiology when demyelinating
disease is the cause.43

Unexpected spinal cord compression
occasionally is seen in patients with remit-
ting and/or mild symptoms of spinal cord
dysfunction. As noted above, three pa-
tients with spinal cord compression were
among 32 patients referred to a teaching
hospital because of suspected spinal multi-
ple sclerosis. In a series40 of 130 patients
referred to a neurological hospital for
evaluation of a spinal cord syndrome in
which a compressive cause was considered

unlikely, nine (two of whom had nega-
tive myelograms, 1 and 3 months earlier)
had compressive lesions demonstrated by
MRI. Several of these patients had a re-
mitting spastic paraparesis that had been
previously diagnosed as multiple sclerosis.
None of these patients had symptoms or
signs referable to levels of the neuraxis
above the foramen magnum. This demon-
stration of unexpected compressive lesions
in patients with remitting myelopathies
emphasizes the importance of carefully
considering cord compression in patients
with undiagnosed spinal cord syndromes
and of rethinking the diagnosis if there is
progression of signs.

Although the clinical presentation of
spinal multiple sclerosis may resemble
postinfectious myelitis, the evolution of
myelopathy in multiple sclerosis fre-
quently occurs over a few weeks rather
than hours or days. The CSF sometimes
shows signs of inflammation with pleocy-
tosis, and elevations of protein (usually to
levels less than 100 mg per deciliter). The
IgG is also usually elevated, and oligo-
clonal bands are often present. Imaging of
the spine by MRI may demonstrate evi-
dence of demyelination (Fig. 8-2).

Pain syndromes and paroxysmal symp-
toms and signs are common manifesta-
tions of myelopathy in patients with multi-
ple sclerosis. Paroxysmal symptoms are
brief episodes of neurologic dysfunction
which may take the form of tingling,
numbness, weakness, painful tonic spasms
of muscle, tonic seizures, or pain. They
usually have an abrupt onset and sponta-
neously remit, and they may occur several
times per day. The pathogenesis is not
known, but it has been attributed to
ephaptic transmission at sites of demyeli-
nation.44 These paroxysmal events may (1)
occur spontaneously at a site of previous
demyelination, (2) herald a new demyelin-
ating event, or (3} be induced by an inter-
current illness such as urinary tract in-
fection or fever at a site of prevous
demyelination (pseudorelapse). Paroxys-
mal symptoms in patients with multiple
sclerosis commonly respond to anticonvul-
sants such as carbamazepine or phenytoin.

Neurogenic pain is a common finding in
patients with multiple sclerosis. The pain
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Figure 8-2. An MRI of spinal cord in a patient with
multiple sclerosis. Note the demyelinating plaque
(white) in the lower cervical spine. (From Sze, G,239

with permission.)

may be paroxysmal as described above or
it may be chronic and persistent. In stud-
ies of patients with multiple sclerosis, pain
has been reported to occur in approxi-
mately one-third to two-thirds of cases.45,46

In a study of pain syndromes in multiple
sclerosis patients, Moulin and colleagues47

reported painful tonic spasms in 15% of
cases and persistent extremity pain in
29%. In a similar study by Vermote et al.48

paroxysmal tonic spasms were seen in
10%, radicular pain in 4%, and persistent
extremity pain in 14%. When evaluating a
patient with multiple sclerosis and pain, it

is wise to consider other causes such as
neural compression or herniated discs.
Treatment of these neuropathic pain syn-
dromes can be challenging, but use of an-
ticonvulsants or tricyclics has been helpful
in some patients.

Therapy

Although multiple sclerosis remains incur-
able, therapies that can significantly alter
the disease course in the relapsing form of
multiple sclerosis have become available
over the past several years. With the intro-
duction of interferon beta-1b, interferon
beta-1a, and glatiramer acetate the clinical
deterioration and MRI progression of the
disease may be slowed.

Interferon beta-1b has been shown to
reduce the incidence of relapse by 34%,
increase the percent of relapse-free pa-
tients, decrease the number of days of hos-
pitalization in the treated group, and
showed a trend in favor of delayed pro-
gression in the treated population.49,50 In-
terferon beta-1b's effect on disease activity
was remarkable as exhibited by MRI. A
90% decrease in disease activity was mea-
sured by detecting new lesions and ex-
panding old lesions with T2-weighted
cranial MRIs.51 Another study using inter-
feron beta-la was reported in 1995.52 In
addition to a significant effect on the re-
lapse rate, this study demonstrated a sta-
tistically significant slowing in the pro-
gression of disease as measured by the
expanded disability status scale (EDSS).
Although a different MRI analysis strategy
was pursued in this study, again a substan-
tial effect on brain MRI disease activity
was seen.52,53

Significant flu-like symptoms (fever,
myalgia, and fatigue) may accompany ini-
tial treatment with these agents. Clinical
experience has shown that tolerability of
these agents in the first three months can
be substantially enhanced by starting at a
fraction of the usual dose and slowly esca-
lating the dose over six to eight weeks. In
addition, the generous use of antipyretics,
such as acetaminophen or ibuprofen, has
also been found to significantly increase
the tolerability of interferon beta thera-
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pies. Treatment with interferon beta-1b is
occasionally complicated by local skin re-
actions, including rare skin necrosis.49-51

Recently the FDA approved the use of
glatiramer acetate, previously known as
copolymer-1, for treatment of multiple
sclerosis.54 This is a synthetic polypeptide
made up of four amino acids originally
synthesized as an analogue of myelin basic
protein. It has been shown to suppress the
development of experimental allergic en-
cephalomyelitis (EAE) in rodent and pri-
mate species regardless of whether the dis-
ease was induced by myelin basic protein
(MBP), proteolipid protein (PLP), myelin-
oligodendrocyte associated glycoprotein
(MOG), or spinal cord homogenate. A
small study performed by Bornstein et al.
revealed a 75% decrease in relapse rate in
patients with relapsing-remitting multiple
sclerosis as a result of treatment with glati-
ramer acetate.55 A subsequent small study
on progressive forms of MS showed a
trend in favor of treatment, but it was sta-
tistically insignificant.56 More recently, a
multicenter clinical trial has shown a sig-
nificant effect of glatiramer acetate on re-
lapse rate (29%) and on disease progres-
sion as measured by the EDSS.57 This
latter effect is comparable to that seen in
the interferon beta-1a studies, and it is
particularly notable in the three year ex-
tension study.57 An adequately powered
MRI study of the effects glatiramer acetate
in MS patients has yet to be reported.

Skin reactions, particularly acute hyper-
sensitivity and delayed-type hypersensi-
tivity reactions, are common with this
medication but are rarely of clinical signif-
icance. In the clinical study, 15% of treated
patients reported at least one of a constel-
lation of symptoms often referred to as
postinjection reaction. Symptoms include
chest tightness, shortness of breath, pal-
pitations, lightheadedness, and erythro-
derma immediately after injection of the
medication. The symptoms usually last 2
to 15 minutes and have not been associ-
ated with significant medical complica-
tions to date. The mechanism responsible
for this reaction is not well understood,
but it may be due to accidental intravascu-
lar injection of the medication, leading
to the sudden degranulation of mast

cells and basophils. This is only specula-
tion.54,57

Acute relapses of multiple sclerosis re-
spond to high-dose intravenous methyl-
prednisolone treatment. More recent
studies have suggested that similar doses
of oral methylprednisolone are as effective
as the intravenous formulations.58

Intravenous gamma globulin has been
reported to effectively decrease the num-
ber of relapses and possibly alter the
short-term course of a relapse in patients
with multiple sclerosis.59-61 Relatively low
doses (200mg/kg) were used. The continu-
ally sparse supply of this agent has limited
its usefulness in the management of multi-
ple sclerosis.

Devic's Disease
(Neuromyelitis Optica)

Devic's disease (neuromyelitis optica) has
been considered by different authors to be
a variant of multiple sclerosis, a form of
acute disseminated encephalomyelitis, or
a distinct disorder. It is characterized by
involvement of the spinal cord (usually, al-
though not invariably, in the thoracic re-
gion) and the optic nerve(s) or chiasm.62,63

Devic's disease is characterized pathologi-
cally by a greater degree of axonal degen-
eration than is usual in multiple sclerosis.
The spinal cord can present a frankly
necrotic picture, in some cases leading to
cavitation, which is also atypical for MS.

Spinal cord and optic nerve/chiasm in-
volvement occur almost simultaneously.
While optic neuritis and spinal cord in-
volvement can occur together in cases of
multiple sclerosis, Devic's disease presents
a distinct constellation characterized by
presentation at the extremes of age (be-
fore 10 and after 50 years of age). The
CSF is characterized by a pleocytosis,
which is often associated with an increase
of protein of up to 200 mg per deciliter.

Clinical presentation reflects the sites of
pathology. Thus, unilateral or bilateral
visual impairment is followed within days
or weeks by a transverse or ascending
myelitis. Visual impairment often pro-
gresses rapidly, over the course of several
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hours. Paraparesis or paraplegia, together
with a sensory level, develop with a similar
rapid time course. In some cases, tempo-
rary remissions are followed by worsen-
ing. As would be expected from the necro-
tizing character of the lesions, remission is
less likely than in typical cases of multiple
sclerosis. Nevertheless, in several cases
there have been claims of nearly total re-
covery.

ACUTE NECROTIZING
MYELITIS

This rare disorder clinically presents as an
acute or subacute transverse myelopa-
thy.3,64 Thus motor, sensory, and sphincter
paralysis evolve over a matter of hours or
days. Occasionally, the optic nerves may
be involved.5 Sensory disturbances tend to
be more prominent early symptoms than
are motor complaints.15 Motor weakness
rapidly evolves into an areflexic, flaccid
paralysis. Some patients report a prior in-
fectious illness, usually an upper respira-
tory infection.15

Acute necrotizing myelitis is distin-
guished from the other forms of myelitis
above by its distinctive pathological find-
ings.15 The CSF demonstrates evidence
of inflammation. Pathological characteris-
tics include perivenous demyelination and
diffuse necrosis of all spinal cord ele-
ments.15 The appearance of the acute lesion
of necrotizing hemorrhagic myelitis resem-
bles necrotizing hemorrhagic leukoen-
cephalitis.5 The rostrocaudal extent of the
lesions may involve several segments.
Acutely, the spinal cord may be swollen, but
eventually atrophy supervenes. Potentially,
these gross pathological findings may be
seen with imaging studies such as MRI.

VIRAL MYELITIS

Most viruses that invade the spinal cord
demonstrate a predilection for gray mat-
ter with relative sparing of white matter.
Viral myelitis may be distinguished by the
location of spinal cord damage. For exam-

ple, anterior horn cell damage is due to
the poliomyelitis virus,65 and posterior
horn cell disease occurs as a result of infec-
tion by herpes zoster.

With the notable exceptions of human
T-cell leukemia/lymphoma virus (HTLV)-
1 myelopathy and AIDS myelopathy, the
white matter tracts are characteristically
spared in comparison with the major clini-
cal and pathological involvement of the
gray matter. This observation is important
in distinguishing viral myelitis from other
causes of myelopathy. For example, in
cases of neoplastic or nonneoplastic spinal
cord compression, white matter dysfunc-
tion is often a predominant finding. Fur-
thermore, in cases of inflammation of the
spinal cord where white matter tracts bear
the brunt of involvement, one should ini-
tially consider causes other than viral
myelitides (such as parainfectious and
postvaccination myelitides, multiple scle-
rosis, and paraneoplastic myelopathy). In
addition, involvement of multiple roots, as
may occur with sacral radiculitis due to
herpes simplex type 2, may be difficult to
differentiate from myelopathy or conus
medullaris involvement. The major clini-
cal features of viral myelitis that are im-
portant in the differential diagnosis of
spinal cord compression are discussed be-
low.

Acute Anterior Poliomyelitis

Acute anterior poliomyelitis is a febrile ill-
ness associated with flaccid motor weak-
ness or paralysis and signs of meningeal
inflammation.66 Before there was polio
vaccine, epidemic paralytic poliomyelitis
was caused by one of three antigenic types
of poliovirus. (In areas where there has
not been widespread vaccination or where
it has lapsed, epidemic polio is, of course,
still a major threat.) Even where the vacci-
nation program has been successful, spo-
radic cases still occur.67-70 For example, in
the United States between 1969 and 1982,
208 cases of paralytic poliomyelitis were
reported.66,68,71 Although rare, the po-
liomyelitis virus has not been eradicated,
and one can expect occasionally to en-
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counter the clinical syndrome of acute
anterior poliomyelitis. Similar clinical
syndromes, usually milder, may be caused
by other enteroviruses, echoviruses, and
Coxsackie virus groups A and B.72-77

Only the most common spinal manifes-
tations of paralytic poliomyelitis will be
reviewed here. For a more complete
account, the reader is referred else-
where.67-71,78

CLINICAL AND LABORATORY
FEATURES

Most individuals with poliovirus infection
have no symptoms or mild gastrointestinal
or flu-like symptoms during the viremic
phase of the disease. If an effective im-
mune response is not mounted, aseptic
meningitis and/or paralytic poliomyelitis
may occur. The early spinal manifestations
of the disease are characterized by fever,
tenderness and spasm of the muscles,
headache, neck and back pain, and other
signs of meningeal irritation. Diffuse fasci-
culations of muscles may be present. Mo-
tor paralysis may occur abruptly, evolving
over hours to tetraplegia, or may show a
more indolent course over several days.
The pattern of weakness is usually asym-
metric and may, of course, involve bulbar
muscles as well as those innervated by
spinal motor neurons. Although hyper-
reflexia initially may be present, areflexia
usually develops as flaccid paralysis en-
sues. Sensory loss is rarely found, al-
though sensory complaints in the form of
dysesthesias and paresthesias may be pres-
ent. Transient urinary retention is seen in
50% of adults.66 Transient papilledema
lasting two to ten weeks is seen in 5% of se-
riously paralyzed cases.78

Although initially the CSF may be nor-
mal in 10% of cases, it typically shows signs
of inflammation: pleocytosis, elevated pro-
tein, normal sugar levels, and normal
pressure. The CSF white cell counts may
exceed 2500; initially, the spinal fluid
mostly contains polymorphonuclear cells,
but later it evolves to contain primarily
lymphocytes. The spinal fluid protein
does not usually rise above 150 mg per
deciliter. However, in cases associated with

papilledema, the protein may be much
higher and persist for several months.78

DIFFERENTIAL DIAGNOSIS

The syndrome of acute poliomyelitis from
poliovirus must be distinguished from a
variety of other paralytic diseases. Acute
polyneuritis (Guillain-Barre syndrome)
usually presents with symmetric areflexic
weakness and no meningeal signs, fever,
or signs of systemic illness; sensory
changes are often present. Furthermore,
the CSF in Guillain-Barre syndrome ex-
hibits increased protein but rarely shows
significant pleocytosis.

Epidemic neuromyasthenia (Iceland dis-
ease, benign myalgic encephalomyelitis) is
an obscure illness with a clinical syndrome
similar to that of poliomyelitis. It usually
occurs in outbreaks in residential commu-
nities or in hospitals during the summer
months.66 It is characterized by fever,
headache, and aching muscles. Muscle
paresis develops in 10% to 80% of cases
but, unlike the weakness seen in po-
liomyelitis, there is no muscle atrophy,
and preserved reflexes or hyperreflexia
rather than hyporeflexia is the rule.66 Sen-
sory complaints are often reported. Brain-
stem signs, emotional instability, and uri-
nary retention also may be found.66,78 The
CSF is usually entirely normal. The
causative agent of neuromyasthenia is un-
known.66

Although usually less severe, the clinical
syndrome of anterior poliomyelitis caused
by the enteroviruses, echoviruses, and
Coxsackie viruses is clinically indistin-
guishable from that caused by the po-
liomyelitis virus.78 In areas where polio
vaccination programs have all but eradi-
cated this disease, these enteroviruses are
responsible for the majority of cases of
paralytic poliomyelitis syndrome.66 Be-
cause the clinical and spinal fluid findings
are similar, differentiation must be made
on the basis of virus isolation or serologi-
cal studies. With rare exception (e.g., Cox-
sackie A7 and some other enteroviruses),
most cases of nonpolio enteroviral po-
liomyelitis do not occur as epidemics.66,77

A polio-like syndrome also has been re-
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ported secondary to mumps virus,79 infec-
tious mononucleosis,80 and rabies virus.81,82

POSTPOLIOMYELITIS SYNDROME

Many years following an attack of acute
paralytic poliomyelitis, a slowly progres-
sive syndrome of muscle weakness that has
been termed the postpoliomyelitis syn-
drome may develop.83-86 Because it has
been estimated that 25% of patients with
antecedent paralytic poliomyelitis will de-
velop this late sequela,87 nearly 60,000 in-
dividuals in the United States are at risk to
develop this syndrome. The weakness,
which is of a lower motor neuron type, is
often most prominent in the areas of origi-
nal paralysis. It is associated with fatigue
and pain. The lack of upper motor neu-
ron signs distinguishes this disease from
amyotrophic lateral sclerosis.66

Recent pathological studies of spinal
cords from patients with prior po-
liomyelitis (mean 20 years prior to au-
topsy) have been performed.88 The
histopathological findings in those suffer-
ing from the postpoliomyelitis syndrome
did not differ from those without the syn-
drome. In both settings, there was evi-
dence of atrophy of motor neurons, severe
gliosis, and mild to moderate perivascu-
lar and parenchymal inflammation. The
pathogenesis of the disorder is uncer-
tain,66,88 although it is suggested that late
denervation of muscles previously rein-
nervated during the recovery phase from
paralytic poliomyelitis is involved in its
causation.89

Herpes Viruses

Herpes zoster, an acute viral infection in-
volving the dorsal root ganglia, may extend
into the spinal cord to cause a posterior
horn myelitis at one or several cord seg-
mental levels. In addition, segmental
(radicular) weakness at the level(s) of sen-
sory involvement as a result of anterior
horn inflammation is a relatively frequent
finding.90,91 More rarely, a zoster-associated
myelitis involving ascending and descend-
ing white matter tracts may occur.92

Among 1210 cases of herpes zoster seen at

the Mayo Clinic over a nine-year period,
only one case of zoster-associated myelitis
was reported.93

The pathogenesis of zoster-associated
myelitis is uncertain.92 The mechanisms
suggested include direct viral invasion of
the cord,94 an associated vasculitis and
thrombosis15,95 or an immunologic parain-
fectious cause.96 Recently, de Silva and col-
leagues97 reported two immunocompro-
mised patients with zoster myelitis in
whom antiviral agents caused clinical im-
provement, leading these authors to con-
clude that, at least in immunocompro-
mised patients, myelitis reflects viral
invasion of the spinal cord. The develop-
ment of zoster-associated myelitis may
immediately follow cutaneous vesicular
eruption or may be delayed by several
weeks to months.92 There have also been
reports of cases with zoster radiculitis and
no vesicular eruption (zoster sine her-
pete).98,99 The neurological abnormalities
found on examination depend upon the
specific tracts involved. There may be pro-
gressive, relentless cord destruction with
an ascending myelopathy.94'95 The CSF
generally shows pleocytosis, elevated pro-
tein, and a normal glucose level. Virus
may sometimes be cultured from the CSF,
but this test is not invariably positive.97 An-
tibodies to VZV in the CSF may help ver-
ify the diagnosis. Recently, amplification
of varicella zoster virus DNA in CSF has
been reported as a diagnostic tool.97,100

The MRI findings may be unremarkable
or may reveal abnormal root and/or cord
intensity with enhancement.91,97,101

It is important to note that secondary or
symptomatic zoster15 may develop at a
segmental level of underlying spinal dis-
ease. Occasionally, patients with neoplastic
epidural spinal cord compression may
present with herpes zoster at the level of
metastasis.102 Thus, in diagnosing zoster-
associated myelopathy, one should con-
sider the possibility that another underly-
ing disease process is responsible for the
neurological deficit.

The optimal treatment for zoster-
associated myelitis is evolving. Because
virus has been isolated from the CSF and
spinal cords of some patients, the adminis-
tration of antiviral agents has been advo-
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cated.97 Both acyclovir and famcyclovir
have been associated with neurological
improvement.91,97

HTLV-1-Associated Myelopathy
and Tropical Spastic Paraparesis

Human T-cell lymphotropic virus type I
(HTLV-1), a retro virus, has recently been
implicated as the causative agent of a
slowly progressive myelopathy character-
ized by symmetric upper motor neuron
paresis, sphincter disturbances, and mild
sensory signs.103 In Japan, this myelopa-
thy was found to be associated with leuke-
mia-like cells in the blood and CSF. It has
been identified as HTLV-1-associated
myelopathy (HAM).104-107 In the tropics, a
progressive myelopathy with similar clini-
cal features has been recognized for many
years. It is called tropical spastic parapare-
sis(TSP).107-109

In 1985, Gessain and colleagues105 first
demonstrated antibodies to HTLV-1 in 10
of 17 Caribbean patients clinically diag-
nosed with TSP. In Martinique, 78% of pa-
tients with TSP are seropositive for HTLV-
1 (4% of the general population is
seropositive).107 The link between HTLV-1
infection and TSP was further confirmed
when the virus was isolated,110 and viral
DNA was amplified from neural tissues
of patients with TSP.111,112 Patients with
myelopathy found to be seropositive for
HTLV-1 usually have antibodies in both
the serum and CSF.103,107,111 The retrovirus
HTLV-1 also has been found to be associ-
ated with acute T-cell leukemia.106,113,114

HTLV-I infection can be transmitted by
sexual intercourse, intravenous drug use,
breast feeding, or transfusion.115

The neuropathology of HAM/TSP re-
veals demyelination in the lateral and dor-
sal tracts, some axonal loss, and variable
amounts of vacuolization and inflamma-
tion where the proviral DNA may be am-
plified.116-118 The lateral columns are
most severely affected.119 Although
myelopathy has been estimated to occur
in less than 1% of infected individuals,115,120

a recent study121 of HTLV-1-infected
blood donors revealed clinical signs of

HAM in four of 166 HTLV-1 subjects
(2.4%). The incubation period before
developing myelopathy is variable but
has been reported as early as 18 weeks af-
ter infection.122 Alternatively, years may
elapse between infection and the develop-
ment of myelopathy.120 Occasional pa-
tients may develop both adult T-cell leuke-
mia and HAM/TSP.109,115

The pathogenesis of HTLV-1/TSP
myelopathy is obscure but has been sug-
gested to be immunologically mediated.123

Various mechanisms of neurological in-
jury have been recently discussed.120

These include (7) a cytotoxic hypothesis,
which predicts that infected CD4 T cells
migrate into the CNS and infect cells,
paving the way for cellularly mediated cy-
totoxic demyelination; (2) an autoimmune
hypothesis, in which the target is an anti-
gen in the CNS, such as occurs in exper-
imental autoimmune encephalomyelitis;
and (3} the bystander hypothesis, in which
there is not a specific CNS antigen but
rather an interaction between interferon-
gamma-secreting HTLV-1-infected CD4 T
cells and virally specific CDS T cells, which
induces cytokine release. Cytokines such
as tumor necrosis factor (TNF)-alpha are
toxic to myelin. Tumor necrosis factor re-
ceptor has been demonstrated in the CSF
of afflicted patients, suggesting immune
activation is necessary for disease patho-
genesis.124 With the increase in frequency
of individuals seropositive for HTLV-1,
HTLV-1-associated myelopathy may be
encountered more frequently in the
United States.125 Some patients have been
reported to be dually infected with the
AIDS virus (HIV-1) and HTLV-1.126 Since
HIV-1 can also cause a myelopathy, clini-
cal distinction may be difficult.

Another human retrovirus, HTLV-2,
has been discovered, although the spec-
trum of disease is not fully understood.
Lehky and colleagues127 recently reported
the findings of four patients infected with
HTLV-2. These investigators found that
the clinical and immunologic features re-
semble those found in HTLV-1-associated
myelopathy patients. In a study121 of 404
HTLV-2-infected blood donors, one (0.25%)
demonstrated clinical signs of HAM (See
Table 8-1).
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CLINICAL FEATURES

The clinical presentation of HAM is usually
progressive lower extremity weakness, of-
ten associated with lumbar or thoracic pain
with or without lower extremity discom-
fort. Paresthesias are common, but promi-
nent sensory disturbances are unusual.
Bladder dysfunction is common. Signs and
symptoms are usually bilateral and sym-
metric, but may also be asymmetric. Al-
though weakness usually involves the legs
more prominently than the arms, spasticity
is typically found in all extremities. The
course evolves over several months in most
patients, but may occasionally be less than
one month.107 Most patients in recent se-
ries are women.103,107,109 The CSF usually
shows an inflammatory profile, with ele-
vated protein, oligoclonal bands, pleocyto-
sis, and HTLV-1 antibody.128 Table 8-4 121
demonstrates the epidemiologic, clinical,
and laboratory data on four HTLV-1 cases
and one HTLV-2 case identified at the time
of blood donation. The clinical and epi-
demiologic features have been reviewed.115

Since the neuropathological features of
HAM involve the white matter, it is not
surprising that the MRI findings for HAM
and multiple sclerosis are similar.119,129

Godoy and colleagues129 found a similar
MRI appearance of brain lesions in
patients with HAM/TSP and remitting re-
lapsing multiple sclerosis, which sug-
gested to these authors that demyelina-
tion is operative in the pathogenesis of
HAM/TSP. An alternative comparison of
MRI findings in the brains of patients with
HAM and patients with multiple sclerosis
has been reported by Kuroda and col-
leagues.130 These authors found white
matter lesions in the brains in 30 of 36
(84%) HAM patients; however, they felt
these lesions were different from those
seen in MS patients as defined by the crite-
ria of Paty.24 None of the patients with
HAM had intracranial lesions below the
tentorium. There have been few studies of
the MRI spinal cord appearance of pa-
tients with HAM. Those that have been
done reveal normal cord. Sometimes atro-
phy of the cord may be found.115,119,121,130

Lower limb somatosensory-evoked po-
tentials have been studied in patients with

HAM/TSP.131 Among 96 such patients in
one series, the central sensory conduction
time (CSCT) was abnormal in 42 patients.
Furthermore, there was a high correlation
between the CSCT results and disability
score. In some patients with normal sen-
sory function, a delayed CSCT was found,
suggesting that subclinical lesions of the
spinal cord can be identified. This tech-
nique has the potential to provide a quan-
titative measure of disease progression or
response to therapy.

THERAPY

Therapy of HAM/TSP remains unsatisfac-
tory. Most of the therapeutic approaches
have been based on the premise that anti-
inflammatory agents might prevent the
progression of the disease. Accordingly,
corticosteroid therapy has been tried, and
it may be temporarily effective in some pa-
tients. In patients treated with corticoste-
roids, the HTLV-1 antibody titers and IgG
fall both in the serum and CSF, suggesting
that HTLV-1 antibody may be important
in the pathogenesis of the disorder. Alter-
natively, plasmapheresis, which may also
be a temporarily effective treatment, does
not lower the HTLV-1 antibody titer in the
CSF. These findings and the observation
that serum and CSF HTLV-1 antibody
titers do not correlate with disease severity
have cast doubt on the role of HTLV-1 an-
tibody in the pathogenesis of HAM.370 In
one large scale study of 200 patients
with HAM/TSP treated between 1986 and
1993, a variety of immunomodulating
agents were used such as prednisolone,
plasmapharesis and lymphocytapharesis,
and interferon alpha.132 The results of
this open-label study suggested that im-
munomodulatory therapies have some, al-
beit limited, beneficial results. Whether
the advent of specific antiretroviral ther-
apy will impact the disease is not known at
this time.

AIDS-Related Myelopathies

Patients with acquired immunodeficiency
syndrome (AIDS) may develop myelopathies
secondary to compression from infection
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Table 8-4. Epidemiologic, Clinical, and Laboratory Data on HAM Cases*

HTLV-I Cases

Variable

History
Age/sex at onset
Probable risk factor(s)

Estimated duration of
infection

Duration of symptoms

Neurologic Examination
Patellar reflex
Plantar response
MRI
Urologic diagnosis

Laboratory Evaluation
Cerebrospinal fluid

WBC cells/mm3

Protein (mg/dl)
HTLV-antibody titer:

serum/CSF
HTLV: albumin index
HTLV PCR (PBMC/CSF)

Case 1

46F
Sex with Caribbean

person, blood
transfusion

9-13 years

5 years

Extensor
Thin cervical cord
Spastic bladder

7
39
1:16,384/1:16

0.55
HTLV-l/HTLV-1

Case 2

58M
Sex with

Japanese
person

38 years

2 years

Extensor
Normal
Spastic bladder

3
41
1:65,536/1:256

0.78
HTLV-l/HTLV-1

Case 3

39F
Unknown

Unknown

5 years

Normal
Extensor
Normal
Spastic bladder

2
31
1:1,024/1:64

15.97
HTLV-l/HTLV-1

Case 4

30F
Breastfed by

Japanese
person

30 years

2 years

Extensor
Normal
Spastic bladder

N.A.
N.A.
N.A.

N.A.
HTLV-1/N.A.

HTLV-II Case

Case 5

42F
Drug injection with

shared needle,
with sex IVDU

0-14 years

1 year

Unreactive
Normal
Spastic bladder

1
28
1:320/1:20

17.45
HTLV-2/Neg

*From Murphy, EL, et al.,121 with permission.
Not available since lumbar puncture was not performed.
Ratio of the CSF/serum antibody titer divided by the ratio of the CSF/serum albumin concentration. Values greater than 2.0 were deemed to represent intrathecal syn-

thesis of HTLV antibodies.



282

or neoplasm, or induced by infection with
the human immunodeficiency virus or
other infectious diseases.133-135/136 Whereas
in adults with AIDS, vacuolar myelopathy
may lead to a progressive myelopathy, in
pediatric patients bilateral corticospinal
tract degeneration may occur with a dis-
tinct histopathology.61 Such children may
develop progressive quadriparesis.

Vacuolar myelopathy137,146 may occur in
patients with AIDS and is often seen in pa-
tients with AIDS-related dementia135/136

(Figs. 8-3 and 8-4). The lateral and poste-
rior columns of the thoracic spinal cord
appear to be predominantly affected.146

Histopathological features are similar to
those of subacute combined degeneration
of the spinal cord secondary to vitamin B12
deficiency. Tan et al.138 have suggested
that a cellular deficiency in B12 might be
pathogenetic as a result of increased de-
mand for the vitamin. Furthermore, while
earlier studies suggested that direct viral
invasion is involved in the pathogenesis of
this disorder,135/136,139,140 more recent in-
vestigations using immunohistochemistry
and in situ hybridization found that va-
cuolar myelopathy occurred independent
of productive HIV-1 infection in the
spinal cord.134,141 Kamin and Petito142

have shown that the pathological features
of vacuolar myelopathy may occur in pa-
tients with other immunodeficiency states.
Macrophages and microglia found within
vacuoles may play a role in pathogenesis
by releasing cytokines which are toxic to
myelin.143-145 HIV-1 may play a role in ac-
tivating the inflammatory cells.

The most common clinical manifesta-
tions of vacuolar myelopathy are progres-
sive spastic paraparesis, incontinence, and
ataxia.146 When peripheral neuropathy is
also present, the deep tendon reflexes
may be absent and there may be distal sen-
sory loss and/or paresthesias. Of the 20 pa-
tients in one study,146 dementia was pres-
ent in 14 (70%). Other HIV-1-associated
myelopathies that have been reported in-
clude acute myelopathy occurring at the
time of initial infection,146,147 spinal
myoclonus,148 and a remitting-relapsing
myelopathy.149 Because compressive myelo-
pathies may clinically resemble vacuolar
myelopathies, MRI and/or myelography is

Figure 8-3. Vacuolar myelopathy shown in a patient
with AIDS. The lower thoracic spinal cord (B) is most
severely affected, with marked, confluent vacuolation
of the posterior and lateral columns. The upper tho-
racic (A) and lumbar (C) spinal cord areas are less se-
verely involved. Hematoxylin-eosin stain, X 7.92.
(From Petito, CK, et al.,146 p. 876, with permission.)

usually performed in such patients before
a diagnosis is made.140 In a postmortem
MR study of spinal cords affected by vacu-
olar myelopathy, Santosh et al.150 reported
that with proton-density and T2-weighted
images, increased signal from the affected
white matter tracts, usually with a symmet-
ric pattern, was found.
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Figure 8-4. A 1-um plastic-embedded section of the lateral column of a patient with moderately severe AIDS-
related vacuolar myelopathy. Vacuoles surrounded by thin myelin sheaths are shown. Two vacuoles contain
lipid-laden macrophages (short arrows). A few myelin sheaths show intramyelin swelling (long arrows). Tolui-
dine blue stain, X 1085. (From Petito, CK, et al.,146 p. 877, with permission.)

In addition to vacuolar myelopathy, pa-
tients with AIDS are at risk to develop a
variety of infections that damage the
spinal cord.I35/136,151 Herpes simplex types
I and II and varicella-zoster virus have
been found to cause myeloradiculopathies
in patients with AIDS.135/136,152,153 Cy-
tomegalovirus (CMV) also has been re-
ported to cause an ascending myelitis and
radiculomyelitis.134,154,155

Clinically, CMV radiculomyelitis often
presents with cauda equina dysfunction
manifested as back and radicular pain,
sphincter disturbance, and areflexic leg
weakness. An ascending myelitis may oc-
cur, and the brain may ultimately be in-
volved. The CSF characteristically shows
an inflammatory profile with polymor-
phonuclear pleocytosis, low sugar, and
high protein.156 A CSF virologic culture
may reveal the organism.157,158 Imaging of
the spine may reveal abnormal enhance-
ment101 or thickened nerve roots, or
be normal.159 Some reports suggest that

patients with neurologic CMV infection
may respond to the antiviral agent ganci-
clovir;156,157,160 however, this has been ques-
tioned.161 Mycobacterial meningomyelitis
and spinal toxoplasmoses are other identi-
fiable CNS infectious complications of
AIDS. 162,163 Intramedullary tuberculoma
has also been reported in one patient.164

Herpes simplex myelitis has been re-
ported.152 Toxoplasmosis, which is com-
monly present in the brains of patients dy-
ing of AIDS, can occasionally affect the
cord.165,166 Syphilis may also affect the
central nervous system in patients with
AIDS.167

Herpes zoster radiculitis is common in
patients with AIDS, but zoster-associated
myelitis has also been reported occasion-
ally. Devinsky and colleagues168 described
a patient who developed flaccid paraple-
gia several days after rash. Chetrien et
al.169 described a fatal case of ascending
necrotizing meningomyeloradiculitis with-
out rash. Imaging may show a swollen
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cord. Antiviral agents have been reported
to be beneficial in some cases.97

In addition to direct viral invasion of
the spinal cord by opportunistic infec-
tions, patients with AIDS suffer from poor
nutrition and toxic and metabolic de-
rangements that may be responsible for
some cases of myelopathy.134,135/136 Finally,
these patients also have an increased risk
of primary CNS lymphoma and other sys-
temic neoplasms that may cause spinal
cord compression.137,170,171

SPIROCHETAL DISEASE OF
THE SPINAL CORD

Syphilis

Syphilis has been a major public health
problem that again appears to be increas-
ing in incidence with the development of
AIDS.172 In a recent study of HIV-infected
and HIV-noninfected patients, Treponema
pallidum, the cause of syphilis, was found
in the CSF of 30% of patients with primary
or secondary syphilis.173 The importance
of syphilis in the evaluation of spinal cord
disease was best expressed by Merritt et
al.174 (page 144), who wrote, "In summary,
it should be said that with the combination
of chronic meningitis, arterial disease, and
granuloma formation, it is not surprising
that almost every conceivable cord disease
may be simulated clinically by spinal
syphilis."

CLINICAL AND LABORATORY
FEATURES

The spirochete Treponema pallidum usually
invades the CNS, resulting in an acute
syphilitic meningitis during the secondary
stage of the disease.15,174 Following a latent
period of variable duration, the tertiary
stage, characterized first by meningovas-
cular syphilis and then parenchymal
syphilis, may occur. Pathologically, the
meningovascular form is an arteritis, the
location of which determines the clini-
cal neurological manifestations.174 Clinical
syndromes of spinal cord involvement
from the meningovascular disease may
be classified as syphilitic meningomyelitis,

syphilitic pachymeningitis, syphilitic spas-
tic paraplegia (Erb's spastic paraple-
gia), and syphilitic amyotrophy.15 Among
these meningovascular forms, syphilitic
meningomyelitis is the most common.15 It
is characterized pathologically by a granu-
lomatous involvement of blood vessels
called, Heubner's arteritis. As mentioned,
the clinical syndromes are secondary to
the areas of the spinal cord that are in-
farcted. Thus, patients may present with a
Brown-Sequard syndrome or an ante-
rior spinal artery syndrome. Alternatively,
scattered smaller infarctions may cause a
variety of other spinal presentations. In
cases of syphilitic pachymeningitis, the
pachymeninges and leptomeninges are
the site of granulomatous inflammation.
Some patients have only progressive spas-
tic paraparesis with preservation of sen-
sory function, which was formerly called
Erb's spastic paraplegia; this must be dif-
ferentiated from motor neuron disease
and familial spastic paraplegia. Syphilitic
meningovascular involvement also may
give rise to a syndrome of amyotrophy as a
result of nerve root involvement. This
may or may not be associated with spastic
paraplegia. Some authors question the re-
lationship between syphilitic pachymenin-
gitis and syphilitic amyotrophy.175

The parenchymal form of neurosyphilis
involving the spinal cord is tabes dor-
salis. More common than meningovascu-
lar forms of spinal syphilis,175 tabes dor-
salis is a parenchymal disease of the
nervous system secondary to invasion by
Treponema pallidum. Pathologically, changes
in the posterior roots, thickening of the
leptomeninges, and gliosis of the posterior
columns are typically seen15 (Fig. 8-5).
Dominant symptoms and signs are light-
ning pains, ataxia, urinary incontinence,
absent lower extremity deep tendon re-
flexes, and impaired vibratory and posi-
tion sensibilities in the lower extremities.
The ataxia is secondary to sensory distur-
bance. Argyll-Robertson pupils, constrict-
ing in accommodation but not to light,
also are typically present. Some patients
experience severe abdominal pain and
diarrhea.

Although the CSF is usually abnormal
in patients with neurosyphilis, some au-
thorities report that it may be entirely nor-
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Figure 8-5. Tabes dorsalis. Note the symmetric loss of myelin in posterior columns. (Courtesy of Dr. Lysia
Forno.)

mal by conventional testing in a significant
number of patients.176 Specific laboratory
findings and the clinical constellation of
neurosyphilis are discussed elsewhere in
detail.172,173,177-179

The following is a case illustration of a
syphilitic meningitis.

CASE ILLUSTRATION

A 34-year-old woman presented with a four-
week history of back and leg pain, followed by
headache and gait difficulty. There was also a
history of maculopapular rash during this pe-
riod, and night sweats. On physical examina-
tion, she had no adenopathy or splenomegaly
but did have maculopapular rash. Neurological
examination revealed papilledema on fundus-
copic examination and hypotonic lower ex-
tremity weakness (4/5) with depressed-to-absent
lower extremity reflexes. She had a waddling
gait due to proximal lower extremity weakness
and could not stand on her toes or heels. There
was slight sensory disturbance to touch and pin
over the right distal lower extremity.

An MR scan of the entire spine with gadolin-
ium showed enhancement of the cauda equina
and clumping or nodularity of the nerve roots.
A lumbar puncture demonstrated an opening
pressure of 340 mm, with a CSF pleocytosis,
protein 85 mg per deciliter, glucose 50 mg per

deciliter, and positive VDRL. The serum
VDRL was positive, as was the serum FTA-
ABS. The CSF IgG was 38 mg per deciliter
(normal <5 mg per deciliter) and oligoclonal
bands were present. The skin lesions were
biopsied and showed perivascular plasma cells
highly suggestive of spirochetal infection. A di-
agnosis of secondary syphilis with syphilitic
meningitis was made, and the patient showed
neurological recovery following high-dose in-
travenous penicillin.

Comment. This case illustrates a rare neuro-
logical manifestation of syphilitic meningitis.
This patient had evidence of increased in-
tracranial pressure and a cauda equina syn-
drome caused by syphilis. The MRI was done
without and with gadolinium to look for lep-
tomeningeal enhancement because the pa-
pilledema and cauda equina syndrome were
considered suspicious for meningeal involve-
ment. Although this clinical constellation of
multifocal involvement of the CNS is often
found in leptomeningeal cancer,180 it is clear
that other forms of chronic meningitis may
cause a similar clinical picture.

THERAPY

Specific recommendations regarding the
treatment of neurosyphilis are controver-
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sial and beyond the scope of this book. Ac-
cordingly, only general principles will be
mentioned. Although there is general
agreement that penicillin is the drug of
choice for neurosyphilis, there is consid-
erable controversy over the form and
dosage.173,176 Both intravenous aqueous
crystalline penicillin G and intramuscular
procaine penicillin plus probenecid have
been recommended.181,182 Despite these
recommendations, subtreponemicidal lev-
els of penicillin are found in the CSF of
patients treated with benzathine peni-
cillin,179 and the adequacy of benzathine
and procaine penicillin regimens has been
questioned.172 Furthermore, patients with
coexistent HIV infection appear to be
at increased risk for treatment failure182

Careful neurological follow-up is impor-
tant to determine the efficacy of therapy.
Repeated CSF examinations following
treatment are recommended to verify im-
provement of the CSF parameters.175,179

Lyme Disease

Lyme disease is caused by the spirochete
Borrelia burgdorferi, which is transmitted by
ticks and other arthropod vectors.183-185

Lyme disease recently has been recog-
nized to lead to a wide variety of neurolog-
ical complications.185-187 Although the dis-
ease's clinical manifestations have been
classified in three stages, many patients do
not demonstrate symptoms or signs of all
three.178

The first stage of the disease often be-
gins soon after infection and consists of a
flu-like illness associated with erythema
chronicum migrans, the characteristic skin
lesion. The second stage usually begins
within a few weeks to months of infection
and may include neurological and/or car-
diac involvement. As in the case of
syphilis, it is during this secondary stage
that the central nervous system may be
seeded. In a study of patients with an
acute disseminated infection of B. burgdor-
feri, invasion of the central nervous system
was found in 8 of 12 cases by CSF analy-
sis.188 When neurological involvement oc-
curs during the secondary stage, there is
often evidence of meningitis, cranial neu-

ritis, radiculitis, and/or peripheral neu-
ropathy.178 The third stage, which may
commence within several months to years
after the initial infection, is often mani-
fested as arthritis. However, neurological
involvement may dominate this stage and
the spinal cord may be the primary or sole
site of clinical involvement.189

A demyelinating disease resembling
multiple sclerosis and a variety of neu-
ropsychiatric syndromes have been re-
ported during the third stage,178,187,190 of
Lyme disease. However, recent studies
have challenged the etiologic role of B.
burgdorferi in the development of symp-
toms resembling multiple sclerosis.191-193

Rarely, transverse myelitis also has been
reported to dominate the neurological
picture in late Lyme disease.178 Acute
transverse myelitis occasionally may occur
as a presenting neurological manifestation
of Lyme disease during the secondary
phase of the disease and in association
with meningitis.194-196

In many geographical areas, Lyme dis-
ease is very common and serum im-
munoreactivity against B. burgdorferi is
widespread. Thus, it may be difficult to
determine confidently whether a specific
neurological disorder is due to Lyme dis-
ease. In an attempt to identify CNS disor-
ders due to Lyme disease, researchers
have reported that intrathecal produc-
tion of specific antibodies appears to
be a marker for active CNS involve-
ment.192,197,198 Because intrathecal anti-
body to B. burgdorferi has been found in
only approximately 40%-50% of North
American patients with late central ner-
vous system involvement,193,197 other labo-
ratory techniques have been sought. De-
tection by PCR of B. burgdorferi in the
central nervous system of patients with
CNS involvement has yielded conflicting
results. In one recent study, B. burgdorferi
DNA was detected in the CSF in 6 (38%) of
16 patients with acute neuroborreliosis
and in 11 (25%) of 44 with chronic neu-
roborreliosis.199 An MRI of the spine may
show intramedullary abnormalities and
abnormal contrast enhancement of the
cord and/or roots.101

As in the case of syphilis, patients with
CNS involvement may respond to antibi-
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otic therapy.178,190,194 Ceftriaxone and
penicillin have been used.192,200

TOXIC MYELOPATHIES

Myelopathies may occur secondary to
toxic exposures. In many cases, the symp-
toms and signs of myelopathy are over-
shadowed by those of other organs af-
fected. For example, although lead may
cause a myelopathy, its toxic effect on
the brain in children, and on peripheral
nerves in adults, may be far more promi-
nent findings. This section lists some of
the more commonly encountered causes
of toxic myelopathies. As further experi-
ence is gained with other substances, this
list is expected to lengthen.

Orthocresyl Phosphate

Orthocresyl phosphates, which are used as
industrial solvents, are highly toxic to the
central and peripheral nervous system
when ingested.201 During the era of Prohi-
bition, jake paralysis, an acute peripheral
neuropathy secondary to the ingestion of
ginger jake adulterated with triorthocresyl
phosphate, was seen.78 More recently, out-
breaks have occurred when olive oil was
contaminated with lubricating oil contain-
ing triorthocresyl phosphate.202 The clini-
cal picture is usually that of an acute
peripheral neuropathy developing over a
period of weeks, accompanied or followed
by myelopathy. On pathological inspec-
tion, Wallerian degeneration is seen of
both peripheral and central nervous sys-
tem fibers.15,203

Myelopathy Following Aortography

On rare occasions, aortography contrast
injection of the aorta has been followed
by myelopathy.204,205 The mechanism of
pathogenesis is uncertain and in some
cases it could be secondary to embolic in-
farction or vasospasm of the spinal cord; in
other instances, the contrast material was
considered toxic to the spinal cord.15,78

This type of myelopathy may present im-

mediately as spasms in the lower extremi-
ties during the injection of contrast mater-
ial.206 The patient may have a sensory
level and loss of bowel and bladder func-
tion, as well as a flaccid paraplegia.78

When due to anterior spinal artery infarc-
tion, posterior column function (position
and vibration) may be spared.

Lathyrism

Lathyrism, a disease most often encoun-
tered in India and North Africa, is a rela-
tively acute neurological syndrome of
pain, sensory complaints, and weakness of
the lower extremities that evolves into an
ataxic, spastic paraplegia. (Lathyrism has
been considered a cause of tropical spastic
paraparesis.207) On pathological inspec-
tion, the anterior and lateral columns re-
veal degeneration.208,209 Its specific etiol-
ogy and pathogenesis have not been
elucidated, but it is considered secondary
to consumption of vetches such as Lathyrus
sativas.15

Myelopathy Due to Intrathecal
Agents

Myelopathy may follow the injection of a
variety of agents into the subarachnoid
space. Penicillin, which was frequently ad-
ministered intrathecally in the past, may
cause radiculitis, arachnoiditis, and trans-
verse myelitis.78,210-212 In the past, methyl-
ene blue was injected into the subarach-
noid space to detect sites of CSF leak.78

This compound was found to cause a
myelitis and radiculitis, apparently with-
out arachnoiditis.213,214

SPINAL ANESTHETICS

Although the frequency of this complica-
tion varies widely, both acute and delayed
myelopathies have been reported to occur
following the administration of spinal
anesthetics.215-218 Pathogenesis is unknown
and has been considered secondary to
the anesthetic219 to contaminants such as
phenol or detergents within the anesthet-
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ics.217,220 In patients with acute myelopa-
thy, paralysis may occur immediately fol-
lowing spinal anesthesia. On pathological
examination, the spinal cord has been re-
ported to show softening, petechial hem-
orrhages, and inflammatory cells.217,221,222

INTRATHECAL CHEMOTHERAPY

Both acute and delayed myelopathy have
been reported following the intrathecal
administration of methotrexate, cytosine
arabinoside, and thiotepa.223-227 Myelopa-
thy may occur between 30 minutes and 48
hours (or, occasionally, up to 1 to 2 weeks)
following administration.228 Clinical pre-
sentation often is associated with leg pain,
paraplegia, sensory level, and neurogenic
bladder.224,228,229 Improvement of the
myelopathy, which can be partial or com-
plete, may occur within days to months
following its onset, or it may be perma-
nent.228

Myelopathy may occur due to either in-
trathecal chemotherapy for the treatment
of malignant leptomeningeal disease or
prophylactic therapy. It appears to be
unrelated to the administration of other
systemic drugs or CNS irradiation.80 Its
pathogenesis is unknown but may be sec-
ondary to demyelination or another toxic
phenomenon.225

Spinal Arachnoiditis

Spinal arachnoiditis is an uncommon dis-
order in which a nonspecific inflammatory
reaction of the leptomeninges and fibrosis
cause both root and spinal cord symptoms
and signs. Although the etiology of the
inflammatory reaction often is never un-
covered, spinal arachnoiditis may occur
secondary to intrathecal administration
of contrast material (especially oil-soluble
contrast media), antibiotics, and other
agents, as well as trauma and spinal sur-
gery.230-232

On pathological examination of the
spinal cord and meninges, fibrosis may be
widespread along the neuraxis, or it may
be more circumscribed.15 The spinal sub-
arachnoid space may be obliterated from
the process.233 There may be a predilec-

tion for the thoracic spine. In addition,
there may be loculated cystic areas that
cause spinal cord and root compression.
Although the pathogenesis of neurological
dysfunction may be secondary to compres-
sion in some cases, vascular disturbances
secondary to arachnoiditis also may
occur,15 and syringomyelia may result.233a

The clinical presentation of spinal
arachnoiditis is most commonly that of
multifocal spinal disease manifested by a
combination of radicular and/or spinal
cord symptoms and signs. Neuropathic
pain, which may be burning and distrib-
uted in one or several spinal roots, is a
common presenting symptom. Weakness
of a lower motor neuron type may be seen,
especially in cases with cauda equina in-
volvement.5 In patients with lumbosacral
arachnoiditis, the straight-leg-raising sign
is frequently positive, and neck flexion
may cause pain in the lower extremities. If
the spinal cord becomes involved, a pro-
gressive myelopathy with features of spas-
ticity and ataxia may ensue.

The CSF is nearly always abnormal, and
elevation of protein and pleocytosis are
common. It may show oligoclonal
bands.24,234 Myelography with or without
follow-up CT scanning usually reveals a
characteristic appearance.235,236 Patients
with arachnoiditis may be sensitive to the
administration of intrathecal contrast ma-
terial, which may cause further irrita-
tion.78,235 Tethered and clumped nerve
roots and distortion of the thecal sac may
be seen on noncontrast MRI studies.237,238

Using gadolinium-DTPA, enhancement has
recently been seen in some cases.239 Sev-
eral studies have shown the value of con-
trast-enhanced MRI in evaluating arach-
noiditis.239a-d

The management of spinal arachnoidi-
tis is difficult. While corticosteroids and
surgery have been used, they remain con-
troversial.5,240,241

Radiation Myelopathy

Radiation myelopathy may occur follow-
ing radiation therapy in which the spinal
cord is included within the radiation port.
Despite advances in knowledge concern-
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ing the effects of radiation on the spinal
cord, severe forms of radiation myelopa-
thy are still occasionally encountered. For
example, it has been found that some pa-
tients will develop chronic progressive ra-
diation myelopathy despite the fact that
they have received a dose of spinal irradia-
tion considered safe for most individu-
als.242,243 Furthermore, some agents, such
as hyperbaric oxygenation, may increase
the risk of radiation myelopathy.244 Based
upon its clinical manifestations, radiation
myelopathy has been classified into four
distinct syndromes (Table 8-5).245

EARLY-DELAYED RADIATION
MYELOPATHY (TRANSIENT
RADIATION MYELOPATHY)

Transient radiation myelopathy is charac-
terized by the subjective complaints of
paresthesias and electric-like shock sen-
sations on neck flexion (Lhermitte's
sign).246,247 This form of myelopathy is a
frequent sequela of standard doses of radi-
ation to the spinal cord when neoplasms
of the neck and upper thoracic region are
irradiated. It has been estimated to occur
in 15% of individuals undergoing stan-
dard mantle irradiation; higher doses of
irradiation cause even more frequent
transient radiation myelopathy.247 Typi-
cally, symptoms begin 2 to 37 weeks (aver-
age, 16 weeks) following radiation therapy
and spontaneously resolve after a period
usually lasting 2 to 36 weeks (average 16
weeks).248,249 Although Lhermitte's sign
does not typically portend the later devel-
opment of progressive spinal cord dys-
function, it may be an early manifestation
of chronic progressive radiation myelopa-
thy.248

Clinical features consist of painful elec-
tric-like shock sensations, elicited by neck

Table 8-5. Classification of Radiation
Myelopathy

Transient myelopathy (Lhermitte's sign)
Lower motor neuron dysfunction
Acute transverse myelopathy
C h r o n i c  p r o g r e s s i v e  r a d i a t i o n  m y e l o p a t h y

flexion or extension, which involve the
body below the neck. Although the re-
gions of the body involved are quite vari-
able, the trunk, anterior or posterior
lower extremities, and upper extremities,
are typically affected individually or in
combination (Fig. 8-6). Sensations usually
are bilateral.

On neurological examination, no ab-
normalities are found. The differential di-
agnosis for the cause of Lhermitte's sign
includes spinal metastasis and unrelated
disorders such as cervical spondylosis
and disc herniation,250 subacute combined
degeneration,251,252,253 posttraumatic syn-
drome,254 multiple sclerosis,34,255 and com-
plications from cisplatin chemotherapy.256

The pathogenesis of the disorder is
thought to be reversible damage to myelin
in the ascending sensory tracts of the
spinal cord, allowing axons to be abnor-
mally sensitive to mechanical deformation,
although there is no histologic proof of
this.248,257 Somatosensory-evoked poten-
tials have been reported to be abnormally
prolonged in some patients, supporting
the impression that the pathology resides
in the posterior columns and is demyelin-
ating in nature.258 Furthermore, in exper-
imental animals, CSF myelin basic protein
has been reported to be transiently ele-
vated soon after irradiation.259,260

LATE-DELAYED RADIATION
MYELOPATHY

Chronic Progressive Radiation
Myelopathy

Chronic progressive radiation myelopathy
is the most common form of severe irradi-
ation-induced spinal cord injury.261-265

The clinical syndrome is variable but com-
monly develops with spinal cord symp-
toms and signs beginning several months
to many years following therapy.245 Sen-
sory symptoms beginning in the lower
extremities, described as burning pares-
thesias and alterations in pain and tem-
perature sensation, are often reported. As
noted above, Lhermitte's sign may herald
the development of chronic progressive
myelopathy, but in this case it generally
arises after a higher dose of radiation
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Figure 8-6. Anatomical areas commonly in-
volved in electrical paresthesias (Lher-
mitte's symptom) in cases of transient radi-
ation myelopathy.

therapy and after a more prolonged latent
period (usually more than one year) than
that seen in the transient form of radiation
myelopathy.248

The neurological examination usually
reveals spastic lower extremity weakness.
Sphincter disturbance also develops. A
Brown-Sequard syndrome is sometimes
seen, or other forms of transverse
myelopathy (incomplete) may predomi-
nate. An ascending sensory level may
evolve over several weeks or months.
Symptoms and signs usually are slowly
progressive over several months but may
ultimately stabilize. Spontaneous improve-
ment rarely occurs.

The diagnosis of chronic radiation
myelopathy requires the exclusion of com-
pressive lesions of the cord, which are
much more common, and treatable, in the
cancer patient.266 Scanning with MRI is
usually effective in ruling out a compres-
sive lesion and may show intramedul-
lary cord abnormalities characteristic of
chronic progressive myelopathy. In the

acute phase, the cord may be swollen
and enhance with intravenous contrast
material, indicating a loss of normal
blood-spinal cord barrier.267,268 Investiga-
tional studies have shown that the blood-
spinal cord barrier is disrupted early in
the pathogenesis of radiation-induced
myelopathy.269 Later in the course, the
cord may be atrophic on MRI. The CSF
may show an elevated protein and other
nonspecific findings. Cerebrospinal fluid
cytology is negative for malignant cells.245

The main pathological finding consists
of demyelination, which may begin in the
posterior columns and extend into the lat-
eral columns, causing necrosis and leuko-
malacia. The gray matter generally shows
evidence of coagulative necrosis at the
level of irradiation. Secondary ascending
and descending tract degeneration (Wal-
lerian degeneration) is seen. Vascular
changes described include hyalinization
of arterial walls, subendothelial intimal
swelling, and luminal narrowing and
thrombosis.249,270-272
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The primary insult that causes this type
of myelopathy has been debated; some
authors favor a radiation-induced vascu-
lar etiology273 while others suggest a di-
rect radiation-induced glial injury.270,274

Plasminogen activator inhibitor-1 has also
been suggested to play a role in the patho-
genesis of the disorder.275

The therapy of chronic radiation-in-
duced myelopathy is unsatisfactory. In an
experimental model of radiation myelopa-
thy, high-dose corticosteroids produced
some benefit in the neurological function
of animals.276 Occasional clinical reports
suggest that corticosteroids may have a
role in the management of this disorder.273

A recent study suggests that anticoagula-
tion with heparin and warfarin may bene-
fit some patients.277

Lower Motor Neuron
Dysfunction

The third form of radiation myelopathy,
which appears to be very rare, presents as
signs of lower motor neuron dysfunc-
tion.245 In the patients described, painless
amyotrophy and weakness, usually of the
lower extremities, develops subacutely
several years following high-dose radia-
tion therapy to the spinal cord.278-280 It
has most frequently been reported in
long-term survivors of pelvic tumors (such
as testicular cancer), where the distal cord
and cauda equina have been included in
the radiotherapy port. It may be bilateral
or unilateral.281 Sensory abnormalities are
not found, and sphincters remain intact.
The differential diagnosis includes para-
neoplastic motor neuronopathy and other
pure motor neuropathies.

An MRI report of the cervical spine in
an affected patient with brachial weakness
revealed a cystic hypodensity from C4 to
C6.282 Electrodiagnostic studies demon-
strate normal motor conduction velocities
and denervation on electromyogram. The
CSF protein may be elevated.249 Patho-
genesis is unknown, but the clinical con-
stellation resembles the subacute motor
neuronopathy that occurs secondary to
ionizing radiation and/or activation of a la-
tent virus.283 Pathological examination has
been rare and has not yielded an under-

standing of the pathogenesis.284 The
course is usually subacutely progressive
but usually stabilizes.

Acute Transverse
Myelopathy

The fourth form of radiation myelopathy
is acutely developing paraplegia or quad-
riplegia, presumably secondary to infarc-
tion or hemorrhage into the spinal cord.
It may be secondary to radiation-induced
vascular pathology.245 It is exceedingly
rare and only a few cases have been re-
ported.

In 1991, Allen and colleagues285 de-
scribed vascular changes in the brains and
spinal cords of long-term survivors of
radiotherapy. Vascular malformations re-
sembling telangiectases may in some in-
stances develop and hemorrhage. Accord-
ingly, patients may develop the acute
onset of pain and neurologic dysfunction
below the level of the affected cord region.
Posner has described a case of intramed-
ullary cord hemorrhage that occurred
many years after mantle irradiation for
Hodgkin's disease in a patient taking non-
steroidal antiinflammatory medications.286

He recommends that affected patients
avoid aspirin and nonsteroidals, which
may lead to subsequent hemorrhage.

Electrical Injuries

Spinal cord damage secondary to electri-
cal injuries may be either acute or de-
layed. The cervical spinal cord is fre-
quently the site of injury because electrical
current often passes from hand to
hand.287 Acute injuries may be secondary
to heating of tissue or ischemia. Both gray
matter and white matter tracts may be
damaged, so sensory, motor, and sphincter
disturbances may occur. The motor weak-
ness may be secondary to anterior horn
cell damage resulting in amyotrophy.
Such findings may be self-limited or may
regress.78

Occasionally, a delayed progressive
spinal cord syndrome develops following
electrical injury; this syndrome may be
difficult to differentiate clinically from
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spinal muscular atrophy or amyotrophic
lateral sclerosis.287-289 The pathogenesis of
this delayed progressive myelopathy is not
well understood; it may be secondary to
vascular occlusive changes, as seen in
some patients with delayed myelopathy
following radiation therapy.5

METABOLIC AND NUTRITIONAL
MYELOPATHIES

Metabolic and nutritional myelopathies
may occur due to vitamin deficiencies or
liver disease. Subacute combined degener-
ation due to vitamin B12 deficiency is dis-
cussed separately from other nutritional
deficiencies.

Subacute Combined Degeneration
of the Cord

This treatable disease was first described in
detail at the turn of this century and usu-
ally presents with the insidious progres-
sion of paresthesias of the extremities.290

Since the peripheral nervous system and
the cerebrum are also affected, the clinical
presentation can be protean.291 Unlike
some other deficiency myelopathies in
which either the posterior or lateral

columns may be involved alone, the desig-
nation "combined degeneration" refers to
the fact that both the lateral and posterior
columns are usually involved pathologi-
cally and clinically.292 The disease results
from vitamin B12 (cobalamin) deficiency
and is often, but not invariably, associated
with megaloblastic anemia.293

Degenerative and demyelinative changes
occur in the white matter of the posterior
and lateral columns of the spinal cord
(Fig. 8-7). The white matter of the brain
may show similar changes. The peripheral
nerves also may show signs of demyelina-
tion and axonal degeneration.294

Initial neurological manifestations are
generally sensory complaints, including
paresthesias involving the distal extremi-
ties.295 Many patients first note pins-and-
needles tingling or numbness in the feet,
followed by the hands. These symptoms,
which may be due to sensory peripheral
neuropathy and/or damage to ascending
white matter tracts, are usually progres-
sive and ascend the extremities. Vibration
and position sensation are disturbed, and
the Romberg usually becomes positive.
The motor symptoms generally are weak-
ness and stiffness in the lower extremities.
The degree of spasticity and ataxia de-
pends upon the relative degree of involve-
ment of the descending and ascending

Figure 8-7. Subacute combined degeneration affecting the spinal cord. Note lateral and posterior column in-
volvement. (Courtesy of Dr. Lysia Forno.)
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tracts, respectively. Thus the patient may
have primarily a spastic gait, an ataxic
gait, or a combined spastic, ataxic gait. In-
volvement of the deep tendon reflexes de-
pends upon the relative degree of central
and peripheral nervous system involve-
ment. Babinski signs eventually develop if
the disease is not recognized and treated.
Sphincter disturbances are atypical.295

When the brain is involved, a variety of
neuropsychiatric findings may occur,
along with visual and other cerebral mani-
festations.293

A laboratory diagnosis is based on
an understanding of cobalamin physiol-
ogy.291,296,297 Cobalamin is transported in
the serum by at least three transport pro-
teins (transcobalamin I, II, and III). The
serum assay of cobalamin measures total
cobalamin; however, it is believed that the
metabolically active form is that bound to
transcobalamin II. Accordingly, it is possi-
ble to have a normal serum cobalamin
level and still be deficient.298 Since cobal-
amin is needed as a cofactor for the meta-
bolic conversion of both methylmalonic
acid and homocysteine, elevated levels of
either or both of these compounds have
been used as a diagnostic tool to assess
cobalamin deficiency. For example, using
serum cobalamin levels of less than 200
pg/ml as an indicator of deficiency, there
have been a number of studies that find a
prevalence of cobalamin deficiency of 7%
to 16% in the elderly population.298 Alter-
natively, using a cobalamin level of less
than 300 pg/ml as an indicator of defi-
ciency, or elevation of the metabolites
methylmalonic acid and homocysteine,
Pennypacker et al.297 and Yao et al.299 re-
ported a prevalence of deficiency at 14.5%
and 21%, respectively. The clinical signifi-
cance of these studies is not yet clear, since
some of these patients may not be clini-
cally deficient and there are other causes
of elevated homocysteine and methyl-
malonic acid levels.298 However, these
studies underscore the importance of
careful laboratory testing for cobalamin
deficiency in the patient with an appropri-
ate clinical syndrome. An algorithm for
evaluating and treating cobalamin defi-
cency has been published.298

Nutritional Myelopathy

Unlike subacute combined systems disease,
myelopathy from nutritional deprivation
may be due to a variety of (and possibly
multiple) deficiencies.207,300-303 Erbsloh and
Abel304 have classified the nutritional
myelopathies as: (1) posterolateral myelopa-
thy manifesting itself as mainly an ataxic
syndrome, (2) anterolateral myelopathy
presenting with a spastic syndrome, and
(3) combined ataxic and spastic syn-
dromes. Nutritional and vitamin deficien-
cies also are responsible for some of the
reported cases of tropical spastic para-
paresis and tropical ataxic neuropathy.207

Although clinical manifestations vary,
Hughes15 has summarized the most com-
monly encountered syndromes. Some pa-
tients present with a progressive spastic
paraparesis that may evolve to quadri-
paresis. Bowel and bladder function are
involved in advanced cases, as are men-
tal changes. Sensory findings are less
frequent. Pathological studies302 have re-
vealed bilateral corticospinal tract degen-
eration, and posterior column degenera-
tion may also be seen.

Clinical and pathological findings simi-
lar to those of nutritional myelopathy
have been attributed to nicotinic acid defi-
ciency (pellagra) but probably are due to
several vitamin deficiencies as well as
caloric malnutrition.295-304 There have
been rare reports of myelopathy develop-
ing in the setting of chronic alcoholism.
Whether this is a direct effect of alcohol
per se or secondary to associated nutri-
tional deficiencies, liver disease, or other
factors is unknown.305

Myelopathy Associated with
Liver Disease

While encephalopathy is a common mani-
festation of liver failure, in rare indi-
viduals myelopathy secondary to liver dis-
ease is encountered. The myelopathy
usually occurs in the setting of a surgical
portacaval anastomosis or a spontane-
ously developing shunt.306-308 Hepatic en-
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cephalopathy is usually an associated fea-
ture, but chronic progressive myelopathy
secondary to hepatic failure may be the
sole neurological abnormality.309,310

This disorder appears to occur predom-
inantly in men.307 In one review,307

myelopathy occurred 1 to 120 months fol-
lowing surgical shunting procedures. The
clinical features are those of a chronically
progressive symmetric spastic paresis. Dif-
ficulty in walking is often, therefore, an
early complaint. Sphincter dysfunction is
also frequently seen, whereas sensory dis-
turbances are not prominent.15 On patho-
logical inspection, the spinal cord shows
bilateral corticospinal tract degeneration;
posterior column degeneration also may
be seen.15,309 The spastic paresis is usually
progressive over a course of many years.
Pathogenesis of the disorder is unknown.

SPINAL CORD INFARCTION

Although spinal cord infarction is an ex-
tremely rare disease, its frequency appears
to be increasing. An autopsy study of 3737
cases at the National Hospital, Queen
Square in London, between 1909 and
1958 found nine cases (five arterial occlu-
sion and four venous thrombosis) of non-
hemorrhagic spinal cord infarction and
only two cases of hemorrhage.311 In this
older series based on patients in a neuro-
logical hospital, the common causes of vas-
cular disease (that is, hypertension and
atherosclerosis) were not found to be the
etiology in any of the cases; rather, disloca-
tion of the odontoid (one case), herniated
cervical intervertebral disc (three), dissect-
ing aortic aneurysm (one), and subacute
necrotic myelitis secondary to thrombosis
of spinal veins (four) were found to be the
causes.

A more recent study at a general hospi-
tal found 52 cases of hypoxic myelopathy
among 1200 consecutive autopsies over a
five-year period.312 Furthermore, in a ten-
year study from two university hospitals,
44 cases of spinal cord ischemia and in-
farction were reported by Cheshire et
al.313 The increasing frequency in the two
more recent studies may be because they

were done in general hospitals where
more patients with systemic diseases that
predispose to spinal cord infarction are
found and where more invasive proce-
dures that may be complicated by spinal
cord infarction take place. For example, in
the study of Cheshire et al.313 15 of 44 pa-
tients had aortic surgery (ten) or traumatic
aortic rupture (five) as the cause of spinal
cord infarction. The next most common
cause in their series was cardiac arrest
(four patients). Other causes of spinal cord
infarction include aortic dissection, hy-
potension, atherosclerosis, collagen vascu-
lar disease and other inflammatory/infec-
tious diseases, diabetes, caisson disease,
spondylosis, and various other invasive
procedures15,78,314-316 (Table 8-6). An in-
teresting but rare cause of spinal cord em-
bolization and infarction is fibrocartilagi-
nous embolization.317'318

The prognosis of patients with spinal
cord infarction has been summarized by
Cheshire et al.313 Among 158 patients
culled from the literature, 22% died, 33%
remained essentially unchanged, 25% im-
proved, and 20% markedly improved.
Among their own series of 41 patients,
20% died, 46% remained essentially un-
changed, 17% improved, and 17%
markedly improved.

Arterial Infarction

First described early in this century,319 an-
terior spinal artery infarction is far more
common than infarction in the territory of
the posterior spinal artery. The anatomi-
cal distribution of anterior spinal artery
infarction is shown in Chapters 1 and 2.

Patients with anterior spinal artery in-
farction typically develop, below the level
of the lesion, acute paralysis, dissociated
sensory loss, and loss of sphincter func-
tion. Symptoms develop abruptly. Radicu-
lar pain in a girdle distribution, or lower
extremity pain of a throbbing, burning
character is often reported to last for two
or three days. Usually the motor paralysis
below the level of infarction is initially flac-
cid and areflexic owing to spinal shock.
Tendon reflexes usually return and spas-
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Table 8-6. Causes of Spinal Cord Infarction*

Ischemic Emboli

Heart

Aorta

Vertebra

Intercostal arteries

Radicular arteries

Anterior median spinal
artery

Sulcal arteries

Pial microcirculation

Hypotension
Cardiac arrest
Atherosclerosis
Aortic surgery (with clamping)
Dissecting aneurysm
Coarctation of aorta

Vertebral occlusion
Vertebral dissection
Sickle cell anemia
Fracture and spinal dislocations
Thoracoplasty
Coarctation operation
Arteriosclerosis
Ligation during surgery
Cervical spondylosis
Cervical sprain
Caisson disease
Plasmacytoma
Reticulum cell sarcoma
Lumbar sympathectomy
Aneurysm artery of Adamkiewicz
Atherosclerosis
Diabetes
Syphilis
Cervical disc
Hypertensive lacunae disease
Diabetes
Polyarteritis nodosa
Infection, TB, syphilis
In association with AVM
Adhesive arachnoiditis
Neoplastic spread
Subarachnoid hemorrhage
Infective and granulomatous

meningitis

Subacute bacterial endocarditis
Atrial myxoma
Aortic angiography
Cholesterol emboli
Saddle emboli
Aortic trauma
Intra-aortic balloon

counterpulsation
Vertebral angiography

Aortic emboli
Spinal angiography

Aorta embolization

Aorta embolization
Renal embolization

Emboli from AVM

*From Buchan, AM and Barnett, HJM,322 p. 712, with permission.

ticity may supervene. Babinski signs are
usually absent initially but later develop. A
sensory level is typically found at which
pain and temperature are perceived, with
preservation of posterior column func-
tion. Sacral sensation may be spared. Uri-
nary retention usually occurs immediately
following infarction.320

Anterior spinal artery infarction is most
common in the thoracic area because this
is the watershed area for blood flow in the

rostrocaudal axis.315 Although the classical
view has been that the most vulnerable re-
gion is at the T4 level, Cheshire and col-
leagues313 reported that the mean deficit
in their large series was at the T8 level,
and in cases of global ischemia it was at
T9. A Brown-Sequard syndrome may oc-
cur if only half of the spinal cord has been
infarcted.

Posterior spinal artery infarction is
rare.313,321 Damage extends into the poste-
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rior horns of the spinal cord, resulting in
global anesthesia at the affected level(s).322

Below the level of infarction, there is loss
of vibratory and position sensation.

In addition to anterior and posterior
spinal artery infarctions, lacunar infarc-
tions also have been found in the spinal
cords of patients with hypertension and
atherosclerosis.323 These lesions are con-
sidered the spinal counterpart to lacunae
in the basal ganglia.322 Transient ischemic
attacks of the spinal cord also have been
reported. These seem to be most com-
monly due to arteriovenous malforma-
tions that steal blood into the low-pressure
AVM and away from the normal tissue.324

The symptoms may also be due to com-
pression of the spinal cord when the AVM
distends.322

Venous Infarction

Venous infarction of the spinal cord may
be either hemorrhagic or nonhemor-
rhagic. Although venous infarction may
occur in the setting of severe systemic dis-
ease, such as sepsis or carcinomatosis,
many patients have an associated vascular
malformations.322,325,326 In the decompres-
sion sickness of scuba divers, nitrogen
bubbles may lodge in spinal veins causing
venous infarction.313,327

The typical clinical presentation of a he-
morrhagic venous infarction is sudden on-
set of back, leg, or abdominal pain, evolv-
ing over one to two days to progressive
flaccid weakness and loss of sensation be-
low the level of the hemorrhagic infarc-
tion, and loss of sphincter function.325 Be-
cause venous hemorrhagic infarction does
not respect the distribution of the anterior
spinal artery alone, the sensory loss is usu-
ally not that of a dissociated sensory dis-
turbance. Nonhemorrhagic venous in-
farction of the spinal cord may have a
subacute evolution consisting of painless
progressive lower extremity weakness,
sphincter disturbance, and sensory loss
below the level of the lesion.328 Unlike he-
morrhagic venous infarction, reported
cases of nonhemorrhagic venous infarc-
tion have been at T3 or below.322

Laboratory Evaluation of
Vascular Diseases

As emphasized above, vascular diseases of
the spinal cord are sufficiently unusual
that other diseases, such as compressive
lesions and inflammatory disorders, must
be considered first. An MRI excludes ex-
tramedullary compressive lesions and can
provide anatomical information concern-
ing both the spinal cord and extramedul-
lary tissues.329 A CT scan has value in
detecting hematomas and vertebral frac-
tures. Cheshire et al.313 found that,
acutely, MRI could be normal in spinal
cord stroke with profound neurologic
deficit. After several days, MRI often
shows cord swelling and enhancement
and abnormal signal in adjacent vertebral
bodies. Months or years later, MRI may
reveal cord atrophy. In some cases myel-
ography in the prone and supine positions
or spinal arteriography is needed to diag-
nose arteriovenous malformations.313

Evaluation of CSF is useful to exclude
inflammatory conditions (both infectious
and noninfectious) and demyelinating dis-
ease. The CSF in vascular disease of the
spinal cord may demonstrate a nonspecific
elevation of protein and pleocytosis. A
careful systemic workup for associated
conditions, such as underlying neoplastic
disease, infection, or collagen vascular dis-
ease, should be performed when clinically
indicated.

AUTOIMMUNE DISEASES

The spinal cord may be the target of a va-
riety of systemic autoimmune diseases,
which by their very nature demonstrate a
predilection for multiorgan injury. Among
others, Sjogren's syndrome, sytemic lu-
pus erythematosus, rheumatoid arthritis,
polyarteritis nodosa, Wegener's granulo-
matosis, lymphomatoid granulomatosis,
Takayasu's arteritis, isolated angiitis of the
CNS, spinal cord arteritis, giant cell (tem-
poral) arteritis, Behcet's disease, and pro-
gressive systemic sclerosis have been re-
ported to involve the CNS.330-335 Injury of
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the central and/or the peripheral nervous
system may herald the onset of the dis-
ease; in such cases, involvement of the
brain, the peripheral nervous system, or
both may dominate the neurological man-
ifestations. In many cases, there is already
evidence of a systemic vasculitis. Rarely,
the spinal cord may be the sole manifesta-
tion of systemic arteritis. Isolated spinal
cord arteritis may rarely be seen in associ-
ation with heroin addiction.335 The reader
is referred to review articles and textbooks
of rheumatology and internal medicine
for a more detailed discussion of autoim-
mune disorders.334,336

Sjogren's Syndrome

Sjogren's syndrome is an autoimmune
disease that is believed to affect approxi-
mately 2% of the population.337 It charac-
teristically involves the lacrimal and sali-
vary glands, resulting in xerophthalmia
and xerostomia. Multiple visceral organs
also may be involved, including the
central and peripheral nervous sys-
tem.330,338

The prevalence of central nervous system
involvement in patients with Sjogren's syn-
drome is controverial.339,341 One study337

reported that approximately 20% of pa-
tients with primary Sjogren's syndrome
developed CNS involvement. Other stud-
ies have reported 2%-12% CNS involve-
ment.342-344 In such cases, episodic multi-
focal involvement of the brain and spinal
cord may evolve over time. Thus, the pre-
sentation of such patients may mimic the
clinical course for multiple sclerosis. In
addition to cerebral, brain-stem, and cere-
bellar disturbances, patients may demon-
strate an acute or subacute transverse
myelopathy, chronic progressive myelopa-
thy, neurogenic bladder, or other spinal
cord syndromes.345 In the study reported
by Alexander above,337 the spinal cord was
involved in 85% of cases with CNS involve-
ment; however, in other studies, myelopa-
thy has been rare.346 In other cases, there
is an abrupt onset of pain and myelopathy
suggesting a vascular etiology, as de-
scribed below.

The CSF findings in patients with Sjo-
gren's syndrome and CNS involvement
mimic those found in patients with multi-
ple sclerosis.337 For example, there may be
CSF pleocytosis, oligoclonal bands, and el-
evated IgG indices. In fact, even among
patients without clinical neurologic im-
pairment the CSF may show oligoclonal
bands.347 Evoked responses may also be
abnormal at multiple sites, as is typically
seen with demyelinating diseases.337 An
MRI of the spinal cord and brain also
may demonstrate abnormalities similar to
those seen in multiple sclerosis.337,339,348

Although the pathogenesis of CNS in-
volvement is uncertain, an immune vascu-
lopathy has been considered.330 In two au-
topsied cases of myelopathy, necrotizing
angiitis and necrosis of the spinal cord
were reported.349,350

The diagnosis of CNS involvement by
Sjogren's syndrome may be difficult if the
underlying disease has not been recog-
nized. Involvement of multiple organs
such as salivary and lacrimal glands,
lungs, kidneys, thyroid, muscle, and pe-
ripheral nerves may suggest the diagnosis
and help distinguish the disease from
multiple sclerosis.330,337 Furthermore, the
presence of antibodies to Ro(SS-A) or
La(SS-B), and other serologic abnormali-
ties, are often found in these patients.351

Although there are limited reports of
therapy, case reports of responses to
plasmapharesis and/or corticosteroids do
exist.345,349

CASE ILLUSTRATION

A 54-year-old woman with a past medical his-
tory significant for discoid lupus and Ray-
naud's phenomenon developed neck pain and
pain radiating into the left arm when her neck
was hyperextended during a shampoo. An or-
thopedic consultation found a left C6 radicu-
lopathy, and she was placed in a cervical collar.
Two weeks later, she developed numbness of
the left lower face and ascending numbness be-
ginning in the left lower extremity which then
extended into the right leg and later ascended
up through the trunk to the ulnar aspect of
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both hands, forearms, and axillae. She was ad-
mitted to the hospital for evaluation.

General physical examination was unre-
markable. Neurological examination demon-
strated slight hyperpathia over the second and
third divisions of the left fifth cranial nerve.
Hyperpathia and causalgia were present bilat-
erally from the first thoracic segment caudally,
with preservation of temperature and position
sensation. On extension of the neck, dysesthe-
sias appeared in the lower back. Motor, cere-
bellar, and gait examinations were normal.
There was a depressed left brachioradialis re-
flex and plantar responses were flexor.

Laboratory studies revealed a sedimentation
rate of 40 and a positive antinuclear antibody
(ANA) with a titer of 1:128 consisting of a dif-
fuse and nucleolar pattern. The CSF revealed
normal cell count, protein, and glucose, and
the IgG index was normal. There were two
faint oligoclonal bands in the CSF, which were
also present in the serum. Cervical spine film
showed narrowing of the disc space at the C5-6
level. An MRI (0.15 teslas) of the brain and cer-
vical spine showed an equivocal small linear
periventricular hyperintensity in the left pari-
etal area of unknown significance and com-
pression of the spinal cord at the C5-6 level
due to disc protrusion and spondylosis. Triple-
evoked responses, including somatosensory la-
tencies from the upper and lower extremities,
were normal. Rheumatological consultation re-
vealed no evidence for systemic lupus erythe-
matosus or autoimmune illness involving the
CNS. A neurosurgical opinion was obtained
and although the presentation was considered
atypical, a tentative diagnosis of spinal cord
compression and cervical radiculopathy was
made, and the patient was discharged with a
soft cervical collar.

Five days later, she was readmitted with pro-
gressive right leg weakness and a right Babin-
ski sign but no evidence of left leg weakness.
She had pain in both hands and forearms and
dysesthesias and reduced pin sensation below
the C7 level bilaterally. A myelogram demon-
strated congenital spinal stenosis with superim-
posed spinal cord compression at the C5-6
level due to disc protrusion and spondylosis,
with bilateral foraminal encroachment at the
same level. Repeat MRI of the brain showed no
evidence of the previously seen area of hyper-
intensity in the left parietal area. The clinical

presentation was considered atypical for cervi-
cal spondylosis but in the absence of a defini-
tive alternative diagnosis and concern that the
spinal cord compression could be responsible,
the patient underwent an anterior cervical dis-
cectomy and fusion of C5-6.

Postoperatively, the patient's myelopathy was
significantly improved but she continued to
complain of progressive sensory disturbances
of the upper extremities and described a pro-
gressive, tight, girdle-like sensation in the
chest. A repeat MRI of the brain and cervical
spine four months postoperatively demon-
strated several areas of hyperintensity in both
cerebral hemispheres and no evidence of
spinal cord compression. Electrodiagnostic
studies of the upper extremities demonstrated
no evidence of peripheral neuropathy or den-
ervation. Somatosensory-evoked responses of
the upper extremities revealed conduction dis-
turbances within the cervical spinal cord.

Over the next several weeks, the patient de-
veloped progressive position sense distur-
bances of the hands with secondary pseudo-
athetoid movements. A repeat rheumatological
evaluation included serological studies for Sjo-
gren's syndrome, the results of which were pos-
itive. A biopsy of minor salivary glands was in-
terpreted as consistent with this diagnosis. The
patient was placed on a course of steroids and
cyclophosphamide for several months with
clinical stabilization of her neurological syn-
drome. However, MRI continued to show evi-
dence of evolving subclinical cerebral lesions.

Comment. This case illustrates the frequent
difficulty of differentiating intramedullary
spinal cord disease from spinal cord compres-
sion. Although this patient did have spinal cord
compression secondary to cervical spondylosis,
which may have aggravated the intramedullary
spinal cord disease, the latter was primarily re-
sponsible for her neurological condition, as ul-
timately shown by her clinical course. Only
with continued close observation and the
recognition at the time of surgery that the
spondylosis alone might not have been com-
pletely responsible for her neurological condi-
tion was the diagnosis of neurological involve-
ment by Sjogren's syndrome made. The case
also illustrates that a systemic disease such as
Sjogren's syndrome may present clinically with
spinal cord dysfunction alone.
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Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is
typically a systemic disease with multior-
gan involvement. In occasional patients,
however, the CNS is the principal site of
clinical involvement, with minimal evi-
dence of skin or articular disease.352 Fur-
thermore, although much less common
than cerebral and brainstem involvement,
myelopathy has been well documented as
a complication of SLE.316,,353-355

Among patients with SLE, myelopathy
may occur in an acute or subacute fash-
ion.356 In 26 cases of transverse myelopa-
thy in the setting of SLE,357 the myelopa-
thy, which could occur at any time during
the course of SLE, evolved rapidly in the
majority of cases. A sensory level, sphinc-
ter disturbance, and paresis or paralysis
below the lesion were commonplace. In
cases which resemble an anterior artery
syndrome, the posterior columns are
spared. The antiphospholipid antibody
has been found in some such cases, raising
the question of whether it is responsible
for the pathogenesis of the myelopathy,
but this is unproven.358,359 On pathological
examination, extensive destruction of the
thoracic and lumbar segments was usually
seen, with angiitis and thrombosis of
blood vessels secondary to SLE. Prognosis
for recovery with this form of myelopathy
is considered to be poor.316

Other cases of myelopathy in patients
with SLE may resemble subacute trans-
verse myelopathy.316,360,361 As in other
cases of transverse myelopathy, the patho-
genesis of those cases associated with SLE
is unknown.316

Occasionally, myelopathy in the setting
of SLE may clinically resemble multiple
sclerosis.316,352,362 In such cases, there
may be a subacute progressive myelopa-
thy. Furthermore, the patient may show
improvement in neurological function, as
in some bouts of multiple sclerosis. Pa-
tients with SLE also have been reported to
develop a necrotic and demyelinative
myelopathy and demyelinative optic neu-
ritis.14,316

In evaluating patients with systemic lu-
pus erythematosus and myelopathy, spinal

cord imaging is important to exclude com-
pressive lesions. In cases of intrinsic cord
disease attributed to SLE, MRI may show
focal areas of cord edema and T2 signal
changes, which have been reported to im-
prove with clinical recovery.354 The CSF
may show oligoclonal bands such as those
that occur in multiple sclerosis. In a study of
25 cases of SLE with neurological involve-
ment, 28% had local CNS synthesis of oligo-
clonal bands.363 Other studies have shown
even higher prevalence of increased in-
trathecal IgG synthesis rates.363,364 Reports
of successful treatment of lupus myelopathy
have been limited, but include treatment
with high-dose corticosteroids and other
forms of immunosuppression.365'366

PARANEOPLASTIC
MYELOPATHY

Paraneoplastic myelopathy refers to spinal
cord disease in patients with malignancy,
where the myelopathy is not due to com-
pression from tumor, effects of treatment,
metabolic or electrolyte imbalance, or
identifiable disease unrelated to the ma-
lignancy (e.g., spondylosis, vitamin B12
deficiency)367 (Table 8-7). Paraneoplas-
tic myelopathies must be considered in
the cancer patient with a progressive
myelopathy for which no alternative cause
is discovered.286

Table 8-7. Classification of Spinal
Cord Lesions in Cancer Patients

Metastatic Cancer
Epidural
Leptomeningeal
Intramedullary

Toxicity from Therapy
Radiation myelopathy
Myelopathy due to chemotherapy
Infectious disease
Vascular disease
Paraneoplastic syndromes
Diseases unrelated to cancer or its therapy
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First described by Mancall and Reme-
dios,326 the etiology and pathogenesis
of paraneoplastic myelopathies is un-
known.368 On pathological examination of
the spinal cord, necrotizing myelopathy is
characterized by nearly symmetric necro-
sis involving both gray and white mat-
ter.369 Both myelin sheaths and axons are
involved, and there is a predilection
for the thoracic spinal cord.368 Vascular
necrotic changes also may be seen, but
pathological changes within the spinal
cord are not characteristic of ischemic
myelopathy.78

The clinical picture of paraneoplastic
necrotizing myelopathy is that of a rapidly
ascending sensorimotor myelopathy. The
course is typically short, with death ensu-
ing within a few months.368 Paraneoplastic
myelopathy has most frequently occurred
in the setting of a variety of carcinomas
and lymphoma.368 As discussed in Chapter
6, the diagnosis may be difficult to distin-
guish from intramedullary metastasis, ra-
diation myelopathy, and other diseases be-
cause there is no specific laboratory test
for paraneoplastic myelopathy. Its rarity
compared with the frequent incidence of
metastatic disease to the spine or compli-
cations of therapy should be recognized by
the clinician when this diagnosis is consid-
ered.368

NEURONAL DEGENERATIONS

There are several neuronal degenerations
that may involve the spinal cord, and they
thus are considered in the differential di-
agnosis of spinal cord compression. Some
of these disorders are genetic in origin
(Table 8-8), and others are of unknown

Table 8-8. Some Neuronal
Degenerations of Genetic Origin

Spinocerebellar ataxia (Friedreich's ataxia)
Hereditary motor neuron disease
Werdnig-Hoffmann disease
Hereditary spastic paraplegia
Charcot-Marie-Tooth disease
Adrenomyeloneuropathy

etiology and pathogenesis (e.g., motor
neuron disease).

The clinical presentations of most of
these disorders share several features.
Most begin insidiously and are slowly pro-
gressive. In those cases of genetic origin,
patients may report a history of clumsiness
or inability to compete in athletics or per-
form in the military at an early age. Other
signs, such as pes cavus and scoliosis, may
precede the clinical presentation. A family
history of neurological disease may be ob-
tained. Unlike the case of spinal cord com-
pression, pain is not usually a prominent
early feature. Symptoms and signs of in-
volvement of the brain and/or peripheral
nerves are frequently encountered, if
carefully sought. There may be other signs
of systemic involvement, such as heart dis-
ease in patients with Friedreich's ataxia or
endocrine disturbance in those with
adrenomyeloneuropathy. The reader is
referred to textbooks of neurology and
other sources for a complete discussion.

ACUTE AND SUBACUTE
TRANSVERSE MYELOPATHY OF
UNKNOWN ETIOLOGY

Despite exhaustive attempts to diagnose
the etiology and pathogenesis of acute
or subacute noncompressive transverse
myelopathy, there are still cases in which
no specific diagnosis can be made at the
time of clinical presentation. This has led
to the concept of noncompressive trans-
verse myelopathy (TM), which is defined
as a clinical syndrome of bilateral intra-
medullary dysfunction which may be as-
cending or static and often involves sev-
eral spinal segmental levels; the syndrome
occurs without prior history of neurologi-
cal disease.3 Because there is usually no spe-
cific laboratory test for transverse myelopathy,
the diagnosis of noncompressive TM is often a
clinical one after the exclusion of known (and
often treatable) causes such as cord compression
secondary to neoplasm, abscess, or degenerative
joint disease.

Because, by definition, the etiology of
TM is unknown, the neuropathological
processes which are discussed earlier in
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this chapter and elsewhere in this book
need to be considered and excluded,
such as: postinfectious and postvaccina-
tion myelitis, multiple sclerosis, and acute
necrotizing myelitis; viral invasion of the
spinal cord; spinal cord infarction; radia-
tion myelopathy; vascular malformations;
and paraneoplastic syndrome. Even after
a clinical diagnosis of TM is made and the
specific etiology and pathogenesis remain
obscure the clinician should consider TM
as a clinical syndrome of diverse etiologies
with the expectation that ultimately the
etiology may declare itself as the patient is
followed.

The clinical challenge in diagnosing TM
is seen in a study from the Massachusetts
General Hospital.3 Of 164 patients pre-
senting with acute myelopathy or myelitis,
82 were ultimately found to have an ana-
tomical mass lesion (usually metastatic
cancer) responsible for the myelopathy.
Because many of the patients reviewed
had been initially diagnosed as having TM
but were later found to have tumors im-
pinging on the spinal cord, the re-
searchers would only include in their
study those patients who had undergone a
myelogram to exclude a compressive le-
sion. This study underscores the necessity
to exclude compressive lesions of the cord
that are treatable before a diagnosis of TM
is made.

The clinical features of 52 patients with
TM have been reported in detail.3 The
age at diagnosis ranged from 4 to 83 years
and there was no sex preponderance. A
recent acute infectious illness was re-
ported to antedate the onset of TM in one-
third of patients. (Some of these patients
might now be classified as postinfectious
demyelinating disease.) The initial symp-
toms are shown in Table 8-9. In some pa-
tients, these symptoms occurred in combi-
nation. Paresthesias often began distally
and ascended. When pain was the pre-
senting complaint, it usually occurred at
the segmental level of neurological dys-
function. The temporal profile of the
myelopathy varied in these 52 patients;
21% of the patients developed a myelopa-
thy within 12 hours, 69% progressed
smoothly over a period of 1 to 14 days,
and 10% had a stuttering progressive

Table 8-9. Summary of Clinical Data
from 52 Patients with Acute and
Subacute Noncompressive Transverse
Myelopathy*

Number (%)
of Patients

Preceding Febrile Illness

Initial Symptoms

Paresthesias
Back pain
Leg weakness
Sphincter disturbance

Time to Maximal Deficit
<1 day
1 to 10 days
>10 days

Multiple Sclerosis

Outcome
Good
Fair
Poor

Total

18

24
18
7
3

13
30
9

7

16
20
12

52

(35%)

(46%)
(35%)
(13%)

(6%)

(25%)
(57%)
(17%)

(13%)

(31%)
(38%)
(23%)

*From Ropper, AH and Poskanzer, DC,3 p. 58,
with permission.

course over a period of 10 days to 4 weeks.
Spinal shock was seen in some of the pa-
tients with catastrophic onset.

The difficulty in clinically distinguishing
intramedullary disease from extramedul-
lary compressive disease has already been
reviewed. In a manner similar to patients
with TM, patients with epidural abscess or
spinal tumor usually present with back
pain and a relatively rapid neurological
deterioration. Although neoplasms gener-
ally run a more chronic course than the
inflammatory myelitides, spinal tumors
may have a brief course. Although the his-
tory of recent infection may be helpful in a
diagnosis of postinfectious myelitis, pa-
tients with epidural abscess often have a
history of recent infection as well. These
observations underscore the importance
of a high index of suspicion for cord com-
pression and emphasize the role of labora-
tory and imaging studies in differentiat-
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ing compressive lesions such as epidural
abscess or neoplasm from transverse
myelopathy. In arriving at a diagnosis of
noncompressive myelitis or myelopathy,
the clinician must ask at each juncture,
"Can this patient be harboring a compres-
sive lesion?"

The optimal treatment of acute and sub-
acute transverse myelopathy of unknown
etiology remains uncertain. In the Massa-
chusetts General Hospital series,3 half of
the patients with adequate follow-up re-
ceived no specific treatment other than
bed rest and analgesia as required. An
equal number of patients received adreno-
corticotrophic hormone or corticoste-
roids. If the pathogenesis of the disorder
is thought to be demyelinating disease
high-dose steroids have been advocated by
some authors.18a,18b Some of the general
principles involving the management of
patients with myelopathy are discussed in
the section on postinfectious myelitis.

The prognosis for neurological recovery
following TM varies from good to poor.
Factors that have been found to affect out-
come include the tempo of neurological
deterioration and the presence of back
pain. Patients with a gradual or stuttering
progressive myelopathy had a good (41%)
or fair (46%) outcome in the series cited
above.3 However, a poor outcome was
found in 64% of those with a rapid cata-
strophic onset and in 53% of those with
back pain heralding the onset. Of the 52
patients, 7 (13%) were diagnosed as hav-
ing multiple sclerosis on follow-up exami-
nations.3

SUMMARY

There is a broad spectrum of diseases that
afflict the spinal cord and are not due to
cord compression. These are called intra-
medullary diseases. These disorders in-
clude (1) inflammatory disorders, such as
multiple sclerosis and transverse myelitis;
(2) infectious disorders, such as HIV, her-
pes zoster, or HTLV-1 infection; (3) toxic
disorders, such as radiation myelopathy;
(4) vitamin deficiencies, such as B12 defi-
ciency; and (5) vascular diseases, such as
cord infarction. Their clinical manifesta-

tions are protean. The temporal profile
may occur over hours, as in the case of in-
farction, or months as in HTLV-1 myelopa-
thy or B12 deficiency. Since biopsy is rarely
performed, clinical diagnosis and manage-
ment rely heavily upon clinical characteris-
tics, associated disease processes, imaging,
and CSF analyses.

For example, a patient who develops a
transverse myelopathy within a few weeks
of a vaccination is more likely to have the
inflammatory demyelinating syndrome of
transverse myelitis than an individual with
a past history of optic neuritis who might
be expected to have multiple sclerosis.
The long-term management and implica-
tions of these two disorders for the patient
is quite different. Spirochetal diseases of
the spinal cord, due both to syphilis and B.
burgdorferi, need to be considered. Fur-
thermore, in the immunocompromised
patient, opportunistic infectious are more
likely to occur. Complications of therapy
such as radiation myelopathy and spinal
arachnoiditis are to be considered in the
appropriate clinical context.

Subacute combined degeneration of the
cord due to B12 deficiency presents a chal-
lenging clinical diagnosis. Patients may
not have any hematologic abnormalities,
and dominant clinical neurologic signs
may suggest peripheral nerve disease or
be overshadowed by dementia. Patients
with B12 deficiency may have neuropsychi-
atric disturbances and inconsistent neuro-
logic findings, leading the examiner to the
erroneous conclusion that their com-
plaints are functional. Furthermore, the
diagnosis of B12 deficiency is complicated
by the fact that some (especially elderly)
patients may not be truly deficient and yet
have serum levels at or just below the nor-
mal range. Other patients may have low
normal levels and be, in fact, deficient as
documented by measurement of serum
methylmalonic acid and, more impor-
tantly, response to B12 administration. Ac-
cordingly, there must be a high level of
clinical suspicion in order not to miss cases
of this eminently treatable disorder.

Spinal cord infarction was once consid-
ered a clinical rarity. However, with the
advent of more invasive technologies such
as vascular surgery and embolization pro-
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cedures, spinal cord infarction is more fre-
quently seen. Other causes of spinal cord
infarction and demyelination are seen in
patients with autoimmune diseases such as
Sjogren's syndrome, systemic lupus ery-
thematosus, and the antiphospholipid
syndrome. As has been seen in oncology,
with the longer survival of these patients,
it appears that the neurologic complica-
tion rate is also rising. Paraneoplastic
myelopathy, a rare disorder, and neuronal
degenerations, are also briefly discussed.

Finally, despite exhaustive attempts to
diagnose the etiology and pathogenesis of
acute and subacute transverse myelopa-
thy, there remain a group of cases in
which there is no specific diagnosis. Since
the classic paper on transverse myelopa-
thy by Ropper and Poskanzer,3 the devel-
opment of MRI, polymerase chain reac-
tion assays, spinal neuroangiography, and
other immunological tests has reduced the
size of this group but has not eliminated it.
As reported by Ropper and Poskanzer, the
clinical features of this group are pre-
sented, but because, by definition, the eti-
ology and pathogenesis are not known,
precise prognostic or therapeutic recom-
mendations are difficult to offer.

REFERENCES

1. Sebire G, Hollenberg H, Meyer L, et al. High
dose methylprednisolone in severe acute
transverse myelopathy. Arch Dis Child 1997;76:
167-8.

2. Harisdangkul V, Doorenbos D, Subramony S.
Lupus transverse myelopathy: better outcome
with early recognition and aggressive high-
dose intravenous corticosteroid pulse treat-
ment. J Neurol 1995;242:326-31.

3. Ropper AH, Poskanzer DC. The prognosis of
acute and subacute transverse myelopathy
based on early signs and symptoms. Ann Neu-
rol 1978;4:51-9.

4. Booss J, Esiri MM. Viral Encephalitis: pathology,
Diagnosis and Management. Oxford: Blackwell
Scientific; 1986.

5. Adams RD, Victor M. Diseases of the spinal
cord. In Adams RD, Victor M, editors. Prin-
ciples of Neurology. New York: McGraw-Hill;
1985; pp. 665-98.

6. Miller HG, Stanton JB, Gibbons JL. Parain-
fectious encephalomyelitis and related syn-
dromes: a critical review of the neurological
complications of certain specific fevers. Q J
Med 1956;25:427-505.

7. Spillane JD, Wells EC. The neurology ofjen-
nerian vaccination. Brain 1964;87:1.

8. Macfarlane PI, Miller V. Transverse myelitis
associated with Mycoplasma pneumonia infec-
tion. Arch Dis Child 1984;59:80-2.

9. Johnson RT, Griffin DE, Hirsch RL, et al.
Measles encephalomyelitis—clinical and im-
munulogical studies. N Engl J Med 1984;310:
137.

10. Miller HG, Stanton JB, Gibbons JL. Acute dis-
seminated encephalomyelitis and related syn-
dromes. Br Med J 1957; 1:668-72.

11. Reik L. Disorders that mimic CNS infections.
Neurol Clin North Am 1986;4:223-48.

12. Abramsky O, Teitelbaum D. The autoimmune
features of acute transverse myelopathy. Ann
Neurol 1977;2:36-40.

13. Reik L. Disseminated vasculomyelinopathy: an
immune complex disease. Ann Neurol 1980;7:
291-6.

14. Croft PB. Para-infectious and post-vaccinal
encephalomyelitis. Postgrad Med 1969;45:392-
400.

15. Hughes JT Pathology of the Spinal Cord
Philadelphia: W.B. Saunders; 1978.

16. Choi K, Lee K, Chung S, et al. Idiopathic
transverse myelitis: MR characteristics. AJNR
Am J Neuroradiol 1996; 17:1151-60.

17. Tartaglino L, Croul S, Flanders A, et al. Idio-
pathic transverse myelitis: MR imaging find-
ings. Radiology 1996;201:661-9.

18. Provenzale J, Barboriak D, Gaensler E, et al.
Lupu-related myelitis: serial MR findings.
AJNR Am J Neuroradiol 1994; 15:1911-7.

18a. Dowling P, Bosch V, Cook S. Possible beneficial
effect of high-dose intravenous steroid ther-
apy in acute demyelinating disease and trans-
verse myelitis. Neurology 1980;30:33-6.

18b. Kalman B, Lublin FD. Postinfectious en-
cephalomyelitis and transverse myelitis. In
Johnson R, Griffin J, editors. Current Therapy
in Neurologic Disease. St. Louis: B.C. Decker/
Mosby Year Book; 1997; pp. 175-8.

19. Scott T, Weikers N, Hospodar M, Wapenski
J. Acute transverse myelitis: a retrospective
study using magnetic resonance imaging. Can
J Neurol Sci 1994;21:133-6.

19a. Scott T, Bhagavatula K, Snyder P, Chieffe C.
Transverse myelitis: comparison with spinal
cord presentations of multiple sclerosis. Neu-
rology 1998;50:429-33.

20. Miller D, Ormerod I, Rudge P, et al. The early
risk of multiple sclerosis following isolated
acute syndromes of the brainstem and spinal
cord. Ann Neurol 1989;26:635-9.

21. Altrocchi P. Acute transverse myelopathy. Arch
Neurol 1963;9:21-9.

22. Peet MM, Echols DH. Herniation of the nu-
cleus pulposus. A cause of compression of
the spinal cord. Arch Neurol Psychiat 1934;32:
924-32.

22a. Jeffrey D, Mandler R, Davis L. Transverse
myelitis: retrospective analysis of 33 cases with
differentiation of cases associated with multi-
ple sclerosis and parainfectious events. Arch
Neurol 1993;50:532-6.



304 Diseases of the Spine and Spinal Cord

23. Paty D, Noseworthy J, Ebers G. Diagnosis of
multiple sclerosis. In Paty D, Ebers G, editors.
Multiple Sclerosis. Philadelphia: F.A. Davis;
1997; pp.48-135.

23a. Tippett D, Fishman P, Panitch H. Relapsing
transverse myelitis. Neurology 1991;41:703-6.

24. Paty D, Ebers G. Muliple Sclerosis. Philadelphia:
F.A. Davis; 1998.

25. Ebers GC. Multiple sclerosis and other demy-
elinating diseases. In Asbury AK, McKhann
GM, McDonald WI, editors. Diseases of the Ner-
vous System: Clinical Neurobiology. Philadelphia:
W.B. Saunders; 1986; pp. 1268-81.

26. Lumsden CE. Multiple sclerosis and other de-
myelinating diseases. In Vinken PJ, Bruyn
GW, editors. Handbook of Clinical Neurology, Vol-
ume 9. Amsterdam: North-Holland; 1970; pp.
217-319.

27. Fog T. Topographic distribution of plaques in
the spinal cord in multiple sclerosis. Arch Neu-
rol Psychiatr 1950;63:382-414.

28. Oppenheimer DR. The cervical cord in multi-
ple sclerosis. Neuropathol Appl Neurobiol 1978;4:
151-62.

29. McDonald W, Miller D, Barnes D. The patho-
logical evolution of multiple sclerosis. Neu-
ropathol Appl Neurobiol 1992;18:319-34.

30. Trapp B, Peterson J, Ransohoff R, et al. Ax-
onal transection in the lesions of multiple scle-
rosis. N Engl J Med 1998;338:278-85.

31. Waxman S. Demyelinating diseases—new
pathological insights, new therapeutic targets.
N Engl J Med 1998;338:323-5.

32. Poser S, Hermann-Gremmeis I, Wikstrom J,
Poser W. Clinical features of the spinal form of
multiple sclerosis. Ada Neurol Scand 1978;57:
151-8.

33. Leibowitz U, Halpern L, Alter M. Clinical
studies of multiple sclerosis in Israel. V. Pro-
gressive spinal syndromes and multiple sclero-
sis. Neurology 1967;17:988-92.

34. Waxman SG. Clinical course and electrophys-
iology of multiple sclerosis. In Waxman SG,
editor. Functional Recovery in Neurological Dis-
ease. New York: Raven Press; 1988; pp.
151-84.

35. Marshall J. Spastic paraplegia of middle age.
Lancet 1955;I:643-6.

36. Paty DW, Blume WT, Brown WF, et al.
Chronic progressive myelopathy: investigation
with CSF electrophoresis, evoked potentials,
and CT scan. Ann Neurol 1979;6:419-24.

37. Hume AL, Waxman SG. Evoked potentials in
suspected multiple sclerosis: diagnostic value
and prediction of clinical course. J Neurol Sci
1988;83:191-210.

38. Blumhardt LD, Barrett G, Halliday AM. The
pattern visual evoked potential in the clinical
assessment of undiagnosed spinal cord dis-
ease. In Corjon JE, Maugiere F, Revol M, edi-
tors. Clinical Applications of Evoked Potentials in
Neurology. New York: Raven Press; 1982; pp.
463-71.

39. Ropper AH, Miett T, Chiappa KH. Absence of
evoked potential abnormalities in acute trans-
verse myelopathy. Neurology 1982;32:80-2.

40. Miller DH, McDonald WI, Blumhardt LD, et
al. Magnetic resonance imaging in isolated
noncompressive spinal cord syndromes. Ann
Neurol 1987;22:7l4-23.

41. Paty DW, Asbury AK, Herndon RM, et al. Use
of magnetic resonance imaging in the diagno-
sis of multiple sclerosis: policy statement. Neu-
rology 1986;36:1575.

42. Poser C, Paty D, Scheinberg L, et al. New diag-
nostic criteria for multiple sclerosis. Ann Neu-
rol 1983; 13:227-31.

43. Miska RM, Pojounas KW, McQuillen MP. Cra-
nial magnetic resonance imaging in the evalu-
ation of myelopathy of undetermined etiology.
Neurology 1987;37:840-3.

44. McDonald W. Pathophysiology in multiple
sclerosis. Brain 1974;97:179-96.

45. Clifford D, Trotter J. Pain in multiple sclerosis.
Arch Neurol 1984;41:1270-2.

46. Stenager E, Knudsen L, Jensen K. Acute and
chronic pain syndromes in multiple sclerosis.
Acta Neurol Scand 1991;84:197-200.

47. Moulin D. Pain in multiple sclerosis. Neurol
Clin 1989;7:321-31.

48. Vermote R, Ketelaer P, Carton H. Pain in mul-
tiple sclerosis: a prospective study using the
McGill pain questionnaire. Clin Neurol Neuro-
surg 1986;88:87-93.

49. IFNB. Interferon beta 1-b is effective in re-
lapsing-remitting multiple sclerosis. I. Clinical
results of a multi-center, randomized, double-
blind, placebo-controlled trial. Neurology 1993;
43:655-61.

50. IFNB. Interferon beta-lb in the treatment of
multiple sclerosis: final outcome of the ran-
domized controlled trial. Neurology 1995;45:
1277-85.

51. Paty D, Li D. Interferon beta-lb is effective in
remitting-relapsing multiple sclerosis. II. MRI
analysis results of a multicenter, randomized,
double blind, placebo-controlled trial. Neurol-
ogy 1993;43:662-7.

52. Jacobs L, Cookfair D, Rudick R, et al. Intra-
muscular interferon beta-la for disease pro-
gression in relapsing multiple sclerosis (erra-
tum in Ann Neurol 1996;40:480). Ann Neurol
1996;39:285-94.

53. Pozzilli C, Bastianello S, Koudriavtseva T, et al.
Magnetic reonance imaging changes with re-
combinant human interferon-beta-la: a short
term study in remitting-relapsing multiple
sclerosis. J Neurol Neurosurg Psychiatry 1996;61:
251-8.

54. Johnson K, Brooks B, Cohen J, et al. Copoly-
mer 1 reduces relapse rate and improves dis-
ability in remitting-relapsing multiple sclero-
sis: results of a phase III multicenter, double
blind placebo-controlled trial. Neurology 1995;
45:1268-76.

55. Bornstein M, Mille A, Slagle S, et al. A pilot
trial of Cop 1 in exacerbating-remitting multi-
ple sclerosis. New Engl J Med 1987;317:408-
14.

56. Bornstein M, Miller A, Slagle S, et al. A
placebo controlled, double blind, randomized
two-center, pilot trial of Cop 1 in chronic pro-



Noncompressive Myelopathies 305

gressive multiple sclerosis. Neurology 1991;41:
533-9.

57. Johnson K, et al. Extended use of glatiramer
acetate (Copaxone) is well tolerated and main-
tains its clinical effect on multiple sclerosis re-
lapse rate and degree of disability. Neurology
1998;50:701-8.

58. Barnes D, Hughes R, Morris E, et al. Random-
ized trial of oral and intravenous methylpred-
nisolone in acute relapses of multiple sclerosis.
Lancet 1997;349:902-6.

59. Fazekas F, Deisenhammer F, Strasser-Fuchs S,
et al. Randomized placebo-controlled trial of
monthly intravenous immunoglobulin ther-
apy in remitting relapsing multiple sclerosis.
Austrian immunoglobulin in multiple sclerosis
group. Lancet 1997;349:589-93.

60. Sorenson P, Wanscher B, Schreiber K, et al.
A double-blind, cross-over trial of intra-
venous immunoglobulin G in multiple sclero-
sis: preliminary results. Multiple Sclerosis 1997;
3:145-8.

61. Fazekas F, Deissenhammer F, Strasser-Fuchs S,
et al. Treatment effects of monthly intravenous
immunoglobulin on patients with remitting-
relapsing multiple sclerosis: further analyses
of the Austrian Immunoglobulin in MS study.
Multiple Sclerosis 1997;3:137-41.

62. McAlpine D. Familial neuromyelitis optica, oc-
currence in identical twins. Brain 1939;62:227.

63. Waxman SG. The demyelinating diseases.
In Rosenberg R, editor. Clinical Neuroscience.
New York: Churchill Livingstone; 1983; pp.
609-44.

64. Tyler HR. Acute transverse myelitis. In Wyn-
gaarden JB, Smith LH Jr, editors. Cecil: Text-
book of Medicine. Philadelphia: W.B. Saunders;
1985; pp.2138-9.

65. Bodian D. Histopathologic basis of clinical
findings in poliomyelitis. Am J Med 1949;6:
563-78.

66. Johnson RT. Acute anterior poliomyelitis. In
Wyngaarden JB, Smith LH Jr, editors. Cecil:
Textbook of Internal Medicine, 17th Edition.
Philadelphia: W.B. Saunders; 1985; pp. 2130-2.

67. Nathanson N, Martin JR. The epidemiology of
poliomyelitis: enigmas surrounding its ap-
pearance, pathogenicity, and disappearance.
Am] Epidemiol 1979;110:672-92.

68. Nkowane BM, Wassilak S, Orenstein WA, et al.
Paralytic poliomyelitis U.S.: 1973 through
1984. JAMA 1987;257:1335-40.

69. Paul JR. A History of Poliomyelitis. New Haven:
Yale University Press; 1971.

70. Robbins RC, Fox JP, Hopps HE, Horstmann
DM, Quinn TC. International symposium
on poliomyelitis control. Rev Infect Dis 1984;
6(Suppl 6):S301-601.

71. Adams RD, Victor M. Viral infections of the
nervous system. In Adams RD, Victor M, edi-
tors. Principles of Neurology. New York: Mc-
Graw-Hill; 1985; pp. 545-68.

72. Curnen EC, Shaw EW, Melnick JL. Diseases
resembling nonparalytic poliomyelitis associ-
ated with a virus pathogenic for infant mice.
JAMA 1949; 141:894-901.

73. Jarcho LW, Fred HL, Castle CH. Encephalitis
and poliomyelitis in the adult due to coxsackie
virus group B, type 5. N Engl J Med 1963;
268:235-8.

74. Lerner AM, Finland M. Coxsackie viral infec-
tions. Arch Int Med 1961; 108:329.

75. Magoffin RL, Lennette EH, Schmidt NJ. Asso-
ciation of caxsackie viruses with illness resem-
bling mild paralytic poliomyelitis. Pediatrics
1961;28:602-13.

76. Steigman AJ. Poliomyelitic properties of cer-
tain nonpolio viruses: enteroviruses and
Heine-Medin disease. J Mount Sinai Hosp NY
1958;25:391-404.

77. Wadia NH, Katrak SM, Misra VP, et al. Polio-
like motor paralysis associated with acute hem-
orrhagic conjunctivitis in an outbreak in 1981
in Bombay, India: clinical and serologic stud-
ies. J Infect Dis 1983; 147:660-8.

78. Plum F, Olson ME. Myelitis and myelopathy.
In Baker AB, Baker LH, editors. Clinical Neu-
rology. Hagerstown: Harper & Row; 1973; pp.
1-52.

79. Lennette EH, Caplan GE, Magoffin RL.
Mumps virus infection simulating paralytic
poliomyelitis. Pediatrics 1960;25:788-97.

80. Mukherjee SK. Involvement of anterior horn
of spinal cord in infectious mononucleosis. Br
Med J 1965;l:1112.

81. Hurst EW, Pawan JL. Outbreak of rabies in
Trinidad, without history of bites, and with
symptoms of acute ascending myelitis. Lancet
1931;2:622-8.

82. Knutti RE. Acute ascending paralysis and
myelitis due to the virus of rabies. JAMA 1929;
93:754-8.

83. Dalakas MC, Elder G, Hallet M, et al. A long-
term follow-up study of patients with postpo-
liomyelitis neuromuscular symptoms. N Engl J
Med 1986;314:959-63.

84. Hensinger RN, Ewen GDM. Congenital anom-
alies of the spine. In Rothman RH, Simeone
FA, editors. The Spine. Philadelphia: W.B.
Saunders; 1982; pp. 188-315.

85. Dalakas MC, Sever JL, Madden DL, et al. Late
postpoliomyelitis muscular atrophy: clinical,
virologic, and immunologic studies. Rev Infect
Dis 1984;6(Suppl 2):562-7.

86. Mulder DW, Dale AJD. Spinal cord tumors
and disks. In Baker AB, Baker LH, editors.
Clinical Neurology. Hagerstown: Harper &
Rowe; 1975; pp. 1-28.

87. Cashman NR, Siegel IM, Antel JP. Post-polio
syndrome: a review. Clin Prosthetics Orthotics
1987; 11:74-8.

88. Pezeshkpour GH, Dalakas MC. Long-term
changes in the spinal cords of patients with old
poliomyelitis. Arch Neurol 1988;45:505-8.

89. Cashman NR, Maselli R, Wollman R, et al.
Late denervation in patients with antecedent
paralytic poliomyelitis. N Engl J Med 1987;317:
7-12.

90. Johnson RT. Herpes zoster. In Wyngaarden
JB, Smith LH Jr, editors. Cecil: Textbook of Inter-
nal Medicine. Philadelphia: W.B. Saunders;
1985; pp. 2128-30.



306 Diseases of the Spine and Spinal Cord

91. Hanakawa T, Hashimoto S, Kawamura J, et al.
Magnetic resonance imaging in a patient with
segmental zoster paresis. Neurology 1997;49:
631-2.

92. Barnes DW, Whitley RJ. CNS diseases associ-
ated with varicella zoster virus and herpes sim-
plex virus infection. Neurol Clin North Am
1986;4:265-83.

93. Thomas JE, Howard FM. Segmental zoster
paresis: a disease profile. Neurology 1972;22:
459-66.

94. Hogan EL, Krigman MR. Herpes zoster
myelitis. Arch Neurol 1973;29:309-13.

95. Rose FC, Brett EM, Burston J. Zoster en-
cephalomyelitis. Arch Neurol 1964; 11:155-72.

96. Applebaum E, Kreps SI, Sunshine A. Herpes
zoster encephalitis. Am J Med 1962:32:25-31.

97. deSilva S, Mark A, Gilden D, et al. Zoster
myelitis: improvement with antiviral therapy
in two cases. Neurology 1996;47:929-31.

98. Gilden D, Wright R, Schneck S, et al. Zoster
sine herpete, a clinical variant. Ann Neurol
1994;35:530-3.

99. Mayo D, Booss J. Varicella-zoster associated
neurologic disease without skin lesions. Arch
Neurol 1989;46:313.

100. Gilden D, Beinlich B, Rubinstein E, et al. Vari-
cella-zoster myelitis: an expanding spectrum.
Neurology 1994;44:1818-23.

101. Engelter S, Lyrer P, Radu E, Steck A. Acute in-
fectious disorders of the spinal cord and its
roots with gadolinium-DTPA enhancement in
magnetic resonance imaging. J Neurol 1996;
243:191-5.

102. Gilbert RW, Kim JH, Posner JB. Epidural spinal
cord compression from metastatic tumor: diag-
nosis and treatment. Ann Neurol 1978;3:40-51.

103. Bleyer WA, Poplack DG. Intraventicular ver-
sus intralumbar methotrexate for central ner-
vous system leukemia. Med Pediatr Oncol
1979;6:207-13.

104. Osame M, Usuku K, Izumo S. HTLV-1 associ-
ated myelopathy, a new clinical entity. Lancet
1986.1031-2.

105. Gessain A, Barin F, Vernant JC, et al. Antibod-
ies to human T-lymphotropic virus type-I in
patients with spastic tropical paraparesis.
Lancet 1985;2:407-9.

106. Johnson RT, McArthur JC. Myelopathies and
retroviral infections (editorial). Ann Neurol
1987;21:113-6.

107. Vernant JC, Maurs L, Gessain A, et al. En-
demic tropical spastic paraparesis associated
with human T-Lymphotropic virus type 1: a
clinical and seroepidemiological study of 25
cases. Ann Neurol 1987:21:123-30.

108. Batson OV. The function of the vertebral veins
and their role in the spread of metastases. Ann
Surg 1940;112:138-48.

109. Osame M, Matsumoto M, Usuku K, et al.
Chronic progressive myelopathy associated
with elevated antibodies to human T-lym-
photropic virus type 1 and adult T-cell
\eukemizlikecells.Ann Neurol 1987;21:117-22.

110. Jacobson S, Raine C, Mingioli E, McFarlin D.
Isolation of an HTLV-1 like retrovirus from

patients with tropical spastic paraparesis. Na-
ture 1988;331:540.

111. Bhagavati S, Ehrlich G, Kula RW, et al. De-
tection of human T-cell lymphoma/leukemia
virus type I DNA and antigen in spinal fluid
and blood of patients with chronic progressive
myelopathy. N Engl J Med 1988;318:1141-7.

112. Kira J, Itoyama Y, Koyanaga Y, et al. Presence
of HTLV 1 proviral DNA in the central ner-
vous system of patients with HTLV-1 associ-
ated myelopathy. Ann Neurol 1992:31:39-45.

113. Nakamura T, Tsujihata M, Shirabe S, et al.
Characterization of HTLV-I in a T-cell line es-
tablished from a patient with myelopathy. Arch
Neurol 1989;46:35-7.

114. Wong-Staal F, Gallo RC. Human T-lym-
photropic retroviruses. Nature 1985;317:395-
403.

115. Gessain A, Gout O. Chronic myelopathy asso-
ciated with human T-lymphotropic virus type
I (HTLV-I). Ann Intern Med 1992;117:933-46.

116. Lehky T, Fox C, Koenig S, et al. Detection of
human T-lymphotropic virus Type 1 (HTLV-1)
tax RNA in the central nervous system of
HTLV-1-associated myelopathy/tropical spas-
tic paraparesis patients by in situ hybridiza-
tion. Ann Neurol 1995;37:167-75.

117. Power C, Weinshenker B, Dekaban G, et al.
Pathological and molecular biological features
of a myelopathy associated with HTLV-1 infec-
tion. Can] Neurol Sci 1991;18:352-5.

118. Tangy F, Vernant J, Coscoy L, et al. A search
for human T-cell leukemia virus type 1 in the
lesions of patients with tropical spastic para-
paresis and polymyositis. Ann Neurol 1995;38:
454-60.

119. Ogata A, Nagashima K, Tashiro E, et al. MRI-
pathological correlate of brain lesions in a
necropsy case of HTLV-1 associated myelopa-
thy. J Neurol Neurosurg Psychiatry 1993;56: 194-6.

120. Hollsberg P. Pathogenesis of chronic progres-
sive myelopathy associated with human T-cell
lymphotropic virus type 1. Acta Neurol Scand
Suppl 1997; 169:86-93.

121. Murphy E, Fridey J, Smith J, et al. HTLV-asso-
ciated myelopathy in a cohort of HTLV-I and
HTLV-II-infected blood donors. Neurology
1997;48:315-20.

122. Gout O, Baulac, Gessain A, et al. Rapid devel-
opment of myelopathy after HTLV-1 infection
acquired by transfusion during cardiac trans-
plantation. N Engl J Med 1990;322:383-9.

123. Levin M, Jacobson S. HTLV-1 associated
myelopathy/tropical spastic paraparesis (HAM/
TSP): a chronic progressive neurologic disease
associated with immunologically mediated
damage to the central nervous system. J Neu-
rovirol 1997;3:126-40.

124. Puccioni-Sohler M, Rieckmann P, Kitze B, et
al. A soluble form of tumor necrosis factor re-
ceptor in cerebrospinal fluid and serum of hu-
man T-lymphotropic virus type 1 associated
myelopathy and other neurological diseases. J
Neurol 1995;242:239-42.

125. Robert-Guroff M, Weiss SH, Giron JA, et al.
Prevalence and antibodies to HTLV-I, -II, -III



Noncompressive Myelopathies 307

in intravenous drug abusers from an AIDS
epidemic region. JAMA 1986;255:3133-7.

126. Rosenblum M, Brew B, Hahn B, et al. Hu-
man T-lymphotropic virus type 1-associated
myelopathy in patients with acquired immu-
nodeficiency syndrome. Hum Pathol 1992;23:
513-9.

127. Lehky T, Flerlage N, Katz D, et al. Human T-
cell lymphotropic virus type II-associated
myelopathy: clinical and immunologic pro-
files. Ann Neurol 1996;40:714-23.

128. Newton M, Criuckshank K, Miller D, et al. An-
tibodies to human T-cell lymphotropic virus
Type 1 in West Indian-born UK residents with
spastic paraparesis. Lancet 1987.415-6.

129. Godoy A, Kira J, AHasuo K, Goto I. Charac-
terization of cerebral white matter lesions of
HTLV-1-associated myelopathy/tropical spas-
tic paraparesis in comparison with multiple
sclerosis and collagen-vasculitis: a semiquan-
titative MRI study. / Neurol Sci 1995; 133:
102-11.

130. Kuroda Y, Matsui M, Yukitake M, et al. Assess-
ment of MRI criteria for MS in Japanese MS
and HAM/TSP. Neurology 1995;45:30-3.

131. Moritoyo H, Arimura K, Arimura Y, et al.
Study of lower limb somatosensory evoked
potentials in 96 cases of HTLV-1-associated
myelopathy/tropical spastic paraparesis. J Neu-
rol Sci 1996;138:78-81.

132. Nakagawa M, Nakahara K, Maruyama M, et
al. Therapeutic trials in 200 patients with
HTLV-1-associated myelopathy/tropical spas-
tic paraparesis. J Neurovirol 1996;2:345-55.

133. Goldstick L, Mandybur TI, Bode R. Spinal
cord degeneration in AIDS. Neurology 1985;
35:103-6.

134. Grafe MR, Wiley CA. Spinal cord and periph-
eral nerve pathology in AIDS: the roles of cy-
tomegalovirus abd human immunodeficiency
virus. Ann Neurol 1989;25:561-6.

135. McArthur JC, Johnson RT. Primary infection
with human immunodeficiency virus. In
Rosenblum ML, Levy RM, Bredesen DE, edi-
tors. AIDS and the Nervous System. New York:
Raven Press; 1988; pp. 183-202.

137. Snider WD, Simpson DM, Nielsen S, et al.
Neurological complications of acquired im-
mune deficiency syndrome: analysis of 50 pa-
tients. Ann Neurol 1983;14:403-18.

138. Tan S, Guiloff R, Scaravilli F. AIDS-associated
vacuolar myelopathy. A morphometric study.
Brain 1995; 118:1247-61.

139. Levy JA, Shimabukuro J, Hollander H, et al.
Isolation of AIDS associated retroviruses
from cerebrospinal fluid and brain of patients
with neurological symptoms. Lancet 1985;2:
586-8.

140. Levy R, Bredesen DE. Central nervous system
dysfunction in acquired immunodeficiency
syndrome. In Rosenblum ML, Levy RM, Bre-
desen DE, editors. AIDS and the Nervous System.
New York: Raven Press; 1988; pp. 29-63.

141. Rosenblum M, Scheck AC, Cronin K, et al.
Dissociation of AIDS-related vacuolar myelopa-
thy and productive human immunodeficiency

virus type 1 (HIV-1) infection of the spinal
cord. Neurology 1989;39:892-6.

142. Kamin S, Petito C. Idiopathic myelopathies
with white matter vacuolation in non-acquired
immunodeficiency syndrome patients. Hum
Pathol 1991;22:816-24.

143. Tyor W, Glass J, Baumrind N, et al. Cytokine
expression of macrophages in HIV-1-associated
vacuolar myelopathy. Neurology 1993;43: 1002-9.

144. Tan S, Guiloff R, Henderson D, et al. AIDS-
associated vacuolar myelopathy and tumor
necrosis factor-alpha (TNFalpha). J Neurol Sci
1996;138:134-44.

145. Tyor W, Wesselingh S, Griffin J, et al. Unifying
hypothesis for the pathogenesis of HlV-associ-
ated dementia complex, vacuolar myelopathy
and senssory neuropathy. J Acquir Immun Defic
SyndrHum Retrovirol 1995;9:379-88.

146. Petito CK, Navia BA, Cho E-S, et al. Vacuolar
myelopathy pathologically resembling sub-
acute combined degeneration in patients with
acquired immunodeficiency syndrome. N Engl
JMed 1985;312:874-9.

147. Silver B, McAvoy K, Mikesell S, Smith T. Ful-
minating encephalopathy with perivenular de-
myelination and vacuolar myelopathy as the
initial presentation of human immunode-
ficiency virus infection. Arch Neurol 1997;54:
647-50.

148. Berger J, Bender A, Resnick L, Perlmutter D.
Spinal myoclonus associated with HTLV
111/LAV infection. Arch Neurol 1986;43: 1203-4.

149. Berger J, Tornatore C, Major E, et al. Relaps-
ing and remitting human immunodeficiency
virus-associated leukoencephalopathy. Ann
Neurol 1992;31:34-8.

150. Santosh C, Bell J, Best J. Spinal tract pathol-
ogy in AIDS: postmortem MRI correlation
with neuropathology. Neuroradiology 1995;37:
134-8.

151. Rosenblum ML, Levy RM, Bredesen DE. AIDS
and the Nervous System New York: Raven Press;
1988.

152. Britton DB, Mesa-Tejada R, Fenoglio CM, et
al. A new complication of AIDS: thoracic
myelitis caused by herpes simplex virus. Neu-
rology 1985;35:1071-4.

153. Klastersky J, Cappel R, Snoeck JM. Ascending
myelitis in association with herpes simplex
virus. N Engl JMed 1972:287:182-4.

154. Morgello S, Cho E-S, Nielsen S, et al. Cy-
tomegalovirus encephalitis in patients with
acquired immunodeficiency syndrome. Hum
Pathol 1987;18:289-97.

155. Tucker T, Dix RD, Katzen C, et al. Cy-
tomegalovirus and herpes simplex virus as-
cending myelitis in a patient with acquired im-
munodeficiency syndrome. Ann Neurol 1985;
18:74-9.

156. Kim Y, Hollander H. Polyradiculopathy due to
cytomegalovirus: report of two cases in which
improvement occurred after prolonged ther-
apy and review of the literature. Clin Infect Dis
1993:17:32-7.

157. Cohen B, McArthur J, Grohman S, et al. Neuro-
logic prognosis of cytomegalovirus polyradicu-



308 Diseases of the Spine and Spinal Cord

lomyelopathy in AIDS. Neurology 1993;43:
493-9.

158. Vinters H, Kwok M, Ho H, et al. Cy-
tomegalovirus in the nervous system of pa-
tients with the acquired immunodeficiency
syndrome. Brain 1989;112:245-68.

159. deGans J, Portegies P, Tiessens G, et al. Ther-
apy for cytomegalovirus polyradiculomyelitis
in patients with AIDS. AIDS 1990;4:421-5.

160. Fuller G, Gill S, Guiloff R, et al. Ganciclovir
for lumbosacral polyradiculopathy in AIDS.
Lancet 1990;335:48-9.

161. McCutchan J. Clinical impact of cy-
tomegalovirus infections of the nervous system
in patients with AIDS. Clin Infect Dis 1995;
21(Suppl2):S196-201.

162. Herskowitz S, Siegel S, Schneider A, et al.
Spinal cord toxoplasmosis in AIDS. Neurology
1989;39:1552.

163. Woolsey RM, Chambers TJ, Chung HD, Mc-
Garry JD. Mycobacterial meningomyelitis as-
sociated with human immunodeficiency virus
infection. Arch Neurol 1988;45:691-3.

164. Melhem E, Wang H. Intramedullary spinal
cord tuberculoma in a patient with AIDS. Am J
Neuroradiol 1992; 13:986-8.

165. Poon T, Tchertkoff V, Pares G, et al. Spinal
cord toxoplasma lesion in AIDS: MR findings.
J Comput Assist Tomogr 1992; 16:817-9.

166. Mehren M, Burns PJ, Mamani F, et al. Toxo-
plasmic myelitis mimicking intramedullary
spinal cord tumor. Neurology 1988;38:1648-50.

167. Berger J. Spinal cord syphilis associated with
human immunodeficiency virus infection: a
treatable myelopathy. Am J Med 1992;92:
101-3.

168. Devinsky O, Cho E, Petito C, Price R. Her-
pes zoster myelitis. Brain 1991;114(Part 3):
1181-96.

169. Chetrien F, Gray F, Lescs M, et al. Acute vari-
cella-zoster virus ventriculitis and meningo-
myelo-radiculitis in AIDS, Acta Neuropathol
1993;86:659-65.

170. Bermudez MA, Grant KM, Rodvien R,
Mendes F. Non-Hodgkin's lymphoma in a
population with or at risk for acquired immu-
nodeficiency syndrome: indications for inten-
sive chemotherapy. Am J Med 1989;86:7l-6.

171. Hochberg FH, Miller DG. Primary central
nervous system lymphoma. Review article. J
Neurosurg 1988;68:835-53.

172. Jordan KG. Modern neurosyphilis—a critical
analysis. West J Med 1988;149:47-57.

173. Lukehart SA, Hooker EW, Baker-Zander SA,
et al. Invasion of the central nervous system by
Treponema pallidum: implications for diagno-
sis and therapy. Ann Intern Med 1988; 109:
855-62.

174. Merritt HH, Adams RD, Solomon HC. Neu-
rosyphilis. New York: Oxford University Press;
1946.

175. Adams RD, Victor M. Nonviral infections of
the nervous system. In Adams RD, Victor M,
editors. Principles of Neurology. New York: Mc-
Graw-Hill; 1985; pp.510-44.

176. Musher DM. How much penicillin cures
syphilis? (editorial). Ann Intern Med 1988; 109:
849-51.

177. Davis LE, Schmitt JW. Clinical significance of
cerebrospinal fluid tests for neurosyphilis. Ann
Neurol 1989;25:50-5.

178. Pachner AR. Spirochetal diseases of the CNS.
Neurol Clin North Am 1986;4:207-22.

179. Simon RP. Neurosyphilis. Arch Neurol 1985;42:
606-13.

180. Bleyer WA, Byrne TN. Leptomeningeal can-
cer in leukemia and solid tumors. Curr Probl
Cancer 1988;12:185-238.

181. Hook E. Syphilis. In Scheld W, Whitley R, Du-
rack D, editors. Infections of the Central Nervous
System. Philadelphia: Lippincott-Raven; 1997;
pp.669-84.

182. CDC. 1989 Sexually transmitted diseases
treatment guidelines. MMWR Morb Mortal
WklyRep 1989;38(Suppl 8):9.

183. Steere AC, Broderick TF, Malawista SE. Ery-
thema chronicum migrans and Lyme arthritis:
epidemiologic evidence for a tick vector. Am J
Epidemiol 1978;108:312-21.

184. Steere AC, Grodzicki RL, Kornblatt AN, et al.
The spirochetal etiology of Lyme disease. N
EnglJMed 1983;308:733-40.

185. Steere AC, Malawista SE, Bartenhagen NH, et
al. The clinical spectrum and treatment of
Lyme disease. Yale J Biol Med 1984;57:453-61.

186. Pachner AR, Duray P, Steere AC. Central ner-
vous system manifestations of Lyme disease.
Arch Neurol 1989;46:790-5.

187. Reik L, Steere AC, Bartenhagen NH, Shope
RE, Malawista SE. Neurologic abnormalities of
Lyme disease. Medicine 1979;58:281-94.

188. Luft BJ, Steinman CR, Neimark HC, et al. In-
vasion of the central nervous system by Borre-
lia burgdorferi in acute disseminated infec-
lion. JAMA 1992;267:1364-7.

189. Reik L. Lyme disease. In Scheld W, Whitley R,
Durack D, editors. Infections of the Central Ner-
vous System. Philadelphia: Lippincott-Raven;
1997; pp.685-718.

190. Finkel ME Lyme disease and its neurological
complications. Arch Neurol 1988;45:99-104.

191. Coyie PK. Borrelia burgdorferi antibodies in
multiple sclerosis patients. Neurology 1989;39:
760-1.

192. Halperin JJ, Luft BJ, Anand AK, et al. Lyme
neuroborelliosis: central nervous system mani-
festations. Neurology 1989;39:753-9.

193. Logigian EL, Kaplan RE, Steere AC. Chronic
neurologic manifestations of Lyme disease. N
Eng J Med 1990;323:1438-44.

194. Rousseau JJ, Lust C, Zangerle PF, Bigaignon
G. Acute transverse myelitis as presenting neu-
rological feature of Lyme disease. Lancet 1986;
II:1222-3.

195. Christen H, Hanefeld FJ, Eiffert H, Thomssen
R. Epidemiology and clinical manifestations of
Lyme borreliosis in childhood: a prospective
multicentre study with special regard to neu-
roborreliosis. Acta Paediatr (Suppl) 1993;386:
1-76.



Noncompressive Myelopathies 309

196. Hansen K, Lebech A. The clinical and epi-
demiological profile of Lyme neuroborreliosis
in Denmark 1985-1990: a prospective study of
187 patients with Borrelia burgdorferi specific
intrathecal antibody production. Brain 1992;
115:399-423.

197. Steere A, Berardi V, Weeks K, et al. Evaluation
of the intrathecal antibody response to Bor-
relia burgdorferi as a diagnostic test for
Lyme neuroborreliosis. J Infect Dis 1990;161:
1203-9.

198. Hammers-Berggren S, Hansen K, Lebach A,
Karlsson M. Borrelia burgdorferi-specific in-
trathecal antibody production in neuroborre-
liosis: a follow-up study. Neurology 1993;43:
169-75.

199. Nocton J, Bloom B, Rutledge B, et al. Detec-
tion of Borrelia burgdorferi DNA by poly-
merase chain reaction in cerebrospinal fluid in
Lyme neuroborreliosis. / Infect Dis 1996; 174:
623-7.

200. Schoen RT. Lyme Disease. In Rakel RE, editor.
Conn's Current Therapy. Philadelphia: W.B.
Saunders; 1989; pp. 866-9.

201. Chaduri RN. Paralytic disease caused by con-
tamination with tricresyl phosphate. Trans R
Soc Trop Med Hyg 1965;59:98.

202. Smith HV, Spalding JMK. Outbreak of paraly-
sis in Morocco due to ortho-cresyl phosphate
poisoning. Lancet 1959;2:1019-21.

203. Aring CD. The systemic nervous affinity of tri-
orthocresyl phosphate (Jamaica ginger palsy).
Brain 1942;65:34-47.

204. Killen DA, Foster JH. Spinal cord injury as a
complication of aortography. Ann Surg
1960;152:211-30.

205. Killen DA, Foster JH. Spinal cord injury as a
complication of contrast angiography. Surgery
1966;59:969-81.

206. Abeshouse BA, Tiongson AT. Paraplegia, a
rare complication of translumbar aortography.
J Urol 1956;75:348.

207. Roman GC, Spencer PS, Schoenberg BS.
Tropical myeloneuropathies: the hidden en-
demias. Neurology 1985;35:1158-70.

208. Adams RD, Victor M. Disorders of the nervous
system due to drugs and other chemical
agents. In Adams RD, Victor M, editors. Prin-
ciples of Neurology. New York: McGraw-Hill;
1985; pp. 826-58.

209. Dastur DK. Lathyrism. Some aspects of the
disease in man and animals. World Neurol
1962;3:721-30.

210. Siegal S. Transverse myelopathy following re-
covery from pneumococcic meningitis treated
with penicillin intrathecally: report of a case
with note on current methods of therapy.
JAMA 1945;129:547-50.

211. Sweet KK, Dumont-Stanley E, Dowling HF,
Lepper MH. The treatment of pneumococcic
meningitis with penicillin. JAMA 1945; 127:
263-7.

212. Walker AE. Toxic effects of intrathecal admin-
istration of penicillin. AMA Arch Neurol Psychiat
1947;58:39-45.

213. Evans JP, Keegan HR. Danger in the use of
intrathecal methylene blue. JAMA 1960;174:
856-9.

214. Schultz P, Scwarz GA. Radiculomyelopathy fol-
lowing intrathecal instillation of methylene
blue. Arch Neurol 1970;22:240-4.

215. Davis L, Haven H, Givens JH, Emmett J. Ef-
fects of spinal anesthetics on the spinal cord
and its membranes: experimental study. JAMA
1931;97:1781-5.

216. Dripps RD, Vandam LD. Long-term follow-up
of patients who received 10,098 spinal anes-
thetics: failure to discover major neurological
sequelae. JAMA 1954;156:1486-91.

217. Paddison RM, Alpers BJ. Role of intrathecal
detergents in pathogenesis of adhesive arach-
noiditis. AMA Arch Neurol Psychiat 1954;71:
87-100.

218. Thorsen G. Neurological complications after
spinal anesthesia and results from 2,493 fol-
low-up cases. Acta Chir Scand 1947;95(Suppl
121).

219. Pendergrass EP, Schaeffer JP, Hodes PJ. The
Head and Neck in Roentgen Diagnosis, 2nd Edi-
tion. Springfield, IL: C.C. Thomas; 1956.

220. Winkelman NW. Neurological symptoms fol-
lowing accidental intraspinal detergent injec-
tion. Neurology 1952;2:284.

221. Kamman GR, Baker AB. Damage to the spinal
cord and meninges following spinal anesthe-
sia: a clinico-pathological study. Minn Med
1943;26:786-91.

222. Kennedy F, Effron AS, Perry G. The grave
spinal cord paralyses caused by spinal anesthe-
sia. Surg Gynecol Obstet 1950;91:385-98.

223. Adams RD, Kubik CS. The morbid anatomy of
the demyelinating diseases. Am J Med 1952; 12:
510-46.

224. Luddy RE, Gilman PA. Paraplegia following
intrathecal methotrexate. / Pediatr 1973;83:
988-92.

225. Saiki JH, Thompson S, Smith F, Atkinson R.
Paraplegia following intrathecal chemother-
apy. Cancer 1972;29:370-4.

226. Weiss HD, Walker MD, Wiernik PH. Neuro-
toxicity of commonly used antineoplastic
agents. N Engl J Med 1974;291:75-81, 127-33.

227. Wolff L, Zighelbohm J, Gale RP. Paraplegia
following intrathecal cytosine arabinoside.
Cancer 1979;43:83-5.

228. Kaplan RS, Wiernik PH. Neurotoxicity of anti-
neoplastic drugs. Semin Oncol 1982;9:103-29.

229. Duttera MJ, Bleyer WA, Pomeroy TC, et al. Ir-
radiation, methotrexate toxicity, and treat-
ment of meningeal leukemia. Lancet 1973;2:
703-7.

230. Haughton VM, Ho K-C. Arachnoid response
to contrast media: a comparison of iophendy-
late and Metrizamide in experiemental ani-
mals. Radiology 1982; 143:699-702.

231. Junck L, Marshall WH. Neurotoxicity of radi-
ological contrast agents. Ann Neurol 1983; 13:
469-84.

232. Williams AG, Seiger RS, Kornfield M. Experi-
mental production of arachnoiditis with glove



310 Diseases of the Spine and Spinal Cord

powder contamination during myelography.
Am] Neuroradiol 1982;3:121-5.

233. Lewis VL, Rosenbaum AE. Neurologic compli-
cations of radiologic procedures. In Asbury
AK, McKhann GM, McDonald WI, editors.
Diseases of the Nervous System. Philadelphia:
W.B. Saunders; 1986; pp. 1592-1603.

233a. Caplan LR, Norohna AB, Amico LL. Sy-
ringomyelia and arachnoiditis. J Neurol Neuro-
surg Psychiatr 1990;53:106-13.

234. Calabro JJ. The seronegative spondy-
loarthropathies: a graduated approach to
management. Postgrad Med 1986;80:173-88.

235. Grossman CB, Post MJ D. The adult spine. In
Gonzalez CF, Grossman CB, Masdeau JC, edi-
tors. Head and Spine Imaging. New York: John
Wiley & Sons; 1985; pp. 781-858.

236. Haughton VM, Williams AL. Computed Tomog-
raphy of the Spine. St. Louis: C.V. Mosby; 1982.

237. Ross JS. Inflammatory disease. In Modic MT,
Masaryk TJ, Ross JS, editors. Magnetic Reso-
nance Imaging of the Spine. Chicago: Year Book
Medical Publishers; 1988; pp. 167-82.

238. Ross JS, Masaryk TJ, Modic MT, et al. MR
imaging of lumbar arachnoiditis. AJNR 1987;
8:885-92.

239. Sze G. Gadolinium-DTPA in spinal disease.
Radiol Clinics North Am 1988;26:1009-24.

239a. Dolan R. Spinal adhesive arachnoiditis. Surg
Neurol 1993;39:479-84.

239b. Wilmink J, Hofman P. MRI of the postopera-
tive lumbar spine: triple-dose gadodiamide
and fat suppression (published erratum in
Neuroradiology 1997;39:820). Neuroradiology
1997;39:589-92.

239c. Laitt R, Jackson A, Isherwood I. Patterns of
chronic adhesive arachnoiditis following Myo-
dil myelography: the significance of spinal ca-
nal stenosis and previous surgery. Br J Radiol
1996;69:693-8.

239d. Fitt G, Stevens J. Postoperative arachnoiditis
diagnosed by high resolution fast spin-echo
MRI of the lumbar spine. Neuroradiology 1995;
37:139-45.

240. Dubuisson D. Nerve root damage and arach-
noiditis. In Wall PD, Melzack R, editors. Text-
book of Pain. Edinburgh: Churchill Living-
stone; 1984; pp.435-50.

241. Shaw MDM, Russell JA, Grossart KW. The
changing pattern of spinal arachnoiditis. J
Neurol Neurosurg Psychiaty 1978;41:97-107.

242. Brown WJ, Kagan AR. Comparison of
myelopathy associated with megavoltage irra-
diation and remote cancer. In Gilbert HJ, Ka-
gan AR, editors. Radiation Damage to the Ner-
vous System. New York: Raven Press; 1980; pp.
191-206.

243. Kagan AR, Wollin M, Gilbert HA, et al. Com-
parison of the tolerance of the brain and
spinal cord to injury by radiations. In Gilbert
HA, Kagan AR, editors. Radiation Damage to the
Nervous System. New York: Raven Press; 1980;
pp.183-90.

244. Brenk HASVd, Richter W, Hurley RH. Ra-
diosensitivity of the human oxygenated cervi-
cal spinal cord based on analysis of 357 cases

receiving 4 MeV X rays in hyperbaric oxy-
genation. Br J Radiol 1968;41:205-14.

245. Reagan TJ, Thomas JE, Colby MY. Chronic
progressive radiation myelopathy: its clinical
aspects and differential diagnosis. JAMA 1968;
103:106-10.

246. Lhermitte J, Bollak NM. Les douleurs a type
de decharge electrique consecutives a la flex-
ion cephalique dans la sclerose en plaque. Rev
Neurol (Pans) 1924;31:36-52.

247. Word JA, Kalokhe UP, Aron BS, Elson HR.
Transient radiation myelopathy (Lhermitte's
sign) in patients with Hodgkin's disease
treated by mantle radiation. Int J Radiat Oncol
BiolPhys 1980;6:1731-3.

248. Jones A. Transient radiation myelopathy (with
reference to Lhermitte's sign of electrical
paresthesia). Br J Radiol 1964;37:727-44.

249. Rottenberg DA. Acute and chronic effects of
radiation therapy on the nervous system. In
Posner JB, editor. Neuro-Oncology III, Memorial
Sloan-Kettering Cancer Center. New York:
MSKCC; 1981; pp. 88-98.

250. Dejong RN. Sensation. In Vinken PJ, Bruyn
GW, editors. Handbook of Clinical Neurology, Vol-
ume 1. Amsterdam: North-Holland; 1969; pp.
80-113.

251. Benninger TR, Patterson VH. Lhermitte's
sign as a presenting symptom of B12 defi-
ciency. Ulster Med J 1984;53:162-3.

252. Gautier-Smith PC. Lhermitte's sign in sub-
acute degeneration of the cord. J Neurol Neuro-
surg Psychiatry 1973;36:861-3.

253. Sandyk R, Brennan MJW. Lhermitte's sign as
a presenting symptom of subacute degenera-
tion of the cord. Ann Neurol 1983;13:215-6.

254. Chan RC, Steinboh P. Delayed onset of Lher-
mitte's sign following head and/or neck in-
juries. J Neurosurg 1984;60:609-12.

255. Khanchandani R, Howe JG. Lhermitte's sign
in multiple sclerosis: a clinical survey and re-
view of the literature. J Neurol Neurosurg Psy-
chiatry 1982;45:308-12.

256. Walther PJ, Rossitch E, Bullard DE. The de-
velopment of Lhermitte's sign during cisplatin
chemotherapy: possible drug-induced toxicity
causing spinal cord demyelination. Cancer
1987;60:2170-2.

257. Smith KJ, McDonald WI. Spontaneous and
evoked electrical discharges from a central de-
myelinating lesion. J Neurol Sci 1982;55:39-47.

258. Dorfman L, Donaldson S, Gupta P, et al. Elec-
trophysiologic evidence of subclinical injury to
the posterior columns of the human spinal
cord after therapeutic radiation. Cancer
1982;50:2815-9.

259. Chiang C, Mason K, Withers H, et al. Alter-
ation in myelin-associated proteins following
spinal cord irradiation in guinea pigs. Int] Ra-
diat Oncol Biol Phys 1992;24:929-37.

260. Ruifrok A, Kleiboer B, Kogel AVD. Radiation
tolerance and fractionation sensitivity of the
developing rat cervical spinal cord. Int] Radiat
Oncol Biol Phys 1992;24:505-10.

261. Fogelholm R, Haltia M, Andersson LC. Radia-
tion myelopathy of the cervical spinal cord



Noncompressive Myelopathies 311

simulating intramedullary neoplasm. / Neurol
Neurosurg Psychiatry 1974;37:1177-80.

262. Marty R, Minckler DS. Radiation myelitis sim-
ulating tumor. Arch Neurol 1973;29:352-4.

263. Pallis CA, Louis S, Morgan RL. Radiation
myelopathy. Brain 1961;84:460-76.

264. Palmer JJ. Radiation myelopathy. Brain 1972;
95:109-22.

265. Sanyal B, Pant GC, Subrahmaniyan K, et al.
Radiation myelopathy. / Neurol Neurosurg Psy-
chiatry 1979;42:413-8.

266. Byrne TN. Spinal cord compression from
epidural metastases. N Engl J Med 1992;327:
614-9.

267. Melki P, Halimi P, Wibault P, et al. MRI in
chronic progressive radiation myelopathy. J
Comput Assist Tomogr 1994; 18:1-6.

268. Michikawa M, Wada Y, Sano M, et al. Radia-
tion myelopathy: significance of gadolinium-
DTPA enhancement in the diagnosis. Neurora-
diology 1991;33:286-9.

269. Krishnan KR, Smith WT. Intramedullary he-
mangioblastoma of the spinal cord associated
with pial varicosities simulating intradural an-
gioma. J Neurol Neurosurg Psychiatry 1961; 24:
350-2.

270. Burns RJ, Jones AN, Robertson JS. Pathology
of radiation myelopathy. J Neurol Neurosurg
Psychiatry 1972;35:888-98.

271. Ang K, Price R, Stephens L, et al. The tol-
erance of primate spinal cord to re-irradiation.
Int J Radiat Oncol Biol Phys 1993;25:459- 64.

272. Powers B, Beck E, Gillette E, et al. Pathol-
ogy of radiation injury to the canine spinal
cord. Int J Radiat Oncol Biol Phys 1992;23:539-
49.

273. Godwin-Austen RB, Howell DA, Worthing-
ton B. Observations on radiation myelopathy.
Brain 1975;98:557-68.

274. Schultheiss T, Stephens L, Maor M. Analysis of
the histopathology of radiation myelopathy.
Int J Radiat Oncol Biol Phys 1988; 14:27-32.

275. Sawaya R, Rayford A, Kona S, et al. Plasmino-
gen activator inhibitor-1 in the pathogenesis
of delayed radiation damage in the rat spinal
cord in vivo. J Neurosurg 1994;81:381-7.

276. Delattre JY, Rosenblum MK, Thaler HT, et al.
A model of radiation myelopathy in the
rat. Pathology, regional capillary permeability
changes and treatment with dexamethasone.
Brain 1988;111:1319-36.

277. Glantz M, Burger P, Friedman A, et al. Treat-
ment of radiation-induced nervous system in-
jury with heparin and warfarin. Neurology
1994;44:2020-7.

278. Greenfield MM, Stark FM. Post-irradiation
neuropathy. Am J Roentgenol Radium Ther Nucl
Med 1948;60:617-22.

279. Kristensen O, Melgard B, Schiodt AV. Radia-
tion myelopathy of the lumbosacral spinal
cord. Acta Neurol Scand 1977;56:217-22.

280. Sadowsky CH, Sachs E, Ochoa J. Postradiation
motor neuron syndrome. Arch Neurol 1976;33:
786-7.

281. Lamy C, Mas J, Varet B, et al. Postradiation
lower motor neuron syndrome presenting as

monomyelic amyotrophy. J Neurol Neurosurg
Psychiatry 1991;64:648-9.

282. Malapert D, Brugieres P, Degos J. Motor neu-
ron syndrome in the arms after radiation
treatment. J Neurol Neurosurg Psychiatry 1991;
54:1123-4.

283. Schold SC, Cho E-S, Somasundaram M, Posner
JB. Subacute motor neuronopathy: a remote
effect of lymphoma. Ann Neurol 1979;5: 271-87.

284. Berlit P, Schwechheimer K. Neuropathological
findings in radiation myelopathy of the lum-
bosacral cord. Eur Neurol 1987;27:29-34.

285. Allen J, Miller D, Budzilovich G, et al. Brain
and spinal cord hemorrhage in long-term sur-
vivors of malignant pediatric brain tumors: a
possible late effect of therapy. Neurology 1991;
41:148-50.

286. Posner J. Neurologic Complications of Cancer.
Philadelphia: FA Davis; 1995; Contemporary
Neurology Series.

287. Panse F. Electrical lesions of the nervous sys-
tem. In Vinken PJ, Bruyn GW, editors. Hand-
book of Clinical Neurology, Volume 7. Amsterdam:
North-Holland; 1970; pp. 344-87.

288. Farrell DF, Starr A. Delayed neurological se-
quelae of electrical injuries. Neurology 1968; 18:
601-6.

289. Jackson FE, Martin R, Davis R. Delayed quad-
riplegia following electrical burn. Mil Med
1965;130:601-5.

290. Russell JSR, Batten FE, Collier J. Subacute
combined degeneration of the spinal cord.
Brain 1900;23:39-110.

291. Healton E, Savage D, Brust J, et al. Neurologic
aspects of cobalamin deficiency. Medicine 1991;
70:229-45.

292. Kunze K, Leitenmaier K. Vitamin B12 defi-
ciency and subacute combined degeneration
of the spinal cord (funicular spinal disease). In
Vinken PJ, Bruyn GW, editors. Handbook of
Clinical Neurology, Volume 28. Amsterdam:
North-Holland; 1976; pp. 141-98.

293. Lindenbaum J, Healton EB, Savage DG, et al.
Neuropsychiatric disorders caused by cobal-
amin deficiency in the absence of anemia or
macrocytosis. N Engl J Med 1988;318:1720-8.

294. Victor M, Lear AA. Subacute combined degen-
eration of the spinal cord. Am J Med 1956;
20:896-911.

295. Farmer TW. Neurologic complications of vita-
min and mineral disorders. In Baker AB,
Baker LH, editors. Clinical Neurology. Hagers-
town: Harper & Row; 1979; Chapter 42.

296. Tefferi A, Pruthi R. The biochemical basis of
cobalamin deficiency. Mayo Clin Proc 1994;
69:181-6.

297. Pennypacker L, Allen RH, Kelly J, et al. High
prevalence of cobalamin deficiency in elderly
outpatients. / Am Geriatr Soc 1992;40:1197-
2004.

298. Green R, Kinsella L. Current concepts in the
diagnosis of cobalamin deficiency. Neurology
1995;45.T 435-40.

299. Yao Y, Yao S-L, Yao S-S, et al. Prevalence of vi-
tamin B12 deficiency among geriatric outpa-
tients. J Fam Pract 1992;35:524-8.



312 Diseases of the Spine and Spinal Cord

300. Cruickshank EK. Effects of malnutrition on
the central nervous system and the nerves. In
Vinken PJ, Bruyn GW, editors. Handbook of
Clinical Neurology, Volume 28. Amsterdam:
North-Holland; 1976; pp. 1-41.

301. Denny-Brown D. Neurological conditions re-
sulting from prolonged and severe dietary re-
striction. Medicine 1947;26:41-113.

302. Grieve S, Jacobson S, Proctor NSF. A nutri-
tional myelopathy occurring in the Bantu on
the Witwatersrand. Neurology 1967; 17:1205-12.

303. Spillane JD. Nutritional Disorders of the Nervous
System. Edinburgh: Livingstone; 1947.

304. Erbsloh F, Abel M. Deficiency neuropathies. In
Vinken PJ, Bruyn GW, editors. Handbook of
Clinical Neurology, Volume 7. Amsterdam:
North-Holland; 1970; pp. 558-663.

305. Dreyfus PM. Amblyopia and other neurologi-
cal disorders associated with chronic alco-
holism. In Vinken PJ, Bruyn GW, editors.
Handbook of Clinical Neurology, Volume 28. Am-
sterdam: North-Holland; 1976; pp. 331-47.

306. Bechar M, Freud M, Kott E, et al. Hepatic cir-
rhosis with post-shunt myelopathy. J Neurol Sci
1970;11:101-7.

307. Gauthier G, Wildi E. L'encephalo-myelopathie
porto-systemique. Rev Neurol 1975;131:319-
38.

308. Leigh AD, Card WI. Hepato-lenticular degen-
eration. A case associated with postero-lateral
column degeneration.J Neuropathol Exp Neurol
1949;8:338-46.

309. Plum F, Hindfelt B. The neurological compli-
cations of liver disease. In Vinken PJ, Bruyn
GW, editors. Handbook of Clinical Neurology, Vol-
ume 27. Amsterdam: North-Holland; 1976; pp.
349-76.

310. Zieve L, Mendelson DF, Goepfert M. Shunt
encephalomyelopathy. II. Occurrence of per-
manent myelopathy. Ann Intern Med 1960;53:
53-63.

311. Blackwood W. Discussion on the vascular dis-
ease of the spinal cord. Proc R Soc Med 1958;
51:543-7.

312. Vinters HV, Gilbert JJ. Hypoxic myelopathy.
Can J Neurol Sci 1979;6:380.

313. Cheshire W, Santos C, Massey E, Howard J.
Spinal cord infarction; etiology and outcome.
Neurology 1996;47:321-30.

314. Dejong RN. The neurological manifestations of
diabetes mellitus. In Vinken PJ, Bruyn GW, edi-
tors. Handbook of Clinical Neurology, Volume 27.
Amsterdam: North-Holland; 1976; pp. 99-142.

315. Henson RA, Parsons M. Ischaemic lesions of
the spinal cord: an illustrated review. QJ Med

316. Richardson EP Jr. Systemic lupus erythemato-
sus. In Vinken PJ, Bruyn GW, editors. Hand-
book of Clinical Neurology, Volume 39. Amster-
dam: North-Holland; 1980; pp. 273-92.

317. Bots TAM, Wattendorf AR, Buruma OJS.
Acute myelopathy caused by fibrocartilage-
nous emboli. Neurology 1981;31:1250-6.

318. Naiman JL, Donahue WL, Pritchard JS. Fatal
nucleus pulposus embolism of spinal cord af-
ter trauma. Neurology 1961;11:83-7.

319. Preobrajensky PA. Syphilitic paraplegias with
dissociated disturbances of sensibility. J Neu-
ropat Psikhiat 1904;4:594.

320. Silver JR, Buxton PH. Spinal stroke. Brain
1974;97:539-50.

321. Perier O, Demanet JC, Hennaux J, et al. Ex-
iste-t-il un syndrome des arteres spinales pos-
terieures? Rev Neurol 1960; 103:396-409.

322. Buchan AM, Barnett HJM. Infarction of the
spinal cord. In Barnett HJM, Mohr JP, Stein
BM, Yatsu FM, editors. Stroke: Pathophysiol-
ogy, Diagnosis and Management. New York:
Churchill Livingstone; 1986; pp. 707-19.

323. Fieschi C, Gottlieb A, Carolis VD. Ischaemic
lacunae in the spinal cord of arteriosclerotic
subjects. J Neurol Neurosurg Psychiatry 1970;33:
138-46.

324. Taylor JR, Allen MWV. Vascular malformation
of the cord with transient ischemia attacks. /
Neurosurg 1969;31:576-8.

325. Hughes JT. Venous infarction of the spinal
cord. Neurology 1971;21:794-800.

326. Mancall EL, Remedios KR. Necrotizing
myelopathy associated with visceral carci-
noma. Brain 1964;87:639-55.

327. Hallenbeck J, Bove A, Elliott D. Mechanisms
underlying spinal cord damage in decompres-
sion sickness. Neurology 1975;25:308-16.

328. Kim R, Smith HR, Henbest ML, Choi BH.
Nonhemorrhagic venous infarction of the
spinal cord. Ann Neurol 1984; 15:379-85.

329. Yuh W, Marsch E, Wang A, et al. MR imaging
of spinal cord and vertebral infarction. AJNR
Am J Neuroradiol 1992;13:145-54.

330. Alexander EL, Provost TT, Stevens MB, Alexan-
der GE. Neurologic complications of primary
Sjogren's syndrome. Medicine 1982; 61:247-57.

331. Calabrese LH, Mallek JA. Primary angiitis of
the central nervous system. Medicine 1987;67:
20-38.

332. Caselli RJ, Hunder GG, Whisnant JP. Neuro-
logic disease in biopsy-proven giant cell (tem-
poral) arteritis. Neurology 1988;38:352-9.

333. Moore PM. Diagnosis and management of iso-
lated angiitis of the central nervous system.
Neurology 1989;39:167-73.

334. Moore PM, Cupps TR. Neurological complica-
tions of vasculitis. Ann Neurol 1983;14:155-67.

335. Sigal LH. The neurologic persentation of vas-
culitis and rheumatologic syndromes. Medicine
1987;66:157-80.

336. Moore PM, Fauci AS. Neurologic manifesta-
tions of systemic vasculitis. A retrospective and
prospective study of the clinicopathologic fea-
tures and responses to therapy in 25 patients.
Am J Med 1981;7l:5l7-24.

337. Alexander EL, Malinow K, Lejewski JE, et al.
Primary Sjogren's syndrome with central ner-
vous system disease mimicking multiple scle-
rosis. Ann Intern Med 1986; 104:323-30.

338. Ferreiro JE, Robalino BD, Saldana MJ. Pri-
mary Sjogren's syndrome with diffuse cerebral
vasculitis and lymphocytic interstitial pneu-
monitis. Am J Med 1987;82:1227-32.

339. Manthorpe R, Manthorpe T, Sjoberg S. Mag-
netic resonance imaging of the brain in pa-

1967;36:205-22.



Noncompressive Myelopathies 313

tients with primary Sjogren's syndrome. Scand
J Rhematol 1992;21:148.

340. Moutsopoulos H, Sarmas J, Talal M. Is central
nervous system involvement a systemic mani-
festation of primary Sjogren's syndrome?
Rheum Dis Clin North Am 1993; 19:909.

341. Escudero D, Olive A, Latorre P, et al. Central
neurological manifestations of primary Sjo-
gren's syndrome. Br J Rheumatol 1992;31:787.

342. Hietaharju A, Yli-Kerttela U, Khakkinen V, et
al. Nervous system manifestations in Sjogren's
syndrome. Acta Neurol Scand 1990;81:144.

343. VBinder A, Snaith M, Isenberg D. Sjogren's
syndrome: a study of its neurological manifes-
tations. BrJ Rheumatol 1988;27:275.

344. Adonopoulos A, Lagos G, Drosos A, et al. The
spectrum of neurological involvement in Sjo-
gren's syndrome. BrJ Rheumatol 1990;29:21.

345. Konttinen YT, Kinnunen E, Bonsdorff MV, et
al. Acute transverse myelopathy successfully
treated with plasmapharesis and prednisone
in a patient with primary Sjogren's syndrome.
Arth Rheum 1987;30:339-44.

346. Rosenbaum R, Campbell S, Rosenbaum J.
Clinical Neurology of Rheumatic Diseases. Boston:
Butterworth-Heinemann; 1996.

347. Vrethem M, Ernerudh J, Linstrom F, et al. Im-
munoglobulins within the central nervous sys-
tem in primary Sjogren's syndrome. J Neurol
Sci 1990; 100:186.

348. Alexander EL, Beall SS, Gordon B, et al. Mag-
netic resonance imaging of cerebral lesions in
patients with the Sjogren syndrome. Ann In-
tern Med 1988; 108:815-23.

349. Rutan G, Martinez A, Fieshko J, et al. Primary
biliary cirrhosis, Sjogren's syndrome and trans-
verse myelitis. Gastroenterology 1986;90: 206.

350. Alexander E, Craft C, Dorsch C, et al. Necro-
tizing arteritis and spinal subarachnoid hem-
orrhage in Sjogren's syndrome. Ann Neurol
1982;11:632.

351. Lukes SA, Norman D. Computed tomography
in acute disseminated encephalomyelitis. Ann
Neurol 1983; 13:567-72.

352. Fulford KWM, Catterall RD, Delhanty JJ, et al. A
collagen disorder of the nervous system present-
ing as multiple sclerosis. Brain 1972;95:373-86.

353. Provenzale J, Bouldin T. Lupus-related
myelopathy: report of three cases and review
of the literature. J Neurol Neurosurg Psychiatry
1992;55:830.

354. Boumpas D, Patronas N, Dalakas M, et al.
Acute transverse myelitis in systemic lupus
erythematosus: magnetic resonance imaging
and literature review. J Rheumatol 1990; 17:89.

355. Propper D, Bucknell R. Acute transverse
myelopathy complicating systemic lupus ery-
thematosus. Ann Rheum Dis 1989;48:512.

356. Johnson RT, Richardson EP Jr. The neurologi-
cal manifestations of systemic lupus erythe-

matosus: a clincial-pathological study of 24
cases and review of the literature. Medicine
1968;47:337-69.

357. Adrianakos AA, Duffy J, Suzuki M, Sharp JT.
Transverse myelopathy in systemic lupus ery-
thematosus: report of 3 cases and review of the
literature. Ann Intern Med 1975;83:616-24.

358. Dell'Isola B, Vidailhet M, Gatfosse M, et al.
Recovery of anterior spinal artery syndrome
in a patient with systemic lupus erythematosus
and antiphospholipid antibodies. BrJ Rheuma-
tol 1991;30:314.

359. Lavalle C, Pizzaro S, Drinkard C, et al. Trans-
verse myelitis: a manifestation of systemic lu-
pus erythematosus strongly associated with
antiphospholipid antibodies. J Rheumatol
1990;17:34.

360. Andrews JM, Cancilla PA, Kimm J. Regressive
spinal cord signs in a patient with dissemi-
nated lupus erythematosus. Bull Los Angeles
Neurol Soc 1970;35:78-85.

361. Penn AS, Rowan AJ. Myelopathy in systemic
lupus erythematosus. Arch Neurol 1968;18:
337-49.

362. Shepherd El, Downie AW, Best PV. Systemic
lupus erythematosis and multiple sclerosis (ab-
stract). Arch Neurol 1974;30:423.

363. McLean B, Miller D, Thompson E. Oligo-
clonal banding of IgG in CSF, blood-brain bar-
rier function, and MRI findings in patients
with sarcoidosis, systemic lupus erythemato-
sus, and Behcet's disease involving the ner-
vous system. J Neurol Neurosurg Psychiatry
1995;58:548-54.

364. Winfield J, Shaw M, Silverman L, et al. In-
trathecal IgG synthesis and blood brain bar-
rier impairment in patients with systemic lu-
pus erythematosus and central nervous system
dysfunction. Am J Med 1983;74:837-44.

365. Barile L, Lavalle C. Transverse myelitis in sys-
temic lupus erythematosus—the effect of IV
pulse methylprednisolone and cyclophospha-
mide. J Rheumatol 1992; 19:370.

366. Berlanga B, Rubio F, Moga I, et al. Re-
sponse to intravenous cyclophosphamide
treatment in lupus myelopathy. J Rheumatol
1992; 19:829.

367. Norris FH. Remote effects of cancer on the
spinal cord. In Vinken PJ, Bruyn GW, editors.
Handbook of Clinical Neurology, Volume 38. Am-
sterdam: North-Holland; 1979; pp. 669-77.

368. Ojeda VJ. Necrotising myelopathy associated
with malignancy: a clinicopathological study of
two cases and literature review. Cancer 1984;
53:1115-23.

369. Henson RA, Urich H. Cancer and the Nervous
System. Oxford: Blackwell; 1982.

370. Matsuo H, Tsujihata M, Satoh A, et al.
Plasmapharesis in treatment of HTLV-1 asso-
ciated myelopathy. Lancet 1988;ii:1109-12.



Chapter 9
INFECTIOUS AND NONINFECTIOUS

INFLAMMATORY DISEASES
AFFECTING THE SPINE

INFECTIOUS DISEASES
Pyogenic Infections Causing Spinal Cord

Compression
Tuberculous Spondylitis
Tuberculosis Meningitis and Spinal Cord

Tuberculoma
Fungal Infections
Parasitic Disease
NONINFECTIOUS INFLAMMATORY

DISEASES
Sarcoidosis
Rheumatoid Arthritis
Spondyloarthropathies

Inflammatory diseases of the spine in-
clude both infectious and noninfectious
causes. In this chapter, we have chosen to
discuss infectious causes that generally
cause space-occupying lesions, such as
epidural and intramedullary abscesses, tu-
berculosis, and fungal disease. In addi-
tion, we discuss noninfectious inflamma-
tory diseases of the vertebral column, such
as ankylosing spondylitis and rheumatoid
arthritis. Noninfectious inflammatory dis-
eases of the spinal cord, such as demyelin-
ating disease, and viral infections are re-
viewed in Chapter 8.

INFECTIOUS DISEASES

Pyogenic Infections Causing
Spinal Cord Compression

Bacterial infections of the spinal cord and
its coverings (meningitis excluded) may be
classified according to location. An abscess
may occur in the epidural space or may be
subdural or intramedullary.1,2 Epidural ab-
scesses are responsible for approximately
two thirds of surgically significant infec-
tions of the spine.1 Spinal subdural ab-
scesses are rare and often are clinically in-
distinguishable from epidural abscesses.3

Pachymeningitis may also occur in the set-
ting of epidural and subdural abscess.1,4

Rarely, hypertrophic spinal pachymeningi-
tis may occur and cause spinal cord and
nerve root compression.5-7

The symptoms of spinal cord compres-
sion from spinal abscesses are nonspecific,
making diagnosis difficult.8 As discussed
below, in some cases of acute epidural ab-
scess, systemic symptoms and signs domi-
nate the clinical picture. Alternatively, in
chronic cases, there may be few if any
signs of infection, and a neoplasm may be
considered when neurological signs ap-
pear. Thus, in order to make the diagnosis
in the early and most treatable stages, a
high index of suspicion must be main-
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tained. Epidural and intramedullary spinal
abscesses are discussed separately.

EPIDURAL ABSCESS

Early diagnosis and treatment of spinal
epidural abscess is imperative for a suc-
cessful outcome.9-12 The diagnostic chal-
lenge can be daunting, because this is
a rare disorder that may mimic other
more commonly encountered diseases
(Fig. 9-1).13

Spinal epidural abscess is infrequently
encountered in both community and re-
ferral hospitals, although prevalence ap-
pears to be increasing.11,14 In a series of
nontuberculous bacterial infections of the
spinal epidural space reported from the
New York Hospital, the overall incidence
was one case per 12,720 admissions.15 The
disease affects both sexes, and any age
may be affected. In the New York Hospital
series, the average age was 58 years, with a
range of 8 to 81.15

Pathogenesis and Pathology

Infection spreads to the epidural space
through hematogenous dissemination from
an infected remote site or by direct exten-
sion from a primary infection in the region
of the spine. 15-19 The primary infection
may be primary vertebral osteomyelitis20-22

or may extend from perinephric, retropha-
ryngeal, or other paraspinal locations. Di-
rect extension to the epidural space may
also occur due to an infected spinal surgical
wound, lumbar puncture, or epidural cath-
eter placement for anesthesia.15,23-25 Intra-
venous drug abuse is also a major risk fac-
tor for spinal epidural abscess (Fig. 9-1).10

Rarely, an abscess may form from extension
of an infected dermal sinus.

Hematogenous dissemination to the
epidural space from an identified distant
site occurs in 25% to 50% of cases (Table
9-1). Skin and soft tissue infections are the
most common sites of remote primary in-
fection; other primary sources reported
include urinary tract infection, upper res-
piratory infection, periodontal abscess, in-
fected intravenous lines, or intravenous
drug abuse.2,15 No identifiable source is

found in approximately 20%-40% of pa-
tients.15 The route of hematogenous
spread to the epidural space and vertebral
column is probably via the arterial sup-
ply26 and Batson's plexus.27,28

Anatomically, the epidural abscess re-
sides in the dorsal epidural space in
approximately 70% of cases, perhaps be-
cause it is larger than the ventral epidural
space. The lower thoracic and lumbar re-
gions are most frequently involved.14

Among several series shown in Table 9-2,
the thoracic spine was the most common
level of involvement, followed by the lum-
bar and cervical levels, possibly due to the
larger epidural space in the caudal half of
the spine. In a series from the Massachu-
setts General Hospital, the average rostro-
caudal extent of the abscess was four to
five vertebral segments; in three patients,
it extended from 11 to 26 vertebrae.16 In
the transverse plane, the majority of ab-
scesses in several series were located dor-
sally (Table 9-2). Osteomyelitis occurred
more frequently in conjunction with ven-
tral abscesses.15

Pathological findings of epidural abscess
vary widely and include acute purulent
material in some patients and chronic
granulomatous findings in others. Verte-
bral osteomyelitis is much more common
among patients with chronic epidural ab-
scess than in those with an acute condi-
tion.5,16

The pathogenesis of neurologic dys-
function involves both neural compression
and disturbances of spinal cord circulation
without direct neural compression. The
latter may be secondary to arterial com-
pression and/or venous thrombosis and
thrombophlebitis.29,30 Direct extension of
inflammatory cells into the spinal cord is
unusual; the dura mater typically provides
an effective barrier to prevent the exten-
sion of infection into the central nervous
system.4

Clinical Features

Spinal epidural abscesses may be classified
as either acute or chronic on the basis of
the duration of symptoms. Such a distinc-
tion is important, because patients with a
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Figure 9-1. AT1 sagittal MRI of a 47-year-old male intravenous drug abuser with a rapidly progressive quadri-
paresis. He was initially thought to have Guillain-Barre syndrome. The diagnosis of spinal epidural abscess,
however, was made by MRI (arrows). A staphylococcus abscess was drained and treated with antibiotics. Of note
is the significant prevertebral soft tissue involvement.

chronic abscess generally present less dra-
matically. Danner and Hartman15 identi-
fied acute abscesses as those in which
symptoms were present for less than 16
days. Using such a distinction, those with

chronic abscesses were less likely to be
febrile (average temperature 37.4° ± 0.5°
C in chronic cases, compared with 38.4° ±
1.0° C in patients with acute abscesses).
Moreover, the mean WBC count was 7.1 ±
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Table 9-1. Primary Sources of Infection in Patients With Epidural Abscess*

No. of Patients (%) at Indicated Facility During Indicated Period

Source of
Infection

Skin and soft
tissue

Bone or joint +
Spinal surgery or

procedures
Abdomen
Upper respiratory

tract
Urinary tract
IV Drug abuse
Specific source not

identifiable*
No source

identified
Total

Stoke
Boston City Mandeville

Hospital Hospital
1930-1948 1945-1968

9

4

0
1

0
1
0

5
20

(45)

(20)

(5)

(5)

26 (53)

(25) 23 (47)
(100) 49 (100)

Massachusetts
General
Hospital

1947-1974

7

11

9
1

4
0
0

7
39

(18)

(28)

(23)
(3)

(10)

(18)
(100)

Montefiore New York
Hospital Hospital

1968-1978 1971-1982

4 (21) 8

3

5
2 (11) 1

4
2

4 (21) 2

9 (47) 10
19 (100) 35

(23)

(9)

(14)
(3)

(11)
(6)
(6)

(29)
(100)

Total No.
of patients

(%)

28

18

14
5

8
3
6

54
136

(21)

(13)

(10)
(4)

(6)
(2)
(4)

(40)
(100)

*From Danner, RL and Hartman, BJ,15 p. 266, with permission.
+Vertebral osteomyelitis was considered as a primary source by most authors when it was present without any other

identifiable focus of infection. In The New York Hospital series, patients with vertebral osteomyelitis without a known
antecedent infection were classified as no source identified. The three New York Hospital patients with a bone or joint
source had a distant osteomyelitis, a hip infection, and an infection of the olecranon bursa, respectively.

+These patients had an identifiable source that was not specified by the authors. These patients are not included in
the calculations for the totals of all the series.

Two patients were reported to be IV drug abusers.

1.9 X 103 in chronic cases, compared with
an average of 12.3 ±3.8 X 103 per cubic
millimeter in acute abscesses.

In patients with both chronic and acute
spinal epidural abscesses, the most charac-
teristic clinical course progresses through
four stages: (1) local pain, (2) radicular
pain, (3} motor weakness and sphincter
disturbance, and (4) paralysis.31 A sensory
level may also be observed as transverse
myelopathy develops. The tempo of pro-
gression of these symptoms and signs is
quite variable, ranging from hours to sev-
eral weeks.15 Cases that commence as ver-
tebral osteomyelitis may evolve slowly in
the first two phases, and thus be classified
as chronic, only to accelerate rapidly into
the final phases.5 In cases of rapid neuro-
logic deterioration, an erroneous diagno-
sis of acute transverse myelitis may be con-
sidered.13

Typically, patients with acute epidural
abscess are acutely ill, with signs of toxic-
ity, systemic infection, and fever. The early
course is characterized by fever and back
pain, often followed by radicular pain.
Spasm of paraspinal muscles may occur.
Headache is often present, and neck stiff-
ness may be marked. Percussion tender-
ness over the spine may be pronounced.
There may be a history of a recent or re-
mote infection elsewhere.

Despite this characteristic course, the
clinical presentation of acute spinal
epidural abscess is highly variable, result-
ing in a delayed diagnosis in many cases.
In one series, the diagnosis of spinal
epidural abscess was considered initially in
only one-fourth of patients.16 When the
abscess arises from a distant focus of in-
fection that disseminates to the spine
hematogenously, the clinical presentation



Table 9-2. Location of Abscess in Patients With Spinal Epidural Abscess*

No. of Patients at Indicated Facility During Indicated Period

Location
of

Abscess

Anterior
Posterior
Cervical
Thoracic

Lumbar
Total

Boston City
Hospital

1930-1948

1
19
3

13

4
20

3.6(1-7)

Stoke
Mandeville

Hospital
1945-1968

13
36
—

most common
site

—
49

—

Massachusetts
General
Hospital

1947-1974

7
32

7
20

12
39

Mean No

4.5 (1-26)

The Royal
Infirmary

1957-1973

—
—
0
6

8
14

Pinderfields
General
Hospital

1958-1978

—
—

1
10

1
12

Montefiore
Hospital

1968-1978

—
—

3
12

4
19

New York
Hospital

1971-1982

17
18
6

10

19
35

Total
No. of

Patients

28
105
20
71

48
188

. of Vertebrae Involved (Range)

4.4(1-15) — 1.8(1-5) 3.8 (2-10) 3.8 (1-26)

*From Danner, RL and Hartman, BJ,15 p. 269, with permission.



Infectious and Noninfectious Inflammatory Diseases Affecting the Spine 319

may be dominated by the systemic illness.
The patient may not complain of pain,
and if lethargic or confused, he or she may
fail to complain of weakness. However,
once infection of the epidural space oc-
curs, symptoms of local and radicular pain
usually ensue rapidly.2 At that time, the
clinical presentation may mimic spinal tu-
mor or disc disease.

In chronic cases (defined as symptoms
present for longer than 16 days), the
epidural abscess often arises from an ad-
jacent vertebral osteomyelitis.2 (Spinal
epidural abscess is reported to develop in
up to 20% of cases of vertebral os-
teomyelitis.32) The progression of symp-
toms and signs beyond pain, fever, and
weakness may evolve over weeks or even
months before signs of neural dysfunction
occur. Alternatively, the clinical evolution
of an indolent chronic abscess may sud-
denly and unpredictably change, with
rapid development of paraplegia. In most
(but not all) cases of both chronic and
acute epidural abscess, symptoms and
signs of spinal cord/cauda equina dysfunc-
tion develop following the onset of local
and radicular pain.31

The clinical setting often provides help-
ful clues in diagnosis. In addition to re-
mote and local infection, several other
factors may be associated with spinal
epidural abscess, including diabetes melli-
tus, nonpenetrating or penetrating back
trauma, pregnancy, cancer or spinal tu-
mor, intravenous drug abuse, alcoholism,
or degenerative joint disease of the
spine.15,16 A possible association with can-
cer is especially important to recognize,
because the symptoms and signs of
epidural abscess may be difficult to dis-
tinguish clinically from epidural spinal
metastasis. As discussed below, even ra-
diographic studies may not definitively es-
tablish a diagnosis of spinal epidural ab-
scess or differentiate it from metastatic
cancer.

In summary, although the constellation
of fever, back and radicular pain, and
percussion tenderness over the spine is
characteristic of both chronic and acute
epidural abscess, fever and other constitu-
tional symptoms may be entirely absent,
particularly in chronic cases.15,33 Further-

more, although local and radicular pain
and spinal tenderness occur in over 90%
of cases,2 in occasional patients these find-
ings have been absent.34,35 Thus, when-
ever paraparesis develops without a well-
defined cause, the clinician must think of
epidural abscess. Even prior to the devel-
opment of weakness, the development of
back and/or radicular pain, or spinal ten-
derness, in the setting of systemic illness
should alert the clinician to this possibility.
The difficulty encountered in arriving at a
correct diagnosis is demonstrated by the
reported series of epidural abscess in
Table 9-3. In the New York Hospital se-
ries, 43% of patients had an initial diagno-
sis unrelated to the spine (Fig. 9-1); in
many instances, patients were incoherent
and therefore could not offer an accurate
history.

Spinal subdural empyema is a rare
cause of spinal cord compression. It is dif-
ficult on clinical grounds to differentiate it
from spinal epidural abscess; however,
vertebral tenderness is usually lacking in
patients with subdural empyema.36,37 An
MRI or myelography may distinguish be-
tween subdural and epidural collections of
pus. Surgical intervention will differenti-
ate between them.

Laboratory Studies

Staphylococcus aureus is the most common
bacterium isolated in cases of spinal
epidural abscess, although there is an in-
creasing incidence of gram-negative aero-
bic bacilli, especially E. coli and Pseudomo-
nas.38 Although Mycobacterium tuberculosis
has been excluded from many series, it
has been responsible for as many as one-
fourth of the cases in some reports.39 In
addition, fungal infections (e.g., Cryptcoc-
cus neoformans and Coccidioides immitis) and
several other organisms have been re-
ported.2,40-42 In cases of tuberculosis and
fungal infections, there may be a granulo-
matous mass or abscess.43 Infrequently,
multiple organisms are found.5 The mi-
crobiology of spinal epidural abscess has
been recently reviewed.14

Blood cultures are often positive; among
those patients with Staphylococcus aureus,
results were positive in 18 (95%) of 19 pa-
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Table 9-3. Initial Diagnosis for Patients With Spinal Epidural Abscess*

No. of Patients at Indicated Facility

Boston City
Initial Diagnosis Hospital

Spinal epidural abscess
Vertebral osteomyelitis or

infected disk
Spinal tuberculosis
Cholecystitis, pyelonephritis,

intraabdominal abscess
Meningitis
Dental infection
Bacterial infection, other sites
Herpes zoster
Viral syndrome
Infectious polyneuritis or

transverse myelitis
Spinal tumor or metastatic

cancer
Spinal hematoma
Extruded disk
Musculoskeletal pain,

arthritis, neuritis
Fibrositis
Myocardial infarction
Cerebrovascular accident or

subdural hematoma
Hysteria
Anemia
Benign prostatic hypertrophy
Drug fever
None
Total

1
4

0
0

3
0
0
0
0
1

4

0
0
3

0
0
0

2
0
0
0
2

20

Massachusetts
General
Hospital

10
1

0
4

1
1
0
1
1
1

1

0
5
6

0
1
2

2
1
0
0
1

39

Pinderfields
General
Hospital

1
0

0
0

0
0
1
0
0
1

0

0
3
5

1
0
0

0
0
0
0
0

12

New
York

Hospital

7
1

1
2

0
0
6
1
1
1

6

1
3
2

0
0
1

0
0
1
1
0

35

Total
No. of

Patients

19
6

1
6

4
1
7
2
2
4

11

1
11
16

1
1
3

4
1
1
1
3

106

*From Danner, RL and Hartman, BJ,15 p. 272, with permission.

tients reported from the New York Hospi-
tal series.15 Cerebrospinal fluid cultures
appear to yield positive results in far fewer
cases; only two were positive out of 31
cases in which the procedure was per-
formed. In the same series, cultures of the
abscess were positive in 84% of cases; pa-
tients who had been on antibiotics for
longer than one week were unlikely to
have positive cultures of the abscess.

In routine and CSF studies, the periph-
eral white blood cell count is usually ele-
vated. Although the erythrocyte sedimen-

tation rate (ESR) is usually high, four pa-
tients in the series from the New York
Hospital had a normal ESR.15

Blood glucose levels may reveal dia-
betes, and blood chemistries should be
scrutinized for signs of renal disease. The
cerebrospinal fluid typically shows evi-
dence of a parameningeal infection, with
elevated protein, moderate pleocytosis
(usually lower than 150 white cells per cu-
bic millimeter) and normal sugar.2,5 It can
be xanthochromic, especially in cases of a
subarachnoid block.
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If there is suspicion of an epidural ab-
scess, lumbar puncture should be done
cautiously to avoid entering the abscess
and contaminating the CSF. Lumbar
puncture should not be performed at the
site of a suspected abscess; if epidural ab-
scess is suspected over the lumbar region,
a cisternal tap may be performed. If lum-
bar puncture is performed in a patient
with a possible abscess, gentle suction
should be applied to the needle because
the abscess may have extended to lumbar
areas; aspiration of pus is diagnostic of
epidural abscess. It is essential in such
cases that the arachnoid not be penetrated
by the needle. Furthermore, in the case of
spinal block, myelopathy may worsen fol-
lowing lumbar puncture; therefore, rou-
tine lumbar puncture should not be per-
formed if epidural abscess is suspected.5,44

Plain spinal radiographs may show evi-
dence of osteomyelitis, discitis, compression
fracture, or paravertebral mass, but it is
common to find no specific abnormalities.
Routine radiographs demonstrated os-
teomyelitis in 37% of patients in the New
York Hospital series described above.15 Ra-
dionuclide bone scanning often shows evi-
dence of abnormality, but a substantial num-
ber of patients also have normal bone scans.

Until the advent of MRI, myelography
was considered the most sensitive tech-
nique for identifying epidural abscess.2,45,46

The myelogram is nearly always abnor-
mal, demonstrating an epidural mass.2 It
may show the longitudinal extent of the
abscess and its anteroposterior relation-
ship to the spinal cord.

Although CT has been shown to be
sensitive in identifying osteomyelitis, par-
avertebral infections, and epidural ab-
scesses,47-49 some authors have found it
less accurate than myelography.15 A CT
may be able to detect involvement of the
spongy vertebral bone and intervertebral
disc before changes are seen on plain radi-
ographs. When combined with myelogra-
phy, CT may be very sensitive for eval-
uating bony and epidural tissues.48,50,51

Paravertebral structures are also seen
more readily on CT than with plain films
or myelography.

An MRI has been shown to be superior
to CT and myelography in evaluating pa-

tients with epidural abscess and vertebral
osteomyelitis.21,52,53 Paramagnetic contrast
materials may differentiate active inflam-
mation from chronic granulation tis-
sue.54-57 Paraspinal abscesses, as well as
diskitis, can be visualized.45 In patients
with osteomyelitis, hypointense signal in-
tensity in the vertebral body on T1-
weighted images, abnormal disk signal on
both T1- and T2-weighted images, and ab-
normal contrast enhancement were found
most commonly (Fig. 9-1 ).21

Therapy

The treatment of spinal epidural abscess
includes administration of intravenous an-
tibiotics and urgent surgical drainage of
the mass.2,5,15,58 Some authors5 recom-
mend initiating antibiotic therapy before
surgery, when a presumptive diagnosis
can be made. Since Staphylococcus aureus is
the most common offending organism,
initial treatment includes a first-line anti-
staphylococcal agent.15 When there are
known sources of infection, antibiotic
therapy should include coverage for these.
For example, epidural abscesses due to
gram-negative organisms are more com-
mon in the setting of intravenous drug
abuse or following spinal operation.
Staphylococcus epidermidis infection is also
more frequent following spinal proce-
dures. Antibiotic therapy can be modified
based on the results of Gram and other
special stains, and laboratory culture re-
sults of operative specimens. The duration
of antibiotic therapy is determined in part
by the presence or absence of associated
osteomyelitis. Recent reviews2,38,58 suggest
six to eight weeks of parenteral antibiotic
therapy if osteomyelitis is present. Some
suggest subsequent oral antibiotics in se-
lected cases.15 The prognosis for neuro-
logic recovery is good if treatment is
begun before symptoms and signs of
myelopathy occur; although patients with
paraparesis may be restored to normal
neurologic function, the presence of para-
plegia for longer than 48 hours carries a
poor prognosis for recovery.2

As mentioned above, MRI is exception-
ally sensitive in detecting small epidural
inflammatory lesions or areas (for exam-
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ple, secondary to adjacent infections) that
are not true abscesses. These infections
may be successfully managed with antibi-
otics alone, without surgical drainage. In
cases in which MRI identifies a small non-
compressive inflammatory lesion that is
not considered to be a true abscess, some
surgeons have been reluctant to attempt
urgent open surgical drainage in neuro-
logically intact patients who can be fol-
lowed with repeated clinical and labora-
tory examinations and MRI scanning. In
some of these patients, treatment with
antibiotics alone has been successful,59

whereas in others, surgical drainage has
been required after an unsuccessful trial
of antibiotics.2,15 Because of the risk of
rapid neurologic deterioration, it has been
suggested that even in neurologically in-
tact patients with cervical or thoracic
epidural abscess causing cord compres-
sion surgery may benefit those with symp-

toms less than two weeks in duration.59

With more experience using MRI and
carefully performed clinical studies, crite-
ria may be established to identify those
patients not requiring urgent surgical
drainage. Standard infectious disease ref-
erences recommend that nonsurgical ther-
apy alone for spinal epidural abscesses be
reserved only for patients without neuro-
logic dysfunction.14,15,58

Surgery is directed at the site of sympto-
matic (or potentially symptomatic) com-
pression. In many cases, complete surgical
evacuation is not possible. Drainage, de-
compression, and antibiotic therapy, how-
ever, are usually successful in combi-
nation. Occasionally, osteomyelitis and/
or disc interspace infection accompanies
epidural abscess. Spinal stability may,
therefore, be compromised, necessitat-
ing a spinal stabilization procedure (Fig.
9-2).

Figure 9-2. The patient whose preoperative images are depicted in Figure 9-1 underwent a C6 and C7
laminectomy and a dorsal stabilization procedure (lateral mass plates from C6-T1) as depicted by an AP (A) and
lateral (B) radiograph.

A B
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CASE ILLUSTRATION

A 61-year-old former housepainter with a his-
tory of alcoholism was admitted to the medical
service after being found in his hotel room. He
was in a confused state attributed to a with-
drawal syndrome. The patient had a fever of
38° to 38.5°C. No focal neurologic signs were
noted. The patient exhibited witzelsucht and
did not complain of back pain, but said he was
weak and could not get out of bed. A lumbar
puncture yielded CSF showing mild xan-
thochromia, a moderate pleocytosis, protein of
about 110 mg per dl, and normal glucose. The
patient was treated with antibiotics but, be-
cause he remained confined to bed, neurologic
consultation was obtained.

The consultant found the patient confused
and uncooperative. He denied having any
pain. He stated that he was weak and could not
walk, but would not attempt to ambulate. The
neck was supple and there was no paraverte-
bral spasm, but percussion tenderness was
present over the spine at T9-10. Motor exami-
nation revealed flaccid paraparesis. Patellar
and ankle jerks could not be obtained, but the
plantar responses were extensor. The patient
was not cooperative for testing of vibratory or
position sensation. Although he denied feeling
a pin as painful over any part of his body, when
the examiner watched for a facial wince on pin-
prick, a sensory level at the T5-6 level could be
appreciated.

Myelography revealed epidural abscess, and
the patient was taken to surgery. The abscess
was found to extend over five vertebral seg-
ments. The confusional state resolved postop-
eratively, but the patient remained paraparetic.

Comment. This case illustrates some of the
difficulties that can be encountered in the diag-
nosis of epidural abscess. While back pain and
neck stiffness are usually encountered, they
did not appear to be present in this patient,
possibly because they were masked by his con-
fusional state. While this patient complained of
weakness, a careful neurologic examination
was not carried out initially, and the parapare-
sis was not appreciated. The initial workup did
not include percussion of the vertebral column
to determine whether tenderness was present.
It is essential for the spinal column to be exam-
ined carefully in any patient with back pain,

radicular signs or symptoms, or weakness that
includes the legs. In retrospect, the patient's
confusional state may have been partially
due to the meningitis that accompanied his
epidural abscess. This case illustrates that an
associated confusional state may make diagno-
sis difficult.

INTRAMEDULLARY SPINAL
CORD ABSCESS

Intramedullary spinal cord abscess is a
rare but devastating infection. It usually
occurs in the setting of systemic infection
with multiple septic foci elsewhere,4 but
occasionally there is no history of prior in-
fection.60 Chiari's61 well-studied case of a
patient with metastatic spinal cord abscess
associated with meningitis and cerebellar
abscess secondary to bronchiectasis in-
creased awareness of this clinical syn-
drome and described its clinical constella-
tion. A further report62 of a child who
recovered following surgical drainage of a
staphylococcal abscess of the thoracic
spinal cord demonstrates the value of
early recognition.

Intramedullary spinal cord abscess is
rare. Between Hart's original description
in 183060 and 1977, only 54 cases had
been reported.63,64 Both DiTullio63 and
Menezes64 independently reviewed this
literature. In 1994, Byrne et al.65 and in
1995 Bartels et al.,66/67 reported cases and
reviewed the literature. Between 1977 and
1995, Bartels et al. identified an additional
41 cases. Courville68 found only one case
among 40,000 postmortem examinations.

Intramedullary abscess may occur at
any age; but there may be a bimodal age
distribution with a predominance in pa-
tients under 25 and over age 50. In pedi-
atric patients, a dermal sinus tract can be
the etiology.65 The male-female ratio has
been reported to be 5:2.65

Among other routes, abscess may arise
from a remote site by hematogenous
spread, an infected dermal sinus, or
trauma. In most cases, intramedullary
spinal cord abscesses have been metastatic
from a pyogenic infection elsewhere.
Bronchiectasis and endocarditis are com-
mon sources. Less commonly, intramedul-
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lary abscesses arise from an adjacent infec-
tion;4,44 for example, they have been re-
ported to follow a stab wound69 and high
lumbar puncture.70 In those cases in
which no source can be identified, the ab-
scesses are called primary. One review 64

found 20% of cases to be primary, with the
remainder secondary to known infection.

Abscesses may be classified as single or
multiple. Among 55 reported cases,64 42
were single and 13 were multiple. The
thoracic region was the most common lo-
cation; 80% were located in this area. Most
extend over several segments in the ros-
trocaudal axis. The entire spinal cord oc-
casionally may be involved.64

On pathological examination, intra-
medullary abscesses may be centrally lo-
cated, but often the dorsal spinal cord is
more involved than the ventral region.44

The spinal cord is usually swollen, and this
may be visualized on radiological studies.
The margins of the abscess may be poorly
defined, and there may be little glial reac-
tion.71

In most cases, the time between onset of
symptoms and diagnosis ranges from days
to months. One report72 found the inter-
val between onset and diagnosis to be less
than 2 weeks in 43%, 1 to 3 months in
33%, and 4 months to 3 years in 24%.
When myelopathy develops over a few
days and radiological studies are nondiag-
nostic, an erroneous diagnosis of acute
transverse myelopathy or multiple sclero-
sis may be made. Subacute and chronic
presentations, with radiological studies
that usually are nondiagnostic or show en-
larged spinal cords, may mimic intramed-
ullary tumors.

The clinical presentation of intramedul-
lary spinal cord abscess varies according to
the location of involvement and the
chronicity of infection. Fever and signs of
infection are usually present in acute
cases. Alternatively, in chronic cases clini-
cal evidence of infection is often not as ap-
parent. For example, in the review65 of
cases reported between 1978 and 1994,
Byrne et al. found 6 acute cases (symp-
toms less than 1 week), 4 subacute (symp-
toms lasting 1 to 6 weeks), and 4 chronic
cases. These authors emphasized that pa-

tients with chronic abscesses were typically
afebrile. Such patients typically had radic-
ular pain, with radiological studies show-
ing only a widened cord. The only consis-
tent finding in their review of recent cases
was that in cases where the CSF was ana-
lyzed, there was pleocytosis, protein was
elevated, and cultures were negative.

Pain is a common presenting complaint
regardless of the site and chronicity.64 In
one review,72 incontinence was present in
88% of cases, paraplegia in 72%, and anes-
thetic sensory loss in 61% at the time of di-
agnosis. In chronic cases, progression of
symptoms may be slow and, at times, stut-
tering in nature.64

Laboratory studies are often nondiag-
nostic. There is usually leukocytosis on the
complete blood count and other signs of
infection, but in cases of chronic abscess
there may be no fever, as noted above.
Cerebrospinal fluid may be nonspecifically
abnormal or may suggest meningitis.4,44

In the review by Byrne et al.65 cited above,
the following results of the abscess culture
were found: sterile (7); staphylococci (4),
Gram negative (6), streptococci (3), and Lis-
teria (1).

Myelography may demonstrate an in-
tramedullary expansion of the spinal cord
consistent with an intraspinal mass.49 A
CT following intrathecal injection of con-
trast material and MRI may be helpful in
demonstrating intramedullary expansion
of the spinal cord. Experience using MRI
for the diagnosis of intramedullary abscess
is limited. In the five cases that were re-
viewed by Byrne et al.,65 decreased signal
intensity was seen on T-1 weighted images,
and gadolinium enhancement was seen in
the three cases in which it was adminis-
tered. The MRI pattern was thought to be
similar to that seen in cerebral abscesses.
Bartels et al.66/67 observed cases in which
enhancement did not occur and con-
cluded that the MRI features were not
pathognomonic for intramedullary ab-
scess. The differential diagnosis included
neoplasm, granulomatous disease, and
demyelinating disease. These authors
concluded that surgery was the only way
to establish a definitive diagnosis pre-
mortem.
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Treatment of intramedullary spinal
cord abscess includes prompt surgical
drainage and appropriate parenteral an-
tibiotic therapy.60,64-66,67 Among the 20 re-
cent cases reviewed,65 four patients had a
complete recovery, nine had a good recov-
ery, and seven had a poor outcome. Prog-
nostic features that correlated with good
outcome were an age less than 25 years
and duration of severe motor loss less than
three days.

Tuberculous Spondylitis

Mycobacterium tuberculosis may injure the
spinal cord and cauda equina through in-
volvement of the epidural and intradural
locations.73-76 In the epidural location, in-
volvement of the vertebral body may lead
to destruction of the vertebra, epidural ab-
scess, and neural compression (Pott's dis-
ease). In the intradural location, tubercu-
lous meningitis and/or space-occupying
lesions (tuberculomas) may cause neuro-
logic injury.

Tuberculous spondylitis is the most
common condition affecting the spine.
Mycobacteria classically destroy the verte-
bral bodies and intervening disc space and
cause a paravertebral abscess, combining
to cause spinal cord or cauda equina com-
pression from the abscess's ventral as-
pect.4,77,78 Percival Pott79 called attention
to the curvature of the spine and resulting
paraplegia that are due to tuberculous in-
volvement. Pott's disease now bears his
name. Less commonly, compression may
occur secondary to neural arch involve-
ment or extension into the epidural space
without radiographic changes of the verte-
bral bodies and intervening disc space.
The frequency of tuberculous epidural ab-
scess was reported to be up to 25% of
epidural abscesses during 1968-1978.80

Permanent kyphosis may result from tu-
berculous spondylitis after the infection
has been cured (Fig. 9-3).

The pathological anatomy and clinical
features of tuberculosis involving the ner-
vous system have been reviewed.74,79 The
spine is the most common site of extrapul-
monary tuberculous bone involvement.74,81

Figure 9-3. An MRI of the thoracolumbar spine
showing fused vertebral bodies and gibbus deform-
ity in a 78-year-old woman who had tuberculous
spondylitis at age seven. The patient had back pain
but no clinical signs of myelopathy.

Most commonly, spinal involvement fol-
lows a primary tuberculous infection else-
where, with either a short or long latency
period. The vertebral column usually is
seeded hematogenously, immediately from
the primary infection, or later from that
site or from another extraosseus secondary
site.73 Epidural compression of the spinal
cord and nerve root(s) may be due to gran-
uloma formation, abscess, pathological
subluxation, or collapse of a vertebral
body.74 Thrombosis of spinal blood vessels
may also occur.74

Although in developing countries
younger patients appear to be at greater
risk for spinal involvement than older in-
dividuals, in industrialized nations, the
age of presentation is usually in the fifth
and sixth decade.73,74,82 Although tubercu-
lous involvement of the spine has not been
observed commonly in developed coun-
tries, the use of immunosuppressive ther-
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apy and the AIDS epidemic may increase
the frequency of this disease.83,84

CLINICAL FEATURES

The clinical presentation of tuberculous
spondylitis may be very similar to that of
other infectious or neoplastic processes in
the same location.4,77,85,86 Patients typically
complain of pain and tenderness in the re-
gion of the infected vertebrae. They often
have a low-grade fever, chills, weight loss,
and other constitutional symptoms.74 The
average duration of symptoms prior to di-
agnosis is one year, but it may range from
weeks to years.74,87 Local pain and radicu-
lar pain as well as motor, sensory, and
sphincter disturbances caudal to the lesion
progress if the disease is not recognized
and treated.87,88 According to one review
of tuberculous spondylitis, paraplegia oc-
curred with a frequency ranging from 4%
to 38%.74

Skin testing for tuberculosis has been
reported to be negative in up to 20% of
patients in some series.74,87 Furthermore,
the chest radiograph has been negative for
active or inactive pulmonary tuberculosis
in one half of patients with osteoarticular
tuberculosis.74,80 Thus, some patients may
not have evidence of tuberculosis else-
where when they present with tuberculous
spondylitis.

The thoracic spine and thoracolumbar
region are favored levels for involvement.
The cervical spine is much less frequently
represented.17,73,87 Plain radiographs of-
ten demonstrate features that resemble
pyogenic infections and abscess forma-
tion,18,82,89 or metastatic cancer.78 The
kyphosis that develops from vertebral
body and disc involvement may approach
90°. The radionuclide bone scan has been
reported negative in 35% of cases, and the
gallium scan negative in 70%.87 When
epidural neural compression occurs sec-
ondary to extension of a paravertebral
mass, the bone scan may be negative. Both
CT and MRI may be helpful in demon-
strating the vertebral destruction and par-
avertebral mass associated with tubercu-
lous spondylitis.90 Lindahl and colleagues91

described the imaging characteristics of
spinal tuberculosis in detail. Of 503 pa-

tients with tuberculosis, 63 (13%) had
spinal involvement. Among these 63 pa-
tients, the spine was the sole location of in-
volvement in 40. The most common MRI
findings were destroyed vertebrae with as-
sociated paraspinal soft-tissue mass with
or without abscess formation, and some-
times epidural extension and gibbus de-
formity. Single-vertebral-level disease was
common, and the imaging characteristics
were sometimes indistinguishable from
neoplastic disease.

Biopsy of bone, often performed as nee-
dle biopsy under fluoroscopy or CT, is im-
portant in the confirmation of a diagnosis.
Specimens should be sent to test for acid-
fast bacilli, fungi, bacteria, and neoplastic
disease. Culture of the bone has been re-
ported to yield acid-fast bacilli in only 60%
to 80% of cases.74,80 When cultures are
negative, histological studies of the in-
volved bone or other involved tissue may
confirm a diagnosis or establish an alter-
native diagnosis.75 Superinfection of tu-
berculous osteomyelitis with pyogenic
organisms has been reported.75 If a diag-
nosis is not established by needle biopsy
or aspirate, extraspinal disease should be
sought and, if necessary, an open biopsy
and culture should be obtained.

THERAPY

Because the benchmark of microbiologic
diagnosis of infection with M. tuberculosis
is culture of the organism from biopsy
or tissue fluids, therapy of tuberculous
spondylitis usually must be initiated be-
fore culture results are available. Thus,
therapy usually is begun on clinical and
radiological grounds that are supported
by laboratory studies, such as histologic
evidence of granulomatous inflammation
and lymphocytic reaction, when available.
Recently, new techniques, such as sero-
logic tests for M. tuberculosis-specific anti-
gens92,93 and probes to identify M. tubercu-
losis DNA94 have been developed for
diagnosis.77

With the advent of effective antituber-
culous chemotherapy, the need for surgi-
cal intervention has become controversial
and surgery is less common. One recent
review recommends an antituberculous



Infectious and Noninfectious Inflammatory Diseases Affecting the Spine 327

regimen beginning with four drugs.14 De-
compression and spinal fusion are re-
served for those with (7) severe loss
of neurologic function when first seen,
(2) progressive loss of neurologic func-
tion while on adequate antituberculous
chemotherapy, (3) no improvement of
neurologic function after four to six weeks
of adequate antituberculous chemother-
apy, and (4} an unstable spine.2,14,81,95,96 Al-
ternatively, despite the apparent success of
nonsurgical management, another review2

generally recommends surgery for all
cases of suspected tuberculous epidural
abscess with neurologic abnormalities, for
both diagnostic and therapeutic reasons.
In a recent report by Rezai and col-
leagues,97 operative intervention was un-
dertaken in 11 of 20 patients with Pott's
disease. Indications for surgery included
motor deficits, spinal deformity, nondiag-
nostic CT-guided needle biopsy, and lack
of response to medical therapy. At one-
year follow-up, of the nine surviving op-
erated patients, all were neurologically
improved or normal without residual in-
fection. The average angulation of the
spine was reduced from 31° to 24°.

A short course of corticosteroids may be
helpful in cases of progressing myelopathy
with concurrent administration of antitu-
berculous chemotherapy. Prolonged anti-
tuberculous chemotherapy is required
when spondylitis is present. The prognosis
for neurologic recovery is good for 75% to
95% of appropriately treated patients with
tuberculous spondylitis.77 However, the
emergence of antibiotic-resistant strains of
M. tuberculosis is expected to complicate the
management of this facet of the disease,
and the general medical and immunologi-
cal status of patients with spinal epidural
abscess must be considered. Accordingly,
management must be individualized.

Tuberculosis Meningitis and
Spinal Cord Tuberculoma

Intradural tuberculosis of the spine may
be classified as (7) diffuse meningeal in-
flammation or (2) mass lesions of the
spine. In meningitis, or what has been

termed radiculomyelitis,98 there is diffuse
inflammation of the leptomeninges, with
tuberculous exudate that microscopically
reveals caseating granulomas and tuber-
cles. The spinal cord and roots are injured
as a result of the diffuse inflammatory
process.

The clinical presentation of tuberculous
radiculomyelitis has been presented by
Wadia and Dastur.98,99 Patients commonly
present with pain, weakness, and sensory
disturbances. Radicular findings may ob-
scure the diagnosis of myelopathy. A sub-
acute myelopathy or acute transverse
myelitis has been reported.100,101

Findings on MRI of the spine include
clumping of nerve roots, loss of the sub-
arachnoid space, and edema of the spinal
cord.102,103 The CSF typically shows ele-
vated protein and pleocytosis. The man-
agement of this condition is beyond the
scope of this text, and the reader is re-
ferred to infectious disease references.95,104

Space-occupying lesions of the spine
may be observed with tuberculosis, but
these are rare. For example, intramedul-
lary spinal tuberculomas have been re-
ported,105,107 and may cause myelopathy
in patients with AIDS.108 Magnetic reso-
nance imaging has identified intramedul-
lary tuberculomas that may show contrast
enhancement.109,110 Because of the in-
crease in drug-resistant tuberculosis and
the AIDS epidemic, spinal tuberculosis is
expected to continue to be considered in
the differential diagnosis of patients at risk
for tuberculosis.

Fungal Infections

Several different fungi may invade the
spinal cord, either as primary infection or
as a manifestation of disseminated disease.
As with bacterial infections, fungal infec-
tions may involve the intramedullary
spinal cord or the leptomeninges or they
may cause epidural spinal cord compres-
sion. In the spine, many fungal infec-
tions behave like masses, compressing the
spinal cord or cauda equina.4 The radio-
graphic appearance of spinal fungal infec-
tions may be similar to pyogenic and tu-
berculous infection.89
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Cryptococcal involvement of the spine
usually occurs as a necrotic granu-
lomatous mass in the intradural loca-
tion,4,111 but it may occur secondary to
osteomyelitis.112 Coccidioides,113,114 Blasto-
myces,4,115 Aspergillus,50,ll6,117 and Nocar-
dia 118, 119 have been found to cause
myelopathy or cauda equina compression
due to granulomas in both intradural and
extradural locations. Candidiasis may also
rarely involve the spine.120,121 Spinal in-
volvement from actinomycosis is consid-
ered rare, but it may occur due to exten-
sion from a paravertebral site or, less
commonly, from a vertebra.89

Parasitic Disease

Although parasitic disease involving the
spine is rare in North America and Eu-
rope, it is occasionally observed in patients
who have visited endemic areas or who are
immunosuppressed.122 The parasitic dis-
eases most commonly seen are cysticerco-
sis, hydatid disease, and schistosomiasis.4

Cysticercosis is a disease that results
from ingestion of the pork tapeworm,
Taenia solium. Involvement of the central
nervous system results when embryos dis-
seminate to the brain and, occasionally, to
the spinal cord. There they form cysts, or,
as occurs in the racemose form in the cere-
bral ventricles and subarachnoid space,
multiple cysts that are grouped together.
A case of cysticercosis involving the dorsal
spinal cord has been reported.123

Hydatid disease is caused by the larval
form of the parasite Taenia echinococcus. It
is rarely encountered in North America.
The liver is most often involved;4 the cen-
tral nervous system may be involved as a
primary site of infection or as a host site
for a metastatic cyst. The most common
cause of spinal dysfunction is vertebral in-
volvement with secondary spinal canal en-
croachment. According to a 1955 study by
Fischer,4 there have been a dozen cases of
cysts involving the spinal cord but over
200 reports of vertebral column involve-
ment.

Schistosomiasis arises from infection
with one of three trematode parasites:
Schistosoma haematobium, found mainly in

Africa; S. mansoni, present primarily in
Africa and South America; and S. japon-
icum, seen in the Far East.4 Involvement of
the central nervous system is rare with any
of the three parasites, yet each reveals a
different pattern of CNS invasion. For ex-
ample, 5. haematobium primarily affects the
spinal cord. S. japonicum may involve the
brain and almost never invades the spinal
cord. S. mansoni causes lesions in the brain
and spinal cord with similar frequency
and is the most common cause of spinal
schistosomiasis.124

Back pain and leg pain that may be
present for a few weeks are often part of
the initial clinical presentation of spinal
schistosomiasis. These symptoms give way
to weakness, sensory loss, and sphinc-
ter dysfunction.125,126 Although the clini-
cal presentation may evolve over sev-
eral months, the myelopathic signs may
develop acutely over several hours or
days.127 Schistosomiasis is to be suspected
in the patient who has been in an endemic
area. Pathological findings are those of ar-
terial and venous infarction secondary to
ova in these blood vessels.4

In addition to the above parasitic dis-
eases, myelopathy may rarely be due to
toxoplasmosis, paragonimiasis, gnathosto-
miasis, trichinosis, and malaria.4,122,128,129

NONINFECTIOUS
INFLAMMATORY DISEASES

Sarcoidosis

Neurologic involvement has been re-
ported in 5% of sarcoidosis cases. Involve-
ment of the spine includes the spectrum
of arachnoiditis, cauda equina syndrome
and other radiculopathies, intramedul-
lary disease, and extradural disease.130

The pathogenesis, diagnosis, and manage-
ment of sarcoidosis have been recently re-
viewed.131

Sarcoidosis may involve the spine or
nerve roots secondary to intradural or
epidural localization of granulomata. Al-
though rare, there have been isolated
reports of sarcoidosis causing a clinical
syndrome characterized by an expanding
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intramedullary mass, and more recently a
series of 16 patients with intramedullary
sarcoidosis.130 More commonly, clinical
and imaging studies may be consistent
with arachnoiditis. The sarcoid granulo-
mata may cause vascular compression with
secondary ischemic changes of the spinal
cord.4 Sarcoid may infrequently involve
the skeletal system.89,132 Pulmonary in-
volvement may be seen radiographically
in 80% to 90% of patients with osseous sar-
coidosis.89 When the vertebral column is
involved, the thoracic and lumbar regions
are the most common sites;133 in such
cases, roentgenograms of the spine may
show a variable appearance.73,134-136 The
MRI appearance of intramedullary sar-
coidosis has been recently reported;130

among 16 patients, Junger and col-
leagues found leptomeningeal enhance-
ment, fusiform spinal cord enlargement
(either focal or diffuse), and spinal cord
atrophy.

Corticosteroids have been used in the
treatment of systemic and neurologic
manifestations of sarcoidosis.137,138 Junger
and colleagues130 found that corticoste-
roids, often in high dose, were the main-
stay of therapy; five of 12 patients re-
sponded. In cases where corticosteroids
are contraindicated or cannot be tol-
erated, other immunosuppressive agents
such as methotrexate, azathioprine, cy-
closporine, and antimalarials and radia-
tion therapy have been used.131,139-142

Rheumatoid Arthritis

Rheumatoid arthritis (RA), an inflamma-
tory disease affecting synovial joints as
well as periarticular tissues, is a well-
defined cause of spinal cord compres-
sion.143,144 The most commonly involved
level of involvement is the atlanto-axial
joint; the damage occurs as a result of ven-
tral subluxation of Cl on C2. This level is
vulnerable because the odontoid is bor-
dered ventral and dorsally by synovial
joints and dorsally by the transverse at-
lantal ligament, which may also be in-
volved. Atlanto-axial instability has been
reported in 36% of rheumatoid outpa-
tients145 and in 61% of patients requir-

ing knee or hip arthroplasties (see Fig.
9_4).146

Dorsal subluxation is a less frequent
cause of compressive myelopathy.147 In-
volvement of the occipito-atlanto-axial
complex may also permit the skull to settle
on the cervical spine, resulting in upward
migration of the dens through the fora-
men magnum. This abnormality has
been reported to occur in 5% to 8% of pa-
tients with RA and has been variously
termed cranial settling,148-150 atlanto-axial

Figure 9-4. An MRI of the craniocervical junction in
a patient with rheumatoid arthritis who sustained a
fracture of the C2 vertebra (after long-term steroids),
causing cord compression. Arrow indicates changes
in the spinal cord secondary to compression. (Cour-
tesy of Dr. Richard Becker.)
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impaction,151,152 and pseudobasilar invagi-
nation.153 Brain-stem compression may
occur secondary to this vertical migration.

Occasionally, the lower spinal cord and
nerve roots are involved as a result of
complications of rheumatoid arthritis (Fig.
9-5).144 For example, there are case re-
ports of rheumatoid pachymeningitis of
the spinal dura,154 and involvement of the
epidural space with rheumatoid nodules
and granulation tissue155,156 may cause
spinal cord or nerve root compression.
Furthermore, the vertebral bodies157 or
intervertebral discs158 may infrequently be
the site of rheumatoid involvement, re-
sulting in subluxation and neural com-
pression. Because of the frequency of at-
lanto-axial subluxation (AAS), this section
will discuss this important aspect of spinal
disease in rheumatoid arthritis.

CLINICAL FEATURES AND
DIAGNOSTIC IMAGING STUDIES

Symptoms and signs of AAS are protean.
Paresthesias, crepitation, and pain are
common early symptoms. The pain may
radiate to the occiput if the second cervical

Figure 9-5. An MRI of the lumbar spine showing
discitis at Ll-2 and secondary epidural abscess caus-
ing spinal cord compression (arrow). The patient
had severe rheumatoid arthritis and had undergone
a laminectomy, following which she developed the
discitis. (Courtesy of Dr. Richard Becker.)

root is compressed. Hyperreflexia was
the most common early manifestation of
myelopathy in a series of 100 patients re-
ported by Stevens et al.145 Hyperreflexia
was observed in 24 of 36 patients with 3
mm or more ventral atlanto-axial subluxa-
tion, but it was also observed in 10 patients
without subluxation. As myelopathy pro-
gresses, Babinski responses and other
signs of myelopathy ensue. For example,
in a series of 32 rheumatoid patients with
cervical spine disease referred for neuro-
logic consultation, Nakano et al.145a found
(1) that more than half had pain in the C2
dermatome, two had spastic quadriparesis
of insidious onset, and progression was
seen in nearly all, with rapid progression
after minor trauma in occasional patients,
and (3) six patients had brain-stem signs
that could be precipitated by neck move-
ments.

Radiographs of the spine show a vari-
ety of abnormalities in patients with
RA,89,152,159 AS noted above, plain radi-
ographs commonly reveal ventral AAS in
both unselected rheumatoid outpatients
and those with more advanced dis-
ease.145,146 This may not be apparent if
flexion and extension views are not ob-
tained, underscoring the importance of
obtaining these radiographs.89,152,160 Since
such subluxation may cause spinal cord
compression, flexion-extension studies
must be performed with caution to avoid
neurologic injury. AAS may occur sec-
ondary to a variety of other causes, includ-
ing Down's syndrome,161-164 trauma, neo-
plasms,165 Behcet's syndrome,166 psoriatic
arthritis,167 achondroplasia,168 and neu-
rofibromatosis (see Chapter 2).169

In addition to plain radiographs, CT
has been used to delineate the spinal de-
formities associated with RA;170,171 CT
myelography has also been used in the ra-
diological evaluation of AAS.172 Magnetic
resonance imaging has become the imag-
ing test of choice for viewing the cranio-
cervical junction, providing excellent res-
olution of the bone, soft tissues, and
brainstem and spinal cord. Magnetic reso-
nance imaging can demonstrate whether
spinal cord compression is secondary to
subluxation or soft-tissue changes such as
pannus formation.173-175 In addition to the
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Cl-2 level, subluxation may occur at other
levels of the spine, and radiographic ab-
normalities associated with spinal cord
compression at lower levels are occasion-
ally seen (see Fig. 9-5).89

NATURAL HISTORY AND THERAPY

Cervical spine involvement and AAS due
to RA are commonly observed early in the
course of the disease and correlate with its
severity elsewhere. Many patients who de-
velop ventral AAS will do so within a few
years of onset of RA. In a postmortem
study, ventral AAS was found in 11% to
46% of cases.160 Neurologic signs are
noted in up to one third of patients with
cervical spine involvement, and neuro-
logic progression may occur in 2% to 36%
of cases.160 However, atlanto-axial instabil-
ity may persist without clinical change for
years. For example, among 41 rheumatoid
patients with AAS followed for 10 years or
more, 61% showed no significant progres-
sion, 27% showed progression of subluxa-
tion and 12% showed reduced anterior
subluxation, sometimes associated with an
increase in vertical subluxation. Among
this cohort of 41 patients, three developed
progressive neurologic dysfunction.176 Al-
ternatively, Pellicci et al.177 reported a
higher rate of progression of AAS and
neurologic deterioration. In his series,
which was followed for six years, 80%
showed evidence of progression on imag-
ing studies and 36% revealed neurologic
deterioration.

The management of rheumatoid AAS
must be individualized; it includes both
medical and surgical options. Medical
therapy includes treatment of the overall
disease process, use of a collar and, antiin-
flammatory agents, and an exercise pro-
gram.178 The indications for surgical inter-
vention are controversial and evolving.
Surgical therapy, although not uniformly
successful, must be considered in patients
with progressive neurologic impairment
due to compression or those with incapac-
itating pain.179,180 If a patient suffers from
progressive neurologic dysfunction due to
AAS, and his/her general health permits,
surgery is usually considered in an at-
tempt to prevent neurologic deterio-

ration. Because many patients requiring
surgery have debilitating intercurrent
problems associated with their underlying
disease and are thus susceptible to infec-
tion and poor wound healing, they are a
major surgical challenge and risk.160

These patients may, in fact, present exces-
sive risks. Ranawat reported a grading sys-
tem for extent of disability (Table 9-4).181

In RA patients, the morbidity and mortal-
ity in surgically treated patients in class
IIIb according to Ranawat's classification
is excessive, thus often contraindicating
surgery.

There is also controversy in cases of ra-
diologic instability without clinical signs of
neurologic involvement. Rosenbaum, et
al.143 state that the only radiolographic
finding that mandates neck surgery in pa-
tients without spinal cord or brain-stem
dysfunction is odontoid fracture. They
base this recommendation on natural his-
tory studies that reveal that only a mi-
nority of patients will develop neuro-
logic compromise. They acknowledge that
other authors recommend surgery using a
measure of subluxation (e.g., 8 mm of ven-
tral atlanto-axial movement or 4 mm of
subaxial subluxation, with imaging evi-
dence of spinal cord compression, without
clinical signs of neurologic dysfunc-
tion).182-184 These recommendations must
be tempered with data that substantiate a
significant incidence of sudden death re-
lated to AAS in patients with RA.185

Due to the risk of injury during intuba-
tion among patients with AAS, cervical
spine stability prior to endotracheal anes-
thesia is recommended in rheumatoid pa-
tients suspected of having AAS. If instabil-
ity is found, special precautions need to be
taken to protect the neck during intuba-
tion and during the anesthesia.

Table 9-4. Ranawat Classification of
Myelopathy181

Class Neurologic Status

I Intact
II Radiculopathy/Mild myelopathy
IIIa Moderate Myelopathy (but ambulatory)
IIIb Severe myelopathy (non-ambulatory)
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Spondyloarthropathies

The Spondyloarthropathies are a group of
disorders that include ankylosing spondyli-
tis (AS), Reiter's syndrome and reactive
arthritis, psoriatic arthritis, and arthritis
associated with inflammatory bowel dis-
ease.143,186 Since they characteristically
cause inflammation of the sacroiliac joints,
the facet joints, and spinal ligaments, it is
not unexpected that patients often com-
plain of back pain and develop spinal com-
plications. The Spondyloarthropathies are
to be distinguished from diffuse idiopathic
skeletal hyperostosis (Forestier's disease), a
noninflammatory ossifying disorder affect-
ing the spine which may also cause spinal
cord compression. This syndrome pre-
dominantly involves ossification of the an-
terior longitudinal ligament.

A full discussion of the diagnostic crite-
ria for the spondyloarthopathies is beyond
the scope of this book. In general, they are
inflammatory disorders involving the
sacroiliac joints, spine, and larger periph-
eral joints.187,188 They usually present be-
tween the ages of 20 and 40 years, and
men are more commonly affected than
women. In cases of ankylosing spondylitis,
there is a strong association with the pres-
ence of HLA-B27.189 Extra-articular mani-

festations often occur and may include an-
terior uveitis, aortic insufficiency, and pul-
monary fibrosis. Back pain, which may be
nocturnal, is the most common presenting
complaint of AS.186 Patients often report
morning stiffness that improves with activ-
ity; a flexed posture is often assumed to al-
leviate pain.

In addition, major neurologic complica-
tions such as vertebral fracture due to
minor trauma (Fig. 9-6),190-192 spinal
epidural hematoma,193'194 spinal cord and
nerve root compression, and cauda equina
dysfunction195-197 may occur in patients
with ankylosing spondylitis. Several re-
ports have emphasized the extreme vul-
nerability of the vertebral column to
trauma.191 The cervical spine appears es-
pecially prone to fracture and, as is the
case with rheumatoid arthritis, patients
are vulnerable to spinal deformation dur-
ing hyperextension of the neck at the time
of intubation. Although not as common as
in rheumatoid arthritis, subluxation of
the atlanto-axial joint is not an infre-
quent finding in patients with AS.197,198

Hunter199 found three cases of odontoid
erosions and three cases of atlanto-axial
subluxation among 26 unselected patients
with ankylosing spondylitis. Epidural
hematomas may result from trauma and

Figure 9-6. A CT scan of the lower thoracic spine in a 66-year-old man with ankylosing spondylitis who sus-
tained a fracture of the anterior longitudinal ligament. (A, left figure) Reformatted CT scan showing fracture of
the anterior longitudinal ligament and anterior vertebral column (arrow). (B, right figure) Axial CT scan show-
ing erosive discovertebral pseudoarthosis (arrow) at the level of the fracture. (Courtesy of Dr. Richard Becker.)
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also have been found following spinal
anesthesia.193,194

CLINICAL FEATURES

Nerve root pain, usually thoracic or lum-
bar, is the most common neurologic mani-
festation of the spondyloarthopathies.197

Such radiculopathies may or may not
be associated with abnormal neurologic
signs. In a retrospective series of 54 pa-
tients, seven described symptoms typical
of sciatica.196 In addition, thoracic radicu-
lopathy may cause girdle pain. Spinal cord
compression due to granulomatous tissue
and dural thickening may be a potential
cause of myelopathy,196 and multiple scle-
rosis has been reported at an increased
frequency among patients with AS.187

A progressive cauda equina syndrome is
an infrequent and obscure but well-
described complication of the spondy-
loarthopathies.200 Its pathogenesis is poorly
understood. Pathological studies have typ-
ically shown arachnoid diverticula. Al-
though evidence of arachnoiditis is not
routinely observed, arachnoid cysts and
cauda equina syndrome may be late se-
quelae of arachnoiditis.196 Furthermore,
Charlesworth and colleagues201 have re-
cently shown evidence for arachnoiditis on
MRI, which they conclude provides evi-
dence for arachnoiditis in the pathogene-
sis of the cauda equina syndrome in AS.

Cauda equina syndrome appears to be a
late complication of spondyloarthopathies.
It is often observed years after the disease
has become quiescent. The shortest inter-
val reported between diagnosis of AS and
the development of cauda equina syn-
drome was four years; one-third of pa-
tients suffer from the disease for over 30
years before the syndrome evolves.197

Fourteen patients with cauda equina syn-
drome secondary to AS were reported
from the Mayo Clinic;195 the interval
ranged from 17 to 53 years and averaged
35 years. Furthermore, AS had gone into
remission in 10 of the 14 patients prior to
the onset of neurologic symptoms. Once
diagnosed, cauda equina syndrome is usu-
ally slowly progressive.195 The clinical
manifestations of the syndrome are typical

of cauda equina syndrome due to other
causes: sphincter disturbances, impotence,
a lax anal sphincter, pain, loss of sensation
over the sacral and lower lumbar der-
matomes, and weakness and wasting of
muscles innervated by the cauda equina.
In the Mayo Clinic series,195 the most com-
mon finding on neurologic examination
was sensory loss, usually symmetrical, in
the distribution of multiple nerve roots at
and below the L5, S1, S2, and S3 level. In
the same series, weakness (often asymmet-
ric) was found in the distribution of the L5
and sacral roots. Deep tendon reflexes are
depressed routinely at the ankles, and oc-
casionally at the knees.

LABORATORY STUDIES AND
DIAGNOSTIC IMAGING STUDIES IN
THE CAUDA EQUINA SYNDROME

The electromyogram commonly shows ev-
idence of denervation of muscles inner-
vated by multiple lumbar and sacral nerve
roots. Cerebrospinal fluid findings usually
do not show typical signs of arachnoiditis;
rather, normal or modestly elevated pro-
tein is commonly found.195 Conventional
radiography usually shows involvement of
the sacroiliac joints, which are almost al-
ways affected.202-204 Spinal inflammation
accompanies this involvement, and it
eventually may result in a "bamboo" ap-
pearance on x-ray, which has earned it the
name "bamboo spine."204

Myelography may be normal, especially
if the procedure is done with the patient
in a prone position. However, if the pa-
tient is in a supine position, myelography
often reveals multiple arachnoid divertic-
ula,196 which usually erode the adjacent
vertebrae. The thecal sac may be widened
in the lumbosacral region.

Lumbar puncture is difficult to perform
in patients with AS, and there is a risk of
transient neurologic worsening after myel-
ography.195,205 In some patients, CT may
eliminate the need for myelography.
Among other abnormalities, CT may show
scalloping of the laminae, multiple dorsal
diverticula, and calcification of ligaments
and discs associated with dural ectasia
and posterior diverticula.195,206,207 Mag-
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netic resonance imaging has been re-
ported to reveal characteristic expansion
of the lumbar spinal canal, with scalloping
of the pedicles, laminae, and spinous
processes along with dural diverticula. As
mentioned above, arachnoiditis has been
reported to be seen on MRI.201 Magnetic
resonance imaging and CT are the pre-
ferred modalities for imaging these pa-
tients.208,209

THERAPY

The treatment of AS includes the use of
antiinflammatory agents and strengthen-
ing exercises.210 Extension exercises, hy-
drotherapy, and swimming appear very ef-
fective. Bartleson and colleagues195 report
no effective therapy for cauda equina
syndrome secondary to longstanding AS
and advise that surgical intervention be
avoided. More recently, there have been
case reports of apparent benefit derived
from shunting between the lumbar sub-
arachnoid space and the peritoneum.211,212

SUMMARY

Both infectious and noninfectious inflam-
matory diseases may cause spinal cord and
root compression, thereby causing neuro-
logic manifestations. These disorders are
presented in this chapter and are to be
distinguished from primary inflammatory
diseases of the spinal cord such as demy-
elinating diseases. This distinction is made
because the imaging findings usually sepa-
rate these two groups of disorders. Fur-
thermore, the clinical manifestations are
often distinguishable.

Initially pyogenic diseases which may
cause epidural abscess have been dis-
cussed at length. Epidural abscess is a rare
disorder, but its frequency appears to be
increasing. The infection may spread from
a known infection elsewhere or may ap-
pear initially in the vertebral column with
secondary extension into the spinal canal.
The dura mater is effective in limiting its
spread, but the spinal cord and roots are
compressed as the abscess extends into
the spinal canal. Staphylococcus aureus is
the most common organism isolated from

epidural abscesses, although there is an
increasing incidence of other bacteria, es-
pecially Gram-negative bacilli. Magnetic
resonance imaging is the diagnostic imag-
ing test of choice because paraverte-
bral abscesses, discitis, osteomyelitis and
epidural extension of the abscess can be
identified. Therapy includes antibiotics
and surgery. Principles used in the deci-
sion for surgical intervention are dis-
cussed in the text. Intramedullary pyo-
genic abscesses are rare and are also
reviewed.

Neural compression from tuberculosis
may occur secondary to tuberculous
spondylitis or tuberculous meningitis. In
addition, examples of spinal cord com-
pression from vertebral column defor-
mities (e.g., kyphosis) found years after
tuberculous spondylitis are also seen.
Magnetic resonance imaging is helpful in
diagnosis; however, the findings are not
pathognomonic. The principles of therapy
for tuberculosis are mentioned but cur-
rent infectious disease references should
be consulted for management of this and
the other infectious diseases reviewed in
this book. Fungal infections and parasitic
diseases are also briefly reviewed.

Noninfectious inflammatory diseases
are discussed in this chapter. Among
them, sarcoidosis, rhematoid arthritis and
ankylosing spondylitis are discussed in
some detail. Rheumatoid arthritis pre-
sents unique problems for the spine since
the atlanto-axial joint is frequently in-
volved, which may lead to atlanto-axial
subluxation. Spinal cord or root compres-
sion may occur at other levels due to pan-
nus formation or complications of the dis-
ease or immunosuppressive therapy. The
principles involved in management of the
neurologic complications of rheumatoid
arthritis are reviewed.

The spondyloarthropathies include
ankylosing spondylitis, Reiter's syndrome,
psoriatic arthritis, and arthritis associated
with inflammatory bowel disease. The
spinal complications of ankylosing spondyli-
tis, as the prototype for this group of dis-
eases, are presented in this chapter. Axial
and root pain are the most common neu-
rologic manifestations of the disease. Fur-
thermore, vertebral fracture due to minor
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trauma is a feared complication which
may occur in these patients. An infrequent
complication of the spondyloarthropathies
is a progressive cauda equina syndrome.
The pathogenesis is not understood but
the clinical manifestations and diagnostic
imaging features are presented. The man-
agement of inflammatory diseases of the
spine requires integration of an under-
standing of (1) the biology of the underly-
ing disease process, (2) clinical manifesta-
tions, (3) diagnostic imaging findings, and
(4) biomechanics of the spine.
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SYRINGOMYELIA

Syringomyelia is characterized by cavita-
tion of the spinal cord, resulting in myelo-
malacia and cystic cavitation. Although it
has protean manifestations, traditionally it
has been considered to be a chronically
progressive disorder that is clinically man-
ifested by brachial amyotrophy, dissoci-
ated anesthesia, neurogenic arthropathies,
and long tract signs.1 Its pathogenesis is
controversial. Barnett et al.1 have sug-
gested that syringomyelia be classified into
communicating and noncommunicating
forms (Table 10-1). The communicating
types are usually associated with obstruc-
tive lesions of the foramen magnum, lead-
ing some authors2 to propose a hydrody-

namic theory for its development. The
noncommunicating type is usually associ-
ated with other diseases of the spinal cord,
discussed below.

Pathology

Syringomyelia most commonly affects the
cervicothoracic region of the spine. The
cavity often extends at least one-half
of the rostrocaudal extent of the spinal
cord; the largest portion of the cavity is
often in the cervical region, although it is
usually absent at the first cervical
segment.3,4 A syrinx commonly extends
into the lower end of the thoracic spinal
cord. The lumbosacral spinal cord is rarely
involved, although occasionally the cavity
may extend the entire length of the cord
and even into the brain stem or cerebrum.5

At the level of the syrinx, the spinal cord
may be of normal transverse size, wider
than usual, or occasionally thinner than
normal.6 The cavity is usually located
within the gray matter of the spinal cord,
dorsal to the central canal3 (Fig. 10-1),
and is usually filled with clear fluid
that has the composition of cerebrospinal
fluid.4 Occasionally, the fluid may be xan-
thochromic or may reveal signs of hemor-
rhage.7 As the cavity enlarges, it may in-
volve the lateral and posterior funiculi
and may extend to the pial surface. Al-
though a communication with the central
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Table 10-1. Classification of
Syringomyelia*

1. Communicating (syringo-hydromyelia)
a. Associated with developmental abnor-

malities of the cranial-cervical junction
and posterior fossa (e.g., Chiari malfor-
mation)

b. Associated with acquired obstructive le-
sions of the foramen magnum (e.g., basi-
lar meningitis)

2. Secondary to traumatic myelopathy
3. Secondary to spinal arachnoiditis
4. Secondary to spinal cord tumors
5. Idiopathic (unrelated to the above causes)

*Adapted from Barnett, HJM, et al.,1 p. 312.

canal may be present, this is not found in
all cases.

The wall of the cavity varies in histologi-
cal appearance. It may be irregular and
may contain degenerated neuroglial ele-
ments, strands of collagen, and blood ves-
sels. When it communicates with the cen-
tral canal, the cavity frequently is lined by
ependymal cells.3 This process is often
termed hydromyelia, reflecting its com-
municating nature. In noncommunicating
cases associated with neoplasms, trauma,
and arachnoiditis, these pathological con-

ditions are present, usually making the
etiology obvious. In both communicat-
ing and noncommunicating syringomyelia,
other associated pathological processes
such as scoliosis and developmental dis-
turbances may be present and should be
considered.

Pathogenesis

Syringomyelia is associated with a diverse
group of disorders. This thwarts attempts
to develop a unified understanding of
its pathogenesis and leads to intense de-
bate.1,2,8,9

COMMUNICATING
SYRINGOMYELIA

Communicating syringomyelia may be
part of a dysraphic state (for example,
myelomeningocele, basilar invagination,
Chiari malformation [I or II], or Klippel-
Feil anomaly) (Fig. 10-2). Gardner2 pro-
posed that communicating syringomyelia
arises secondary to the obstruction of nor-
mal CSF flow through the outlets of the
fourth ventricle. He suggested a water-
hammer effect in which CSF pulsations

Figure 10-1. Transverse section of cord showing syrinx in the central gray matter surrounded by gliosis. (Cour-
tesy of Lysia Forno.)
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are transmitted to the central canal due to
this obstruction (Fig. 10-3A and B). He
postulated that the central canal thus di-
lates and, with rupture of the ependymal
lining, a cystic cavity is formed within
the spinal cord. This theory may apply in
cases of syringomyelia associated with
craniocervical anomalies.

Williams10 suggested that differences in
the intracranial, intraspinal, and venous
and CSF pressures are important in the
pathogenesis of syringomyelia. Coughing
and other Valsalva maneuvers result in en-
gorgement of the epidural venous plexus
(Fig. 10-3C), causing displacement of
spinal CSF intracranially. If there is
any obstruction of CSF outflow from the
fourth ventricle, then, CSF is postulated to
enter the central canal. When the epidural
venous plexus fills, the fluid within the
central canal and syrinx is displaced to the
area of least resistance and lowest pres-
sure. According to this view, these fluid
shifts result in extension of the cavity to
other areas of the spinal cord. Ball and
Dayan11 propose that CSF under in-

Figure 10-2. An MRI of the craniocer-
vical junction (A) and thoracic spine
(B) of a patient with Chiari malforma-
tion and syringomyelia. The patient
presented at age 15 with acute
myelopathy and sensory level in the
midthoracic region. No imaging or
CSF analysis was done, but she was
told she had multiple sclerosis, and
gradually improved. She presented
again at age 36 with nystagmus, gait
ataxia, and lower extremity spasticity.
(A) An MRI revealed descended cere-
bellar tonsils (curved arrow) and sy-
rinx (arrow) in the cervical spine. (B)
The syrinx (arrow) extends into the
thoracic spine.

creased pressure tracks along Virchow-
Robin spaces to form cystic cavitations
within the spinal cord (Fig. 10-3D). This
theory explains the passage of intrathecal
contrast material into noncommunicating
syrinxes.

Obstruction of the subarachnoid path-
ways via a coning effect seems to be a
common factor with communicating sy-
ringomyelia. The theories of both Williams
and Gardner are based on the assumption
that the pathology is related to passage of
CSF through the central canal from the
obex to the syrinx. However, a more
plausable and clinically consistent theory,
posed by Oldfield et al.12 is that the Chiari
I malformation partially occludes the sub-
arachnoid space and completely occludes
it during systole. The cerebellar tonsils de-
scend (during systole) and act as a piston
that causes a descending wave of sub-
arachnoid CSF. This, in turn, compresses
the spinal cord in a wave-like fashion. This
wave of external spinal cord pressure is
thought to propel syrinx fluid caudally,
gradually dissecting the spinal cord and
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Figure 10-3. Diagrammatic representations of pathophysiological theories of syringomyelia. (A) Normal CSF
flow. Note incomplete central canal of spinal cord. (B) Gardner's theory emphasizing imperforate foramen of
Magendie (blocked arrow, insert). (C) William's theory emphasizing the "ball-valve" effect of foramen magnum
obstruction. Movement of intracranial CSF into the spinal canal is impeded and redirected into the central ca-
nal. The CSF movements in the syrinx are depicted (inset). (D) Theory of Ball and Dayan and Albouker. Move-
ment of CSF from the spinal canal into the cranial space is impeded (blocked arrow). The CSF passes into the
cord. (From Sherman et al.,24 with permission.)

increasing syrinx size.12,13 Decompression
and the elimination of the coning phe-
nomenon appear to be curative in a ma-
jority of cases (see below).13-17 In fact, in
cases where it was not effective, persistent
compression was observed.18

NONCOMMUNICATING
SYRINGOMYELIA

Cases of noncommunicating syringomyelia
may be associated with intramedul-
lary tumors, posttraumatic states, spinal
arachnoiditis, infarction, acute transverse
myelopathy, and, rarely, extramedullary
cord compression.19,20 Extensions of the
cavities observed after spinal cord trauma
may be due to transmission of venous back
pressure, to the spinal cord precipi-
tated by Valsalva maneuvers.1 Experimen-
tal studies have suggested that ischemia of
the spinal cord caused by spinal arach-
noiditis and tethering may be important
in cases of syringomyelia associated with
posttraumatic states and spinal arach-
noiditis.1

The cystic cavitations associated with in-
tramedullary spinal cord tumors are simi-
lar to the cysts formed in association with
cerebral neoplasms. Poser21 found that of
245 cases of syringomyelia, 40 patients
(16%) had intramedullary spinal cord
tumors, while among 209 patients with
a diagnosis of spinal tumor, 65 cases
(31%) had syringomyelia. The most com-
mon spinal tumors associated with sy-
ringomyelia are those in von Hippel-
Lindau disease and von Recklinghausen's
disease.1 Approximately 20% of patients
with von Recklinghausen's neurofibro-
matosis harboring multiple intraspinal
and intracranial nerve sheath tumors or
meningiomas also had spinal cord cavita-
tion.22 A high incidence of syringomyelia
is found when spinal hemangioblastoma
is a manifestation of von Hippel-Lindau
disease.23

In addition to being a sensitive modality
for the diagnosis of syringomyelia, MRI
may be valuable in elucidating its patho-
genesis.20 Using MRI, 58 cases of sy-
ringomyelia were classified as commu-
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nicating (those associated with Chiari mal-
formation), 40%; traumatic, 29%; neoplas-
tic, 15%; and idiopathic, 15%. The average
length of the syrinx was approximately
seven spinal segments.24

Clinical Features

The clinical presentation of syringomyelia
is dependent upon the location of the sy-
rinx and the associated pathological
changes noted above. Thus in some cases,
an associated pathological condition such
as Arnold-Chiari malformation (present in
more than 60% of cases in some series) or
hydrocephalus may overshadow the spinal
findings.10,25 As noted above, although sy-
ringomyelia may occur at any level, its
most common location is in the cervi-
cothoracic region, and the most typical
syndrome includes brachial amyotrophy,
dissociated segmental sensory loss, trophic
disturbances, and long tract findings.

Syringomyelia may present at any age
but most commonly occurs between the
ages of 25 and 40. Men are somewhat more
frequently affected than are women.26

Although familial occurrence has been
reported infrequently, syringomyelia is
considered a sporadic disease in most in-
stances.27

The symptoms and signs of sy-
ringomyelia are shown in Table 10-2. Sen-
sory abnormalities are the most common
presenting complaint, with 52% of pa-
tients reporting sensory loss, pain, or
paresthesias. The sensory loss is typically
in a cape distribution, a pattern that is sec-
ondary to involvement of the decussating
pain and temperature pathways, with
preservation of posterior column func-
tion. Occasionally, such sensory involve-
ment will result in painless burns of one or
both upper extremities as a presenting
manifestation. When advanced, sensory
disturbances may result in painless ul-
cers and dystrophic changes (Morvan's
syndrome). Infrequently, the posterior
columns may also be involved and com-
plete anesthesia may be seen.

Pain may be a presenting manifestation
of syringomyelia.28 In one study it was re-
ported in one third to one-half of patients

Table 10-2. First Signs and
Symptoms of Syringomyelia Noted
By Patients*

SYMPTOM/SIGN

Muscular weakness
Sensory disturbances
Paresthesias
Pain
Neurogenic arthropathy

scoliosis
Muscular wasting
Spastic gait
Brain-stem signs
Trophic skin disorders

*From Schliep, G,27 p. 260

No. OF PATIENTS
(N = 172)

52 (30%)
32 (19%)
32 (19%)
25 (14%)

and 1 1 (6%)

9 (5%)
5 (3%)
3 (2%)
3 (2%)

, with permission.

with idiopathic syringomyelia or with ob-
struction of the foramen magnum.29 The
pain is usually of a burning or aching na-
ture and is often seen at the borders of
sensory impairment. Exacerbation by a
Valsalva maneuver suggests an associated
compressive lesion such as an Arnold-
Chiari malformation.

Muscle weakness, the second most com-
mon presenting complaint (see Table
10-2), is present in 30% of cases. It often is
associated with wasting and diminution of
the deep tendon reflexes. Kyphoscoliosis
and neurogenic arthropathies account for
approximately 6% of the presenting mani-
festations.27 Kyphoscoliosis may reflect in-
volvement of the tracts projecting to axial
musculature. Neurogenic arthropathies in
the areas of anesthesia are observed in ap-
proximately 25% of cases throughout the
course of the disease.30

Autonomic involvement, in the form of
trophic disturbances of the skin, Horner's
syndrome, or sphincter disturbance, is fre-
quently encountered. Horner's syndrome
may occur secondary to involvement of
the descending sympathetic pathways or
involvement of the intermediolateral cells
at C8, Tl, and T2. Trophic changes in the
upper extremities are also reported. In-
volvement of descending autonomic fibers
may cause a neurogenic bladder, but this
is usually a late phenomenon.



346 Diseases of the Spine and Spinal Cord

When syringomyelia is of the communi-
cating variety, brain-stem and cerebellar
signs (for example, ataxia, nystagmus,
hoarseness, dysphagia, and hydrocephalus)
may be present and dominate the clinical
presentation. When a spinal cord tumor is
the cause, the motor and sensory distur-
bances often extend over several segments.

Somatosensory-evoked potentials have
been used to evaluate intramedullary
spinal cord tumors and syringomyelia.31

According to Restuccia and colleagues, the
somatosensory-evoked potential was fre-
quently more sensitive than the clinical
neurologic examination in defining the
extent of involvement. This modality may
provide an adjunct to the clinical exami-
nation and MRI scan in evaluating re-
sponse to therapy, especially in patients
with subtle neurologic signs.

Although the clinical onset is usually in-
sidious and the temporal course is most
commonly progressive, the course may
vary. Among32 patients followed for up to
20 years, Schliep27 defined four differ-
ent temporal profiles of syringomyelia:
(1) chronic progression, 50%; (2) no pro-
gression during period of follow-up, 22%;
(3) stationary and progressive stages, 25%;
and (4) partial remission, 3%. The obser-
vation33-35 that no progression of signs or
symptoms may be found in a substantial
number of patients over several years has
led to difficulty in the differential diagno-
sis and in evaluating therapies.

Diagnostic Imaging Studies

Plain radiographs or MRI of the cervical
spine may show a dilated cervical canal
(Fig. 10-4), and the craniocervical junc-
tion may show developmental abnormali-
ties such as basilar impression, atlanto-
axial dislocation, and occipitalization of
the atlas.36 For example, McRae37 was able
to demonstrate bony abnormalities in the
region of the foramen magnum in 38% of
patients with a clinical diagnosis of sy-
ringomyelia. Occasionally, fused verte-
brae, bifid spinous processes, Klippel-Feil
deformity, and other vertebral anomalies
may be observed, as well as anomalies in
the thoracic and lumbosacral spines.27

Figure 10-4. An MRI of the cervical-upper thoracic
cord showing a massively dilated spinal cord due to
syrinx. The spinal canal is enlarged due to the chronic
cord dilatation. (Courtesy of Dr. Richard Becker.)

The cystic cavitation of syringomyelia
may change in shape and size, and thus
has been difficult in many cases to demon-
strate myelographically.38 Its appearance
may vary depending upon whether air or
positive contrast is used and whether the
patient is in a sitting or reclining position.
This phenomenon has given rise to the so-
called collapsing cord sign that can pres-
ent difficulties in the diagnosis of sy-
ringomyelia.32,39

In 1975, Di Chiro and colleagues40 de-
scribed the value of CT in the diagnosis of
syringomyelia. Administering of intrathe-
cal contrast material revealed the cys-
tic cavity filled with contrast. Since that
time, the criteria for CT diagnosis of sy-
ringomyelia have evolved.41-43 On CT, the
transverse diameter of the spinal cord may
be small, normal, or expanded.41
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Magnetic resonance imaging (see Figs.
10-2 and 10-4) has been found to be ex-
ceedingly sensitive in the diagnosis of in-
tramedullary spinal cord disease.44 Mag-
netic resonance imaging is equivalent or
superior to CT myelography in the diag-
nosis of many cases of syringomyelia,8'45

and it may be able to differentiate intra-
medullary neoplasms from intramedul-
lary cysts.46 In addition, arachnoid cysts
associated with syringomyelia have been
reported using MRI.47

Therapy

Complications of syringomyelia, such as
burns and decubiti, may be prevented if
patients are aware of these risks. Neu-
ropathic pain is a common problem,
which may respond to routine analgesics,
amitriptiline, or carbamazepine. Because
this is a chronic disorder, the use of nar-
cotic analgesics should be limited or
avoided. Baclofen or diazepam may be ef-
fective for spasticity.48

Because management decisions in pa-
tients with syringomyelia are usually dif-
ficult, patients should be treated by physi-
cians with a wide experience with
this disorder. Syringomelia is commonly
managed via surgical intervention. Neu-
rosurgical consultation, therefore, should
usually be obtained. Nevertheless, the
neurosurgeon, the referring physician,
and the patient should be cognizant of the
three predominant treatment strategies:
(1) observation without surgery, (2) spinal
decompression operations, and (3) syrinx
drainage operations.

Syringomyelia, as mentioned, is multi-
factorial. This essentially necessitates mul-
tiple, potential therapies, and thus contro-
versy. Therefore, the clinical decision-
making process is extremely complex and
difficult. Nonsurgical management has
been recommended in patients with
(1) advanced, longstanding neurologic
deficits, (2) progressive arachnoiditis,
(3) no significant motor deficit or mild
nonprogressive neurologic deficit, (4) no
response to cyst puncture, or (5) high sur-
gical risk.48 Since the temporal course of
neurologic function is frequently variable,

with long periods of clinical stabilization,
the efficacy of surgical therapy has been
difficult to establish. Nonetheless, surgi-
cal intervention has been advocated in
selected patients: (1) with early and/or
rapid neurologic defect or deterioration,
(2) with Chiari malformation associated
with hydrocephalus and/or neurologic
deficit or neurologic deterioration, and
(3) who previously benefited from surgery
and have since deteriorated. There are
a variety of surgical procedures (e.g.,
foramen magnum decompression, ven-
triculoperitoneal shunt, syringoperitoneal
shunt49,50) that have been used in patients
with syringomyelia and associated prob-
lems.14,15,17,18,51,52 When syringomyelia is
associated with neoplasm, the underlying
neoplasm is treated.

OBSERVATION WITHOUT
SURGERY

Not all syrinxes are the same. Their eti-
ologies differ, as do the characteristics of
the patients in which they lie. For exam-
ple, an asymptomatic small syrinx in an
elderly or a high-medical-risk patient
should usually be observed with serial
imaging studies (MRI). The emergence of
symptoms, however, significantly alters
the decision-making process, particularly
if the symptoms are progressive.

Moderate-sized or large syrinxes in
asymptomatic patients present significant
clinical challenges, as these patients may
neurologically deteriorate abruptly and
occasionally catastrophically. This proba-
bly occurs more commonly in patients
with larger syrinxes. Therefore, patients
must be counseled regarding the risks and
benefits of both operative and nonopera-
tive management.

The etiology of the syrinx also plays a
significant role in the decision-making
process. Syrinxes caused by compressive
lesions, such as Chiari I or II malforma-
tion, respond well to decompression sur-
gery. Furthermore, this surgery is rela-
tively noninvasive, with respect to spinal
cord manipulation and operative spinal
cord manipulation and injury. Addition-
ally, these operations are often successful,
with excellent long-term prognoses. Sy-
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rinxes that are caused by trauma or tumor
are often managed by syrinx drainage
procedures. These operations, which re-
quire spinal cord manipulation, often fail
due to shunt tube obstruction. Hence they
are often not associated with a good long-
term prognosis. These factors must be
taken into consideration in each patient
with syringomyelia.

SPINAL DECOMPRESSION
OPERATIONS

Spinal canal compressive lesions in cases of
communicating syringomyelia, particularly
at the craniocervical junction, can cause a
syrinx caudal to the site of spinal cord en-

croachment.12,13 This communicating sy-
ringomyelia phenomenon most commonly
occurs in association with the Chiari I and
II malformations. Spinal cord decompres-
sion via laminectomy with duraplasty, with
or without suboccipital decompression,
routinely results in syrinx resolution or in
a diminution of its size. If such does not oc-
cur following the decompression opera-
tion, the diagnosis of inadequate decom-
pression must be strongly entertained.18

SYRINX DRAINAGE OPERATIONS

Syrinxes that are caused by trauma or tu-
mor are often managed by syrinx drainage
procedures. These usually entail placing a

Figure 10-5. A T2-weighted image
of the cervical spine in a patient
who incurred a traumatic incom-
plete spine injury 30 years previ-
ously, Note the syrinx (arrows)
and a region of cystic myelomala-
cia (arrowheads). A shunting pro-
cedure only temporarily halted
neurologic deterioration.
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shunt tube into the syrinx cavity with
drainage to an external site such as the
subarachnoid space, the pleural cavity, or
the peritoneal cavity. Simple syrinx
drainage by incision of the spinal cord or
terminal ventriculostomy (incising of the
conus medullaris to drain the syrinx) used
to drain the syrinx into the subarachnoid
space may also be employed.

Obviously, these strategies are more in-
vasive than a simple decompression oper-
ation. They require transgression of the
spinal cord, and are associated with a high
incidence of failure, usually because of
shunt tube obstruction. This correlates
with the natural history of the treated
posttraumatic syrinx patient. Their clini-
cal course is one of a ratcheting down-
hill nature, interspersed with multiple
drainage operations that are first success-
ful and then fail (Fig. 10-5).52 Obviously
syringomyelia caused by tumor is best
managed by tumor resection.

ARACHNOID CYSTS

Arachnoid cysts are leptomeningeal diver-
ticula that may occur in the extradural, in-
tradural, or perineural location. They are
often assymptomatic and are observed in-
cidentally on radiological studies or at
postmortem. They are rare causes of
spinal cord or nerve root compression.53

Most arachnoid cysts communicate with
the subarachnoid space and represent di-
verticula rather than closed cavities.54,55

Arachnoid cysts share a common patho-
genesis; their location depends on local
abnormalities of tissue and hydrodynamic
factors.56 Their histopathology, which con-
sists of arachnoidal tissue, is also similar in
these different locations.56

Extradural Arachnoid Cysts

Arachnoid cysts extend into the extradural
space through a defect in the dura mater.
They may be congenital or secondary to a
rent from trauma or previous surgical in-
tervention (Fig. 10-6).55 Communication
may be found between the cyst and the
subarachnoid space. In a surgical series of

extradural arachnoid cysts,57 a communi-
cation was observed in 58% of cases and
was demonstrated on myelography in
46%. Congenital extradural arachnoid
cysts preferentially occur at the junction of
the radicular dural sheath and the spinal
dura mater or more laterally along the
radicular dural sheath.55

Extradural arachnoid cysts are usually
single. Although the age of clinical presen-
tation may vary enormously, symptoms
frequently begin in adolescence. Arach-
noid cysts are much more common in men
than in women. The most commonly in-
volved region is the thoracic spine dorsal
to the spinal cord.58 In one review,57 65%
of cases were found in the thoracic region.

Clinical symptoms and signs are similar
to those of other space-occupying lesions
of the spine and include pain, radicular
dysfunction, and myelopathic manifesta-
tions. Symptoms may change dramatically
in relation to postural changes. For exam-
ple, one patient developed transient para-
plegia during the exertion of defecation.59

Transient paraplegia was also described in
a pilot after a dive.60 At times, the his-
tory of remissions and exacerbations may
mimic multiple sclerosis. In some cases,
periods of transient neurologic distur-
bance last weeks or months.

Lumbar puncture may reveal normal
results or show nonspecific elevation of
protein. At times, a block may be encoun-
tered. Some patients seem to show im-
provement following lumbar puncture,
which may be due to reduction in CSF
pressure with secondary emptying of a
communicating cyst.

Extradural arachnoid cysts may cause
erosion of the pedicles or other spinal
elements at the level of the cyst and en-
largement of the adjacent intervertebral
foramen if the cyst extends into the par-
avertebral area. These findings may be ob-
served on plain radiographs of the spine.
If the cyst extends into the paravertebral
region, it may be seen radiologically.
These abnormalities may also be revealed
by CT and MRI. Kyphoscoliosis has been
reported to occur with greater frequency
in patients with extradural arachnoid
cysts.55 Myelography usually reveals evi-
dence of an extradural mass. The treat-
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Figure 10-6. A postoperative thoracic epidural arachnoid cyst. A sagittal T2-weighted image of a patient who
previously underwent surgery for an intradural arachnoid cyst. Note the epidural extension of the cyst (arrow)
through a dural vent.

ment of spinal cord compression from an
extradural arachnoid cyst is surgery, if fea-
sible. However, it is only appropriate if
clinical symptoms, neurological deficit, or
impending spinal deformity is present in a
patient with an acceptable medical risk.

Intradural Arachnoid Cysts

Intradural arachnoid cysts are frequently
encountered as asymptomatic findings on
spinal imaging studies. One study61 re-
ported a 10% frequency of these divertic-
ula incidentally found in patients under-
going myelography. However, because
these lesions are usually dorsally located,
myelography may not identify them un-
less the dorsal region of the intradural
space is imaged and the patient is in a
supine position.55,62

Intradural arachnoid cysts may be con-
genital, posttraumatic, familial, or associ-

ated with intramedullary cysts.47,53,54,63

They may occur at any level of the spinal
axis, but they are most commonly ob-
served in the thoracic region. Unlike ex-
tradural arachnoid cysts, they are often
multiple in number. They often become
symptomatic in middle age.55,56

The clinical manifestations of intradural
arachnoid cysts are similar to those of
their extradural counterparts. Although
not always present, the most characteristic
feature is the fluctuation of symptoms in
relation to changes in posture. Clinical
symptoms and signs often worsen with
muscular exertion and increased thoracic
and abdominal pressure.55 The fluctuat-
ing symptoms may suggest multiple scle-
rosis. The clinical course may be acute or
extend over several years.

Plain radiographs of the spine are usu-
ally unrevealing. Due to mixing of the dye
with CSF, myelography with water-soluble
agents may fail to demonstrate the cyst if it



Syringomyelia and Spinal Hemorrhage 351

freely communicates with the subarach-
noid space.54 A CT may be very helpful,
especially when performed following the
administration of intrathecal contrast ma-
terial. Magnetic resonance imaging also is
a sensitive imaging modality for these le-
sions (Fig. 10-7).47

The treatment of intradural arachnoid
cysts depends upon their clinical manifes-
tations, since many are asymptomatic.
Some authors advocate rest in a recum-
bent position several times daily to allevi-
ate minor symptoms.55 The most defini-
tive treatment of spinal cord compression
from intradural arachnoid cysts is surgery.
If the location and circumstances permit,
resection of the cyst may be performed.

Alternatively, if resection is considered too
hazardous, some advocate marsupializa-
tion or shunting of the cyst.54 Recurrence
following surgery is common. This should
be taken into consideration during the de-
cision-making and patient counseling pro-
cess.

SPINAL HEMORRHAGE

Spinal hemorrhage may occur in the
spinal cord itself, the subarachnoid space,
the subdural space, or the epidural space.
In each setting, the clinical presentation is
typically sudden pain followed by neuro-
logic symptoms and signs determined by

Figure 10-7. A T2-weighted MRI of
a patient with an intradural sacral
arachnoid cyst (arrow) and an S2
radiculopathy.
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the level of the hematoma. Some cases are
due to trauma, but in many the etiology is
a coagulopathy, anticoagulant therapy, or
a vascular malformation.64-66

Intramedullary Hemorrhage

Although commonly secondary to trauma,
nontraumatic hematomyelia is encoun-
tered rarely. It may occur secondary to
bleeding from a spinal arteriovenous
malformation (AVM), venous infarction,
AVM with aneurysm, neoplasm, syrinx, or
bleeding diathesis such as hemophilia, an-
ticoagulant therapy, or coagulopathy.65-67

According to Buchan and Barnett,67 nei-
ther congophilic hemorrhage nor hyper-
tensive hemorrhage, both of which are oc-
casionally observed in patients with
intracerebral hemorrhages, has been re-
ported.

The clinical presentation most com-
monly observed is that of sudden severe
back pain with or without a radicular com-
ponent. The neurologic symptoms and
signs largely depend on the level and ex-
tent of the hemorrhage. The hemorrhage
may cause a central cord syndrome; a
complete cord transection may develop in
massive hemorrhage. The CSF usually
demonstrates evidence of hemorrhage.
The myelogram may show an enlarged
spinal cord. Magnetic resonance imaging
may be significant in evaluating these pa-
tients.

Treatment of nontraumatic hemato-
myelia depends upon the underlying
cause. Drainage of the hematoma may be
beneficial in appropriately selected pa-
tients.67 Those with no myelopathy or with
a complete myelopathy may be managed
nonoperatively. Those with an incomplete
myelopathy, particularly if progressive,
are often managed surgically.

Spinal Subarachnoid Hemorrhage

Spontaneous spinal subarachnoid hemor-
rhage, as distinguished from hemorrhage
related to major trauma, is a rare disor-
der; it accounts for less than 1% of all cases
of subarachnoid hemorrhage.67,68 While
aneurysm is a frequent cause of intracra-

nial subarachnoid hemorrhage, sponta-
neous spinal subarachnoid hemorrhage
is commonly associated with arteriove-
nous malformations, coagulopathy, neo-
plastic and infectious meningitis, extreme
physical exertion, collagen vascular dis-
ease, and lumbar puncture.67,69-71

Among these diverse etiologies, the
most common cause appears to be an arte-
riovenous malformation (AVM) of the
spinal cord.69,71 Nearly 10% of patients
with spinal AVMs present with a spinal
subarachnoid hemorrhage; these AVMs
may be associated with spinal artery
aneurysms.71 Spinal tumor appears to be a
less common cause.

A 1984 review70 found that only 55 cases
of spinal subarachnoid hemorrhage were
attributable to spinal neoplasm; 89% of
these were in the region of the conus
medullaris and cauda equina. Although
several different histological types have
been reported, ependymomas are the
most frequent tumor responsible.70,71

The clinical presentation of spinal sub-
arachnoid hemorrhage is usually that of
sudden severe back or neck pain.70,72 Mi-
chon73 termed the presenting complaint le
coup de poignard (the strike of the dagger).
The pain may be localized to the spine, or
may radiate into the legs or trunk and
thereby suggest a visceral catastrophe.71

There may be a history of prior, repeated,
less severe pain suggesting earlier hem-
orrhage. When the nerve roots or spinal
cord is involved, there is associated
radiculopathy or myelopathy. Ausculta-
tion of the spine may reveal a bruit in pa-
tients with an AVM.74 Intracranial symp-
toms and signs may develop as the blood
circulates over the cerebral hemispheres.75

The CSF typically demonstrates evi-
dence of hemorrhage. The bleeding may
be diluted by CSF, but occasionally a
hematoma may form due to massive hem-
orrhage resulting in mass effect that may
be observed on imaging studies. Sub-
arachnoid hemorrhage may be associated
with a subdural hematoma.71 When a
spinal AVM is the cause, it may be seen in
imaging studies.

The treatment of spinal subarachnoid
hemorrhage depends upon the cause. Pa-
tients with a bleeding diathesis are treated
with appropriate measures. Those with a
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spinal AVM are evaluated for definitive
treatment of this lesion.67,76 If a subarach-
noid hematoma is found to cause spinal
cord compression, evacuation of the clot
may be necessary.67

Spinal Epidural Hemorrhage

Since first described in 1869 by Jackson,
there have been approximately 250 cases
of nontraumatic spinal epidural hematoma
reported up to 1987.64 Most traumatic
cases share predisposing factors similar to
those with spinal subdural hemorrhage.
For example, many patients were receiv-
ing anticoagulant therapy77 or had a
bleeding diathesis due to thrombocytope-
nia or liver disease. Many cases occur in
such patients following lumbar puncture
or epidural anesthesia.78 The Food and
Drug Administration has published an ad-
visory alerting physicians that several pa-
tients have developed epidural or spinal
hematomas with the concurrent use of
low molecular weight heparin and spinal/
epidural anesthesia or spinal puncture.79

Patients with ankylosing spondylitis are
reported to be at increased risk,80 and vas-
cular malformations also may be responsi-
ble. Occasionally, no explanation can be
found other than exertion or Valsalva
maneuver.

Spinal epidural hemorrhage has a clini-
cal presentation similar to the less com-
mon spinal subdural hemorrhage.67 Al-
though an epidural hematoma rarely may
develop without pain,81 patients nearly al-
ways complain of axial pain, which may
radiate in a radicular distribution.64 The
motor, sensory, and sphincter functions
are disrupted dependant upon the level of
the spinal axis involved. Symptoms and
signs of spinal cord and/or cauda equina
dysfunction generally follow within min-
utes, hours, or (less commonly) days.64

The thoracic and thoracolumbar areas are
the most commonly involved regions; the
hematoma may extend over several seg-
ments and is usually in the posterior
epidural space.64,82

The CSF may be clear, have an elevated
protein, or be bloody. The most useful lab-
oratory studies are imaging techniques. In

the past, myelography64 and CT have
been widely used,83-85 but MRI has now
become the imaging test of choice (Fig.
10-8).86

Spinal Subdural Hemorrhage

Spinal subdural hematoma unrelated to
major trauma is a rarely described clinical
entity, with only about 60 reported cases
noted in a 1987 review.64 It usually occurs
in conjunction with vascular malforma-
tion, coagulopathies such as hemophilia or

Figure 10-8. An MRI of the lumbar spine demon-
strating a spontaneous epidural hematoma in a pa-
tient on coumadin for prosthetic heart valve. The
hematoma is present both posterior (arrow) and an-
terior to the thecal sac. (Courtesy of Dr. Richard
Becker.)
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thrombocytopenia, the administration of
anticoagulant therapy, following lumbar
puncture, or following spinal surgery.77,87,88

Lumbar puncture in the setting of a co-
agulation disturbance is an important etiol-
ogy 64,87,89

Because the subdural space harbors few
blood vessels, the source of bleeding in
spinal subdural hematomas has been a
source of conjecture and debate.89 The
greater frequency of spinal epidural hem-
orrhage than subdural hemorrhage may
reflect the greater density of blood vessels
in the epidural space.87 Spinal subdural
hematomas occur most commonly in the
thoracic and thoracolumbar regions.90

The clinical presentation of spinal sub-
dural hematoma is usually acute in onset
and evolution. Patients usually present
with severe back or neck pain with or
without a radicular component. Paraple-
gia, sensory loss, and bowel/bladder dys-
function may rapidly ensue over several
minutes, hours, or (less commonly) days.64

Although less frequent, chronic subdural
hematomas have been described.67,89

These patients may show fluctuating neu-
rologic signs.89

The cerebrospinal fluid may show blood
if there is an associated subarachnoid
hemorrhage. A complete block due to a
hematoma may result in a dry tap. Myel-
ography may demonstrate a filling defect
from a hematoma in the subdural space. A
CT may show a clot if the level of the
hematoma is imaged. An MRI avoids the
risks of lumbar or cisternal puncture (Fig.
10-9). Hence, it is usually the imaging
modality of choice.

Differential Diagnosis of
Spinal Hematoma

At the time that patients have only local
and/or radicular pain, the differential di-
agnosis of spinal hematoma is exceedingly
broad, including diseases of the spine as
well as visceral diseases such as myocardial
infarction and dissecting aortic aneurysm.
When neurologic symptoms and signs of
spinal cord or cauda equina dysfunction
develop, the differential diagnosis in-

cludes those diseases that may cause
rapidly evolving paraparesis or tetrapare-
sis, such as herniated discs, neoplasm (ex-
tradural, intradural-extramedullary, and
intramedullary), abscess, as well as seque-
lae of trauma. Intramedullary diseases
such as acute and subacute transverse
myelitis, demyelinating disease, spinal
cord infarction, and infectious diseases
also need to be considered.64

Therapy

Spinal cord compression secondary to non-
traumatic spinal subdural and epidural
hematoma is a neurologic and neurosurgi-
cal emergency. Patients with impaired he-
mostasis due to thrombocytopenia should
receive platelet transfusions. In patients
receiving anticoagulation, fresh frozen
plasma, and, when indicated, phytona-
dione should be administered urgently to
correct the bleeding diathesis.64 Prompt
surgical decompression of the compressed
spinal cord and/or cauda equina is recom-
mended, because the prognosis for neuro-
logic recovery depends upon the preoper-
ative neurologic status and the duration of
neurologic dysfunction.64,67 In patients
with noncorrectable bleeding disorders,
however, the risks of surgical intervention
may outweigh the benefits.87

The prognosis for neurologic recovery
depends on several factors. Many patients
with incomplete motor and sensory paral-
ysis preoperatively can be expected to en-
joy a good recovery, whereas those with
complete sensorimotor paralysis have an
exceedingly small chance of successful re-
covery.64 Other prognostic factors include
the time course of sensorimotor paraly-
sis and the rostrocaudal location of the
hematoma. Those with hematomas at
the cervical and thoracic levels fare
more poorly than those with lumbar
hematomas.64

SUMMARY

Syringomyelia is a chronic progressive dis-
order of the spinal cord characterized
pathologically by cavitation of the central
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Figure 10-9. An MRI of the thoracic spine demonstrating spinal subdural hemorrhage. A 76-year-old man on
coumadin for atrial fibrillation (INR of 2.1) and who had a history of prostate cancer presented with acute onset
of back pain and rapidly progressive paraplegia over 24 hours. Clinically it was thought that he had metastatic
spinal cord compression, but the MRI demonstrated a hematoma. (A) Extensive clot along the posterior aspect
of the thoracic cord (arrows). The axial scan demonstrates a clot (arrow) posterior to the cord (curved arrow).
The patient was given fresh frozen plasma and vitamin K, and underwent drainage of the subdural clot. He re-
gained bowel and bladder function and could walk with assistance postoperatively. No tumor was found at the
time of surgery.

portion of the cord and clinically by
brachial amyotrophy and dissociated sen-
sory loss. Although any level of the cord
may be involved, most commonly the cer-
vical region is affected and, secondarily,
the adjacent medulla oblongata or tho-
racic cord may be affected.

Syringomyelia may be classified into com-
municating or noncommunicating types.
The communicating forms are often associ-
ated with obstructions of the foramen mag-
num such as hindbrain developmental ab-
normalities (e.g., Chiari malformation).

Noncommunicating forms are usually asso-
ciated with intramedullary diseases of the
cord such as spinal cord tumors, traumatic
myelopathy, and arachnoiditis. The patho-
genesis of Syringomyelia is controversial
and a number of putative mechanisms are
discussed. Magnetic resonance imaging is
the diagnostic imaging test of choice and
can be used to follow the size of the cystic
cavitation. Since Syringomyelia is multifac-
torial in origin the potential therapies are
multiple and, as might be expected, contro-
versial. The principles surrounding both

A B
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nonsurgical and surgical treatments are
presented.

Spinal arachnoid cysts may be in either
an intradural or epidural location. They
may be incidental findings on MRI. Alter-
natively, they may cause neural compres-
sion and require surgical decompression.
Their clinical presentation and manage-
ment are discussed.

Spinal hemorrhage may be intramedul-
lary, subarachnoid, subdural, and epidural.
Clinical presentation is usually the acute
onset of pain and myelopathy. The etiolo-
gies include coagulopathy, trauma, vas-
cular malformations, lumbar puncture,
spinal anesthesia, and surgery. Diagnostic
imaging studies, using MRI and CT, have
been reviewed, as have as the principles of
management.
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Most spinal cord injuries (SCI) are
caused by closed trauma (nonpenetrating
injuries, usually via spinal column failure);
some arise from missile, or less commonly,
impalement (penetrating injuries). The
presence and extent of spinal cord injuries
depend on how much kinetic energy is im-
parted to the spine, the extent of spinal
column failure, the extent of neural com-
pression, the presence of persistent neural
compression or neural element transec-
tion, and the resilience of the spinal cord

and nerve roots in the face of injury. Each
of these factors must be considered sepa-
rately. Many have a variable effect that is
dependent upon the region of the spine
injured. Therefore, region-specific ana-
tomical and biomechanical factors must be
understood and repetitively assessed.1,2

UPPER CERVICAL SPINE
INJURY MECHANISMS AND
PATTERNS

The upper cervical spine is prone to in-
jury due to (1) its unique anatomical
arrangement, (2) the substantial spinal
movements allowed in this region, and
(3) exposure to significant pathological
stresses.1 Most upper cervical spine in-
juries result from blows to the head.1,3-9

However, a deceleration of the torso com-
bined with a restriction of movement of
the cervical spine creates a flexion-distrac-
tion force complex that can result in an
applied bending moment (see below).1

Factors Affecting Pattern of Injury

Orientation of an applied force vector pre-
dominantly dictates a given pattern or
type of injury. The relative intrinsic
strengths of Cl and C2, as well as the sur-
rounding spinal elements (including the
adjacent vertebrae, calvarium, and sup-
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porting ligaments), also affect the pattern
of injury by "setting the stage" for dissipat-
ing the energy of the applied force vec-
tor.10 The kinetic energy of the applied
force predominantly dictates the magni-
tude of the injury.l

Injury Mechanisms and
Patterns of Injury

Figure 11-1 shows force vectors that cause
a variety of upper cervical fractures and
dislocations. Several of the injury types

that result from these force vectors have
been underemphasized previously.1 These
injury types are discussed in the order of
force vector application, starting with the
judicial hangman's fracture and proceed-
ing in a clockwise manner; then lateral
(coronal plane) and finally rotatory in-
juries are discussed (Fig. 11-1).

JUDICIAL HANGMAN'S FRACTURE

Judicial hanging causes a combination of
distraction (the abrupt and violent appli-
cation of tension via the noose and rope)

Figure 11-1. Schematic diagrams of the most probable mechanisms involved in upper cervical spine injuries;
sagittal plane (left) and coronal plane (right). The moment arm (m) applied by the force vector (arrows) is de-
picted for each mechanism of injury (A-J). (A) Judicial hangman's fracture; (B) traumatic spondylolisthesis of
the axis (hangman's fracture); (C) coronally oriented vertical fracture of the posterior C-2 vertebral body (Type
1 C-2 body fracture) with C2-3 hyperextension-subluxation; (D) coronally oriented vertical fracture of the dor-
sal C-2 vertebral body (Type 1 C-2 body fracture) with C2-3 hyperextension-subluxation and an anterior
teardrop; (E) sagittally oriented vertical C-2 pedicle burst fracture (Type 2 C-2 body fracture), its lateral variant,
or a C-l burst fracture (Jefferson fracture); (F) coronally oriented vertical fracture of the posterior C-2 verte-
bral body (Type 1 C-2 body fracture) with C2-3 flexion-subluxation; (G) Type 3 C-2 body fracture (formerly the
Type III odontoid process fracture of Anderson and D'Alonzo1) or rupture of transverse ligament of the atlas;
(H) coronally oriented vertical fracture of the posterior C-2 vertebral body (Type 1 C-2 body fracture) with
C2-3 flexion-distraction; (I) dens fracture (formerly Anderson and D'Alonzo Type II odontoid process frac-
ture); and (J) atlanto-occipital dislocation. Taken from references 1,10.
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and capital hyperextension if the noose is
placed in the submental position (injury
mechanism A; Fig. 11-1). This results in
a fracture through the pars interarticu-
laris with or without ventral subluxation
of the C2 on the C3 vertebral body. Falls
with a rostrally oriented force vector ap-
plied to the submental position can cause
a similar injury, although this is not com-
mon.1,11,12

DORSAL DISLOCATION OF C1 ON C2

Dorsal C1-2 dislocations are rare.13 They
are purported to be caused by injury
mechanism A (Fig. 11-1). The ventral
arch of C1 rides dorsally over the dens,
becoming "locked" behind it.1

TRAUMATIC SPONDYLOLISTHESIS
OF THE AXIS (HANGMAN'S
FRACTURE)

Capital hyperextension of the head, with-
out an associated distraction component,
causes the commonly observed hangman's
fracture (traumatic spondylolisthesis of
the axis)(injury mechanism B; Fig. I).1,5,6

The mechanism of injury is similar to the
judicial hangman fracture, except it is
without a distraction component vector
(no abrupt or violent application of ten-
sion via the noose). Spinal cord compres-
sion is uncommon because the spinal canal
is widened via the separation of the dorsal
from the ventral elements (via a fracture
of the pars interarticularis), rather than
narrowed.

VERTICAL CORONALLY ORIENTED
DORSAL C2 BODY FRACTURE, WITH
C2-3 EXTENSION-SUBLUXATION

With slightly less capital extension than
the hangman's fracture, and a small axial
load component (injury mechanism C;
Fig. 11-1), this injury may result in the
bony fault passing through the dorsal C2
vertebral body instead of the pars interar-
ticularis of C2, as occurs with a hangman's
fracture.1,4,5,10 The fracture line passes
slightly ventral to the pars interarticularis

in comparison to the hangman's fracture.
This fracture is also termed a type I
C2 body fracture with C2-3 extension-
subluxation.

VERTICAL CORONALLY ORIENTED
DORSAL C2 BODY FRACTURE WITH
C2-3 EXTENSION-SUBLUXATION
AND A VENTRAL TEARDROP

A force vector applied to the high fore-
head region may result in the application
of an axial load and capital hyperexten-
sion forces to the upper cervical spine (in-
jury mechanism D; Fig. 11-1).1 This is
similar to the immediately aforementioned
injury, with the addition of a "teardrop"
component (avulsed chip of vertebral
body that is akin to a teardrop). The axial
load component is of relatively greater
magnitude in this case. This fracture is
also termed a type I C2 body fracture with
C2-3 extension-subluxation and a ventral
teardrop.10

C1 BURST FRACTURE

Axial loads applied to the vertex of the cal-
varium (injury mechanism E; Fig. 11-1)
can cause several types of injuries. The
most common of these is the C1 burst frac-
ture (Jefferson fracture). Bursting of the
C1 ring occurs because of the radially ori-
ented resultant forces applied by the
condyles of the occiput and the facet joints
of C2. The oblique orientation of the
condyles causes a laterally directed resul-
tant force, resulting in several fractures
(two or more; usually four) about the ring
of C1.1 This type of fracture is uncom-
monly associated with spinal cord injury.
Since the spinal canal is widened, rather
the compressed. As with most of the afore-
mentioned fractures, it usually heals well
with bracing alone, without the need for
surgery.

OCCIPITAL CONDYLE FRACTURE

Although several occipital condyle frac-
ture types exist,14,15 type I and II fractures
usually result from an axially applied load
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(injury mechanism E; Fig. 11-1). Type I
fracture is a medial disruption of the
condyle (impacted occipital condyle) as
a result of a medially applied resultant
force caused by the oblique orientation of
the occipital condyle-C1 facet complex.
Type II fracture (an extension of a basilar
skull fracture) most likely also occurs as a
result of an axially applied load (Fig.
11-1).1,14,15 These fractures are often ob-
scure. They usually heal without the need
for surgery.

VERTICAL SAGITTALLY ORIENTED
C2 BURST/PEDICLE FRACTURE

Axial loads applied to the skull vertex (in-
jury mechanism E; Figure 1) may cause a
C2 body (type II) fracture, though this is
rare. If other spinal elements do not fail
first (resulting in an occipital condyle frac-
ture, a Jefferson fracture or a subaxial cer-
vical spine burst fracture), the load ap-
plied to the articular pillars of C2 may
result in a comminuted sagittal fracture of
the C2 body.1,10 A lateral component of the
axial load may shift the location of the
fracture further (Fig. 11-1), causing a
more laterally situated sagittal C2 frac-
ture.1,7,10 This fracture may pass through
the foramina transversarium and along
the pars interarticularis of C2.1 It is often
associated with severe head injury. Fortu-
nately, it is relatively uncommon.

C1 ARCH FRACTURE

Axial loads, with or without a hyperexten-
sion component (injury mechanism type
C, D, or E; Fig. 11-1), may result in a frac-
ture through the weakest point of the ring
of C1 (dorsal arch in region of the groove
for the vertebral artery), causing a C1 arch
fracture.1 This is a stable fracture that
must not be confused with a Jefferson's
fracture. The former is benign, where the
latter may be unstable. With the former,
the ring of C1 is disrupted in two dorsal
locations. With the Jefferson fracture, the
ring of Cl is usually disrupted in four lo-
cations, although fracture in only two lo-
cations may be observed if one is ventral
and the other is dorsal.

VERTICAL CORONALLY ORIENTED
DORSAL C2 BODY TEARDROP
FRACTURE WITH C2-3
FLEXION-SUBLUXATION

The application of a dorsally applied force
vector with an axial load component (in-
jury mechanism F; Fig. 11-1) may result in
the opening of the dorsal aspect of the
C2-3 disc interspace (capital neck flexion),
thus causing an accompanying avulsion
teardrop fracture of the dorsal aspect of
the caudal C2 vertebral body. Since the
C2-3 disc interspace is slanted in a down-
ward direction, the orientation of this disc
interspace is nearly in line with the ap-
plied force vector. This then results in a
subluxation between C2 and C3.1 This in-
jury is uncommon. However, it is fre-
quently "missed" due to inadequate imag-
ing or misdiagnosis and confusion with
similar injuries. Fortunately, the injury is
relatively benign in nature. This fracture
is also termed a type I C2 body fracture
with flexion-subluxation.

HORIZONTAL ROSTRAL C2 BODY
FRACTURE

A dorsal blow to the head (injury mecha-
nism G; Fig. 11-1) may result in true neck
flexion. By virtue of previously reported
data,8 if the C2 region "fails," a horizontal
fracture through the rostral portion of the
body of C2 occurs. This fracture was de-
fined by Anderson and D'Alonzo.16 This
injury is through the region of the C2
body, not the odontoid process.1,10,15 It
therefore should not be considered an
"odontoid process fracture," as others
have argued.16 It is also termed a type III
C2 body fracture. It is usually treated effi-
ciently with bracing alone.

TRANSVERSE LIGAMENT OF THE
ATLAS RUPTURE

If the odontoid process does not yield to a
failure-producing force applied by injury
mechanism G (Fig. 11-1), the transverse
ligament of the atlas may rupture.1,8,17

This injury may be difficult to diagnose,
and instability could result in dorsal "mi-
gration" of the dens into the spinal canal,
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with catastrophic results. A high index of
suspicion for the diagnosis of this injury is
thus warranted.

VERTICAL CORONALLY ORIENTED
DORSAL C2 BODY FRACTURE
WITH FLEXION-DISTRACTION

If a capital (upper cervical) flexion injury
is combined with a distraction component,
usually caused by a deceleration over the
fulcrum (e.g., shoulder harness), a flex-
ion-distraction force complex is applied
(injury mechanism H, Fig. 11-1).1 This is
an uncommon mechanism of injury (flex-
ion-distraction), since most cervical spine
injuries result from a blow to the head. It
is also termed a type I C2 body fracture
with flexion-distraction.

DENS FRACTURE

The type II odontoid process fracture of
Anderson and D'Alonzo16 is perhaps more
appropriately termed a dens fracture.15 It
most probably results from a lateral blow
to the head (injury mechanism I; Fig.
11-1),8 perhaps combined with verti-
cal compression.1,10,18 This fracture heals
poorly. In patients with advanced age, sig-
nificant displacement, or multiple com-
minuted fracture fragments, surgery may
be indicated.

OCCIPITAL CONDYLE
FRACTURE (TYPE III)

A lateral blow to the head (injury mecha-
nism I, Fig. 11-1) may result in a medial
avulsion of the occipital condyle, a type III
occipital condyle fracture.1,14,15 This is of-
ten a severe injury with lower cranial nerve
involvement and associated head injury.

ATLANTO-OCCIPITAL
DISLOCATION

A lateral (with or without a hyperextension
component) deceleration injury causes a
lateral bending-rotation-distraction injury
force application (injury mechanism J, Fig.
11-1), resulting in atlanto-occipital disloca-
tion. Others have postulated hyperexten-
sion-distraction mechanisms.1,3,19 Cranio-

cervical integrity disruption is catastrophic.
It is commonly caused by motor vehicle ac-
cidents, death frequently occurs at the
scene. Survival is uncommon.

DENS AVULSION FRACTURES

A distraction of the spine, not unlike that
which might be incurred in a judicial
hanging (injury mechanism A, Fig. 11-1)
or as a result of a lateral force vector com-
ponent (injury mechanism J, Fig. 11-1),
may result in an avulsion of the tip of the
dens.1 This is uncommon. Stability may be
compromised by this injury.

ROTATORY SUBLUXATION
INJURIES

If a torque (bending moment) is created
about the long axis of the spine (about the
dens), a rotational injury may occur,20 re-
sulting in rotatory subluxation of C1 on
C2.1 This is an uncommon injury some-
times associated with pharyngeal infec-
tions in children (Grissel's syndrome).

Clinical Strategies

Most upper cervical spinal injuries are not
associated with neurological injury. This,
combined with the fact that bony healing
often ensues if unimpeded, allows nonsur-
gical management (bracing) in most cases.
Notable exceptions are transverse liga-
ment ruptures and dens (type II odon-
toid) fractures.

SUBAXIAL CERVICAL,
THORACIC, AND LUMBAR
INJURY MECHANISMS AND
PATTERNS

Factors Affecting Pattern of Injury

Denis described fracture types and accom-
panying modes of failure for the subaxial
spine (Table 11-1 ).21 This scheme is widely
utilized.

The manner in which a load is applied
affects the bending moment applied (the
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Table 11-1. Fracture Types by Mode of Failure

COLUMN

TYPE OF FRACTURE

Compression

Burst
"Seatbelt" (flexion-

distraction)
Fracture-dislocation

ANTERIOR

Compression

Compression
None or

compression
Compression

rotation shear

MIDDLE

None

Compression
Distraction

Distraction
rotation shear

POSTERIOR

None or severe
distraction

None
Distraction

Distraction
rotation shear

product of the applied force and the mo-
ment arm [level arm] through which it acts)
(Fig. 11-2). This, in turn, alters the stresses
placed on a spinal segment. Bending mo-
ments cause a concentration of stresses to
be applied to the spine, thus increasing the
chance that spinal column failure will occur.

Injury Mechanisms and Patterns
of Injury

VENTRAL WEDGE COMPRESSION
FRACTURES

Ventral wedge compression fractures are
the product of an axial load, and a ven-

trally oriented bending moment (to fail-
ure), where the axial load is eccentrically
placed (Fig. 11-3).1,2 This results in a flex-
ion deformity of the fractured bone.

BURST FRACTURES

If a pure axial load (to failure) is applied
to a vertebral body, a wedge fracture is un-
likely. A symmetrical compression of the
vertebral body results. This is termed a
burst fracture.1,22-30 This "pancaking" of
the vertebral body often causes retropul-
sion of bony fragments into the spinal ca-
nal and dural sac compression (Fig.

Figure 11-2. (A) If an axial load is sufficient to result in vertebral body failure, the failure is of a burst-fracture
nature. (B) If, however, a load is applied in a plane ventral to the instantaneous axis of rotation (IAR), a pair of
asymmetrical bending moment forces will be applied to the IAR, resulting in a wedge compression fracture.1

A B

11–4).1,21,31
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FLEXION-DISTRACTION
(CHANCE) FRACTURES

If a lap belt is worn without a shoulder
harness by a person involved in a deceler-
ation motor vehicle accident, distraction
and flexion of the lumbar spine result
(Fig. H_5). 1.22,32-35

DORSAL ELEMENT FRACTURES

Dorsal element fractures are not uncom-
mon particularly when the spine assumes
a lordotic posture and the vertebral seg-
ments are small; e.g. the subaxial cervical
spine. In the cervical region, spinal exten-
sion thrusts the opposing facet surfaces to-
gether, thus subjecting them to significant
stress (Fig. 11-6).

Rotation may also cause dorsal element
injury by forcing opposing inferior and
superior articulating facets against each
other. These are not often isolated in-
juries, because the applied forces are of
such magnitude that vertebral body frac-

Figure 11-4. The mechanism of injury of a burst
fracture: true axial loading without a moment arm
and bending moment.

ture or disc interspace disruption simulta-
neously occurs.1,36

The lumbar spine, which also assumes a
lordotic posture, has a lesser incidence of
isolated dorsal element fractures because
of the more massive nature of the verte-
brae and the somewhat sagittal orientation
of the facet joints. These fractures are
nearly always associated with other in-
juries to the spinal column complex; i.e.
compression fractures, rotational injuries,
or translational injuries. A violent rota-
tional component of the injury may dis-
rupt the dorsal elements as well as the in-
tegrity of the ventral axial load-resisting
substructure (vertebral bodies) (Fig. 11-6).

Spinous process and laminar fractures
may result from extreme flexion or ex-
tension. Similarly, extreme lateral bend-
ing may result in transverse process frac-
ture(s) on the convex side of the bend.

Figure 11-3. A depiction of the injury force vector
causing a ventral wedge compression fracture. F =
applied force vector; D = length of moment arm
(from IAR to plane of F); M = bending moment.
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Figure 11—5. There are two fun-
damental types of Chance (flex-
ion-distraction) fracture. (A) Di-
astasis fracture through the
pedicles and vertebral body; (B)
fracture through the vertebral
end plate or disk; (C) the mecha-
nism of injury is depicted.

LIGAMENTOUS INJURIES

Isolated ligamentous injuries predomi-
nantly occur in the cervical region. This is
due in part to cervical flexibility, which al-
lows for a greater strain to be placed on
the ligaments. The more massive and less
flexible lumbar spine does not rely as
much on ligamentous support. In fact, the
dorsal ligaments, particularly the inter-
spinous and supraspinous ligaments in the

low lumbar region, are weak or essentially
nonexistent. Therefore, isolated ligamen-
tous injuries occur at a lesser frequency in
this region.1

FACET DISLOCATION

Facet dislocation frequently occurs in the
cervical and, to a lesser degree, in the tho-
racic region. It is rare in the lumbar re-

A B

c
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Figure 11-6. The mechanism of injury of dorsal element fractures. Cervical spine extension forcibly approxi-
mates the facet joints and/or the laminae, potentialy resulting in facet fracture (A); cervical rotation causes the
coronally oriented facet joints to slide past each other, producing isolated ligamentous disruption or dislocation
(B), in the lumbar region, the facet joints are able to slide past each other during extension, thus minimizing
the chance for facet fracture by this mechanism (C). Lumbar rotation, however, results in one facet's abutting
against another, resulting in facet fracture if the force is substantial (C, upper inset). Conversely, extension or
flexion causes the sagittally oriented facet joints to slide past each other (C, lower inset).

gion. This is due to the relative coronal
orientation of the facet joints in these re-
gions. Exaggerated flexion causes normal
facet joint mobility limits to be exceeded.
This, in turn, causes the joints themselves
to fracture, perch, or lock (Fig. 11-7).

PEDIATRIC SPINE INJURY

Pediatric spinal cord injury (SCI) com-
prises 5%-10% of all spinal injuries.37-39

Injury patterns, however, differ from

those of adults because the child's spine
differs geometrically and biomechanically.
Facet joints are more horizontal, ossifica-
tion centers are still present, vertebral
bodies are wedge shaped, and the un-
cinate processes are incompletely devel-
oped. Rotation and flexion are thus
poorly resisted. Superimposed upon this
is an increased laxity of supporting liga-
ments and joint capsules (Fig. 11-8).40

Pediatric spine injuries may be classified
as follows: (1) fracture alone, (2) fracture
with subluxation, (3) subluxation alone,
and (4} spinal cord injury without radio-

A

C

B



Figure 11-7. Cervical spine facet
dislocation: perched (A) and
locked (B).

Figure 11-8. Rotatory C1-C2 subluxation in a 5 year-old. This was caused, in part, by a pharyngeal infection
(Grissel's syndrome) that exaggerated the normal laxity present in the pediatric population. Note the rotation
of C1 (upper right) with respect to the body of C2 (remaining images).
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graphic abnormality (SCIWORA). With
SCIWORA, neurological deficit associated
with an anatomically intact spinal column
is present. The mobility of the imma-
ture spine is most certainly a causative
factor.

Pediatric fractures are the most common
injuries. Fractures with subluxation follow
closely. Both occur in older children,
whose anatomical and biomechanical
characteristics more closely approximate
those of adults. Younger children are
prone to subluxation alone or SCI-
WORA.37-40 Atlanto-occipital dislocation,
atlanto-axial rotatory luxation, hangman's
fracture, odontoid fracture, and SCI-
WORA are relatively common in the pedi-
atric population.

RECOVERY FROM CLOSED
SPINAL CORD INJURY

The extent of closed SCI varies consider-
ably. Recovery is related to the extent of
injury, as patients with incomplete injuries
recover to a much greater extent than
those with complete injuries. Therefore, it
is important to differentiate them clearly.
The patient with a complete myelopathy
retains no voluntary motor or sensory
function below the level of injury, while an
incomplete injury preserves some. There-
fore, spine surgeons are likely to take a
more aggressive surgical decompression
posture with incomplete than with com-
plete injuries (due to the increased chance
for recovery of neurological function in
the former). Surgery, however, may be re-
quired for instability reasons alone.

PENETRATING SPINE INJURIES

Penetrating spine injuries differ from
closed injuries in the nature of associated
complications, the prognosis for recovery,
the incidence of spinal instability, the po-
tential for CSF fistula formation, and the
incidence and type of infection.41 A variety
of penetrating SCI types exist, which may
be broken down into two basic groups:

missile and nonmissile. Missile injuries
may be broken down into high-velocity
(predominantly wartime) and low-velocity
(predominantly civilian) injuries. The non-
missile injuries are usually caused by acts
of violence from stab wounds.41

Missile Injuries

Spinal gunshot wounds are unfortunately
becoming increasingly common in civilian
life in the United States. Therefore, they
are an increasingly common cause of spinal
injuries.41

Military gunshot wound injuries are
usually caused by high-velocity projectiles;
civilian injuries are more often caused by
low-velocity projectiles. Tissue damage in-
flicted by a missile is determined in part by
its kinetic energy. Velocity is more signifi-
cant than the mass of the bullet (energy =
mass X velocity2) because velocity is expo-
nentially involved.42 Military injuries, due
to their high kinetic energy, are capable of
producing SCI by the concussive effect of
the bullet penetrating close to the spinal
cord, but not through the spinal canal.41

Civilian injuries, on the other hand, usu-
ally require direct spinal canal penetra-
tion.41 In fact, a large percentage of civil-
ian gunshot SCIs are complete injuries
(no motor or sensory function below the
level of injury).43-46 Their prognosis for
neurologic improvement is worse than
with any other SCI type.41

Stab Wounds

Spinal cord injuries from stab wounds
comprise less than 5% of SCIs worldwide.
In South Africa, however, stab wounds ac-
count for a quarter of all SCIs.47 Most stab
wounds are due to knives; however, a vari-
ety of agents, including axes, screwdrivers,
ice picks, scissors, and glass fragments,
have been reported.47,48 The thoracic re-
gion is the most common site of injury;
there is a lesser incidence in the cervical
and lumbar regions. Most have a dorsal or
lateral entry point.
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Figure 11-9. A knife is more likely to pass into the spinal canal in an off-midline manner as depicted. This is
due to the propensity created by bony confines.

In contrast to gunshot wounds, stab
wounds tend to produce incomplete SCIs
(two-thirds of the patients).47 Most patients
exhibit a variant of the Brown-Sequard
syndrome.48-51 It has been hypothesized
that the anatomy of the dorsal elements in
the thoracic region contributes to this
pattern of injury (Fig. 11-9).49 Over-
all, neurological improvement is com-
mon.47-51

Column Concepts

The aforementioned point systems are
usually based on a "column" concept of
spinal structural integrity such as those
described by (7) Louis, (2) Bailey et al.,
and (3) Denis (Fig. 11-10).21,63,75,76 The
use of "columns" in defining the extent of
instability is of some value since it assists
the physician in conceptualizing and cate-
gorizing case-specific phenomena.1

STABILITY DETERMINATION
AND MANAGEMENT

Objective Assessment

The determination of spinal stability is of-
ten difficult.52-74 Point systems have been
devised to assist with this process (Table
11-2).1 stretch test and flexion-extension
radiographs have been recommended.
Both, however, may be associated with a
high risk of false-negatives.1

Categorization of Instability

Instability is divided into two categories:
acute and chronic.1 Four subcategories of
instability exist: (1) overt instability, (2)
limited instability, (3} glacial instability, and
(4) instability associated with dysfunctional
segmental motion. The first two are acute
and the second two are chronic.1 Although
addressed in Chapter 1, a brief review of
spinal instability is appropriate here.
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Table 11-2. Quantitation of acute instability for subaxial
cervical, thoracic, and lumbar injuries* (point system )1

CONDITION POINTS ASSIGNED

Loss of integrity of anterior (and middle) column*
Loss of integrity of posterior column(s)
Acute resting translational deformity
Acute resting angulation deformity
Acute dynamic translation deformity exaggeration
Acute dynamic angulation deformity exaggeration
Neural element injury
Acute disc narrowing at level of suspected pathology
Dangerous loading anticipated

*Modified from White and Panjabi15 with care taken to avoid duplication or over-
lapping of point criteria.

A score of five points or more implies the presence of overt instability (see text).
A score of two to four points implies the presence of limited instability (see text).

By clinical examination, MRI, CT, or radiography. A single point may be allotted if
incomplete evidence exists; for example, only MRI evidence of dorsal ligamentous in-
jury (i.e., evidence of only interspinous ligament injury on T2-weighted images).
Columns are as defined by Denis.21

§From static resting anteroposterior and lateral spine radiographs. Must be the re-
sult of an acute clinical process. Tolerance for this criteria is variable with respect to
surgeon and clinical circumstances. Guidelines as per White and Panjabi.15

From dynamic (flexion and extension) spine radiographs. Recommended only af-
ter other mechanisms of instability assessment have been exhausted and then only by
an experienced clinician. Usually indicated only in cervical region. Must be the result
of an acute clinical process. Tolerance for this criterion is variable with respect to sur-
geon's opinion and clinical circumstances. Guidelines as per White and Panjabi.15

#Three points for cauda equina, two points for spinal cord, or one point for iso-
lated nerve root neurologic deficit. The presence of neural element injury indicates that a
significant spinal deformation occurred at the time of impact; implying that structural integrity
may well have been disturbed.

ACUTE INSTABILITY

Overt instability is the inability of the
spine to support the torso during normal
activity.1 The integrity of the spine is insuf-
ficient to prevent the development of
spinal deformity or the exaggeration of
such. A circumferential loss of spinal in-
tegrity is present (Fig. 11-11).1,2

Limited instability is defined as the loss
of ventral or dorsal spinal integrity with
the preservation of the other. This is suffi-
cient to support some normal activities
(Fig. 11-12).

CHRONIC INSTABILITY

Glacial instability is a type of instability
that is not overt and that does not demon-

strate a significant chance for the rapid
development or progression of kyphotic,
scoliotic, or translational deformities.
However, like a glacier, the deformity pro-
gresses gradually over time if substantial
external forces causing movement or pro-
gression of deformity are avoided.1,2

Other etiologies of glacial instability in-
clude spondylosis, tumor, congenital ab-
normalities, and infection.

Dysfunctional segmental motion is de-
fined as a type of instability that is related to
disc interspace or vertebral body degenerative
changes, tumor, or infection that results in the
potential for pain of spinal origin.1 It involves
neither overt disruption of spinal integrity
nor deformity progression. Most patients
with glacial instability can also be consid-
ered to have a dysfunctional motion seg-

2
2
2
2
2
2
3
1
1



Figure 11-10. "Column" concepts of spinal instability. The concept described by Louis (left) assigns significance
to the vertebral body and the facet joint complexes (lateral masses) on either side of the dorsal spine. This two-
column construct (left) relies on anatomically defined structures, the vertebral body (anterior column) and the
posterior elements (posterior column). Denis's three-column concept (right) assigns significance to the region
of the neutral axis and the integrity of the dorsal vertebral body wall (the middle column). (From White and
Panjabi,15).

Figure 11-11. Circumferential
instability. Note both ventral (ar-
row) and dorsal element (arrow
head) disruption in this T2-
weighted image.
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Figure 11-12. A T2-weighted MRI of an L4 "burst" fracture (arrow). Note only loss of ventral element integrity.

ment. However, all types of glacial insta-
bility have, as a component of their insta-
bility, deformity progression, with or with-
out excessive motion.

The disc interspace depicted in Figure
11-13 shows a dysfunctional motion seg-
ment.

SUMMARY

The spine is often subjected to excessive
loads. These can result in a loss of struc-

tural integrity and neural element injury.
Craniocervical and upper cervical spine
injuries can be categorized, in part, by the
force vectors causing the injury (loads).
Most are secondary to a blow to the head.

Subaxial spine injuries can also be cate-
gorized by considering the applied loads.
Injury mechanisms are, in general, more
complex than with craniocervical and up-
per cervical injuries.

Pediatric SCI and penetrating spine in-
juries present unique problems to the clin-
ician. An awareness of their unique nature
is imperative.



Figure 11-13. Dysfunctional segmental motion. An L4/5 degenerative spondylolisthesis is associated with dys-
functional segmental motion. Note the listhesis, as well as the degenerative changes at the disc interspace.
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The incidence of spinal cord injury
(SCI) ranges from 11.5 to 53.4 hospital-
ized patients, per million, per year. The
definition of SCI used, however, affects
these statistics.1 For example, an aggres-
sive definition of SCI, that included an
isolated nerve root deficit or a vertebral
body fracture without nerve element in-
jury, would result in a higher incidence of

SCI computed to a less aggressive defini-
tion.

Life expectation tables have been used
to determine the relationship between
survival, and age, extent, and level of in-
jury.2 It has been shown that an improved
outcome is achieved when specialized SCI
centers are utilized.3 Early aggressive care
of the SCI patient is imperative.

In the pages that follow, the treatment
strategies for spine injury and SCI are
reviewed. Medical, structural spine and
neural element issues are addressed.

PREVENTION

The first line of spinal cord injury (SCI)
management is prevention. In North
America, SCI prevention strategies have
been, perhaps, indirectly spearheaded by
the automotive industry and directly
spearheaded by the Think First Founda-
tion. Perhaps in no other field or aspect of
medicine is the phrase "an ounce of pre-
vention is worth a pound of cure" more ap-
plicable than it is with SCI. The emotional,
physical, and financial costs of SCI are pro-
found, yet its prevention is, more often
than not, simple. Automotive safety de-
vices, for example, most certainly can make
the difference regarding the outcome of an
accident. It is obvious, however, that de
novo accident prevention is the most ap-
propriate method of SCI prevention.
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The Think First Foundation, sponsored
predominantly by neurosurgeons, has
made tremendous strides in diminishing
the incidence of SCI via careless and/or
impulsive behavior through an aggressive
education and behavior modification pro-
gram. These issues have been studied and
addressed by the Think First Foundation.
Further work in this area is clearly indi-
cated.

NONOPERATIVE MANAGEMENT

Treatment Strategies

Surgical decompression, fusion, and ag-
gressive resuscitation of the SCI patient
typically improve survival and the quality
of the patient's outcome.4 These tech-
niques can include aggressive and im-
proved surgical procedures, volume status
management, thermoregulatory manage-
ment, cardiovascular management, and
pharmacological management.5 The im-
portance of the secondary injury phenom-
enon and the neural regeneration pro-
cess has been addressed, at least in part,
by both laboratory and clinical investiga-
tions.4,6-8 However, nonneurological med-
ical treatment strategies are also of ex-
treme importance. Therefore, they are
addressed first.

TURNING TECHNIQUE

Turning techniques for the minimization
of pressure-related skin injury were intro-
duced during World War II. An under-
standing and awareness of the points of
potential excessive pressure and the meth-
ods designed to avoid skin breakdown
over these points is critical. Turning beds
and frames, and specialty care beds, have
been reported to be useful for integument
care, pulmonary care, etc.9-13 However,
controlled prospectively acquired data re-
garding the superiority of these expensive
modes of therapy compared to good nurs-
ing and respiratory care do not exist.
Early mobilization of the patient, there-
fore, most likely provides the greatest ad-
vantage.8

DEEP VEIN THROMBOPHLEBITIS
PROPHYLAXIS

Deep vein thrombophlebitis prophylaxis
minimizes but does not eliminate the poten-
tially catastrophic complications of immo-
bilization (i.e., pulmonary embolism). 14-16

Minimal risks usually outweigh advantages,
and both low-dose subcutaneous hepa-
rin and mechanical intermittent extremity
compression techniques appear to offer
some protection. Therefore, one or both
should usually be employed.17

BLOOD PRESSURE AND
ORTHOSTASIS

Blood pressure and vascular volume sta-
tus management are complex in the SCI
patient. This is particularly so in patients
without central control of their sympa-
thetic nervous system.18-20

Quadriplegic and high paraplegic pa-
tients commonly experience orthostasis
(excessive position-dependent blood pres-
sure changes). The lack of a functional
sympathetic nervous system results in
blood pooling in the peripheral venous
system and the absence of autoregulatory
control of vascular volume. Abdominal
binders, gradual adaptation to erect posi-
tioning, and pressors are useful therapeu-
tic adjuncts for the patients.21

SPINAL SHOCK

The physiology of spinal shock (a manifes-
tation of acute SCI that is characterized by
hypotension, bradycardia, areflexia, and
flaccid bladder) is poorly defined.22-24

Its manifestations, however, are consistent
with the presence of an "apparent" lower
motor neuron injury (areflexia, hypoten-
sion, flaccid bladder, etc.) in the presence of
an upper motor neuron injury. As the phase
of spinal shock passes, the gradual onset of
the manifestations of an upper motor neu-
ron injury (hyperreflexia, upper motor
neuron neurogenic bladder, etc.) emerge.17

PULMONARY COMPLICATIONS

Both the acute and long-term manage-
ment of SCI require prophylaxis for pul-
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monary complications. Many techniques
are used for this purpose,9,25-27 and an
aggressive approach to pulmonary care
is the most important factor. Suctioning,
postural drainage, incentive spirometry,
and ventilator management all may be ap-
propriate.

NUTRITION

Nutritional deficits become manifest soon
after SCI. Their aggressive management is
essential in this nutritionally compro-
mised patient population.28,29 It is impos-
sible to achieve a positive nitrogen balance
in patients the first few weeks following
SCI. Aggressive attempts at such will re-
sult in overfeeding.30,31 One must, there-
fore, apply known nutritional guidelines
to this patient population.30,31

COST CONSIDERATIONS

The cost to rehabilitate SCI patients is
high. Paraplegic rehabilitation costs have
approached $100,000 per patient, whereas
those for quadriplegic rehabilitation have
far exceeded this. The cost of total and
complete rehabilitation of the ventilator-
dependent quadriplegic has exceeded
$200,000.32 These costs have risen dramat-
ically. Only recently have they plateaued.17

SURGERY FOR SPINE TRAUMA

Surgery for spine trauma has one or both
of two indications: (1) decompression of
neural elements and (2) the acquisition
and maintenance of a structurally stable
spine. The ultimate goal is to achieve and
maintain a nonpathological relationship
between the neural elements and their
bony and soft-tissue confines. Decompres-
sion of the spinal cord, cauda equina, and
nerve roots is performed at the surgeon's
(and patient's) discretion. Both usually go
hand in hand.

The surgeon must make several ma-
jor decisions regarding surgical options.
These depend on the age of the patient,
medical candidacy for surgery, surgeon
philosophy, available facilities and equip-

ment, the region of the spine injured, and
the extent of the injury. Nevertheless, the
decision-making process centers around
several important factors: (1) the decision
to perform or to not perform surgery (in-
dication for surgery), (2) the timing of sur-
gery, and (3} the surgical approach and
technique (surgical strategy).

Indications for Surgery

Excessive deformity and/or instability is an
indication in and of itself for spine sur-
gery. There is obviously a large "gray
zone," however, regarding this decision-
making component in the overall pro-
cess.

Surgical decompression of compressed
neural elements has been controversial,
although the controversy has waned in re-
cent years. Neural element decompression
is indicated when the recovery of neuro-
logical function could be enhanced or
neurologic function deterioration could
be prevented. Patients who harbor an in-
complete neurologic deficit and persistent
neural compression are usually consid-
ered to be candidates for surgery. Simi-
larly, those without neurologic deficit and
in whom neurologic function is seriously
threatened are also potential operative
candidates. This latter group includes pa-
tients with significant neural compression
and no neurological deficit or those with-
out neurological deficit but with an unsta-
ble spine. The surgical decision-making
process regarding patients with a com-
plete myelopathy (no long tract function,
sensory or motor, below the segmental
level of injury) is controversial.34,35 Some
authorities feel that these patients have no
meaningful chance for significant recov-
ery; others disagree. Obviously, a clear de-
lineation of the presence or absence of
preserved long tract function is critical. A
meticulous neurological examination and
a cooperative patient are mandatory be-
fore an accurate determination can be
made in this regard.

Finally, even in patients harboring com-
plete myelopathies, decompression may
be warranted. This is particularly relevant
with regard to cervical SCI.34
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Timing of Surgery

The timing of surgery for trauma has been
debated. The controversies focus on two
separate issues: (1) optimal timing from a
medical and, thus, nonneurologic per-
spective, and (2) optimal timing from the
perspective of recovery of neurological
function.

"Medical stability" is usually subopti-
mal following trauma. Pulmonary, neuro-
logic, extremity, and visceral injury can
adversely compromise the outcome of a
planned operative procedure. Further-
more, an optimal surgical environment
may not always be available to the sur-
geon.

Some surgeons feel that early or emer-
gent surgical intervention increases the
chances for neurological recovery. Clini-
cal information regarding the benefits of
early or emergent surgery, however, is not
compelling. Therefore, the topic remains
controversial.34,35 The potential medical
and neurological benefits of early or emer-
gent surgery must be weighed against the
potential risks associated with such inter-
vention.

Surgical Strategies

Once the decision to operate has been
made, the spine surgeon must prioritize
many components of the decision-making
process. The region of injury significantly
affects the decision-making process. Other
relevant factors include the presence or
absence of neural element injury, the abil-
ity to adequately decompress from a ven-
tral versus dorsal approach, and the need
for deformity correction or spinal stabi-
lization.

The surgeon usually decides first the
approach and technique to take for neural
element decompression. Neural element
decompression most often further destabi-
lizes the spine, complicating the stabiliza-
tion component of an operation, if indi-
cated.

Ventral compressive "lesions" usually
are decompressed via a ventral surgical
approach and dorsal "lesions" via a dorsal

approach. Ventral fusion and stabilization
techniques are often performed following
a ventral decompression procedure. Long
dorsal stabilization techniques (seven on
more spinal segments) may be indicated
when extensive circumferential instability
exists, particularly in the thoracic and
lumbar spine. Obviously, many variations
and combinations are possible and appro-
priate.

Cervical traction is used to maintain
stability acutely, reduce dislocations, and
decompress neural elements. There are
attendant risks (including neurologic de-
terioration, the complication of obligatory
bedrest [pneumonia venous thrombosis,
decubiti, etc.], and delayed decompres-
sion) associated with spinal traction. They
must be carefully weighed against their
benefits.

The specific surgical strategy chosen for
any given clinical situation is surgeon de-
pendent. Although this chapter focuses on
trauma, the surgical strategies are dis-
cussed in general. They are often applica-
ble not only to trauma but also to degener-
ative disease and tumor surgery.

NEURAL ELEMENT
DECOMPRESSION

The goal of neural element decompres-
sion is to provide an optimal environment
for neurologic recovery.

DORSAL APPROACHES

Laminectomy and its variants are com-
monly used to decompress neural ele-
ments (Fig 12-1), providing dorsal decom-
pression for trauma, tumor, degenerative
and other pathologies. A laminotomy
(small opening in the lamina) approach is
often used for disc disease. Dorsolateral
and lateral approaches are frequently
used. "Pure" dorsal approaches are not
optimal, usually due to a suboptimal tra-
jectory.

VENTRAL APPROACHES

Ventral approaches to the spine are usu-
ally more surgically challenging, predomi-
nantly related to the anatomical structures
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Figure 12-1. A dorsal approach
to the subaxial spine, seen in an
axial view.

traversed during the surgical exposure.
This increases both the degree of difficulty
and the risks associated with the ventral
approach.

For ventral cervical spine exposures, the
esophagus and trachea are retracted me-
dially and the carotid artery, jugular vein,
and vagus nerve are retracted laterally.
This provides access to the ventral cervi-
cal spine for discectomy or vertebrectomy
(single or multiple level) for trauma, tu-
mor, or degenerative disease (Fig. 12-2).

The sternum is often an obstacle in se-
lected low cervical or cervicothoracic
cases.

The ventral thoracic spine may be ex-
posed from a transthoracic or a lateral ex-
tracavitary approach (Fig. 12-3). Each has
advantages and disadvantages; however,
both are relatively invasive. Each tech-
nique places visceral structures at risk and
is associated with significant soft-tissue
and bony dissection. The thoracolumbar
junction presents specific and additional

Figure 12-2. Ventral (A) and ventrolateral (B) approaches to the subaxial cervical spine, as seen in an axial view.

A B
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Figure 12-3. Ventral transthoracic (A) and lateral extracavitary (B) approaches to the thoracic spine, seen in an
axial view.

challenges. These are predominantly re-
lated to the juxtaposition of the dia-
phragm and other vital structures to the
region of pathology.

Ventral exposures of the lumbar spine
usually involve a retroperitoneal approach
(Fig. 12-4). Occasionally, a transperitoneal

approach is employed. In addition to the
thoracolumbar junction, the lumbosacral
junction poses substantial anatomical con-
straints due to the juxtaposition of the
aorta and vena cava bifurcation sites (into
the iliac vessels) and the ventral lum-
bosacral junction.

A

B



Figure 12-4. The retroperitoneal approach to the lumbar spine, seen in an axial view.

Figure 12-5. A lateral radiograph of a patient following a dorsal occipitocervical fusion and instrumentation
that was performed for a tumor causing both neural compression and instability.
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Figure 12-6. An AP radiograph of a patient following a lumbo-sacral-pelvic fusion and instrumentation that
was performed for postoperative spinal instability. Note that the fusion is a dorsal onlay type. Immediately fol-
lowing bone grafting, the onlay fusion does not bear a load (see Figure 12-8).

384
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SPINAL FUSION AND
INSTRUMENTATION

Spinal fusion and instrumentation tech-
niques are often complex, creating sig-
nificant surgical challenges. The choice of
strategies and techniques is also complex.
A brief discussion with illustrative tech-
niques follows.

DORSAL FUSION AND
INSTRUMENTATION TECHNIQUES

Dorsal fusion and instrumentation tech-
niques vary from region to region. In the
upper cervical spine, the occiput is often
employed as a site for fusion as well as fix-
ation (Fig. 12-5).

In the lower lumbar spine, the sacrum
and ilium may be similarly used (Fig. 12-6).
Between these extremes, fixation strate-
gies are somewhat simpler. Screws, hooks,
and wires attached to plates or rods are
usually used to provide spinal stability.

Spinal implants are used to acquire im-
mediate stability. However, since bone is a
biological tissue, it remodels in response
to the stresses placed upon it; e.g., via
spinal implants. Thus, implants usually
loosen their "grip" on the spine as time
passes following surgery. Therefore, it is
ultimately incumbent upon the surgeon to
attempt aggressively to achieve bony fu-
sion. This bony fusion must be "realized"
prior to implant failure. Dorsal implants
must provide adequate spinal support and

weight-bearing ability while the dorsal fu-
sion "matures" (Fig. 12-6).

BONE GRAFTING

Ventral (interbody) bone grafts are often
immediately structural in nature; i.e., they
contribute to the spine's ability to support
loads immediately following surgery (Fig.
12-7). They also generally heal more
rapidly than dorsal bone grafts.

Figure 12-7. An illustration depicting a ventral inter-
body fusion. This fusion can bear axial loads immedi-
ately because of its interbody position.

Figure 12-8. An illustration depicting a dorsal onlay
fusion. It cannot bear loads until a solid fusion is
achieved.
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Figure 12-9. AP (A) and lateral (B) radiographs of a patient with an L1 fracture treated with a ventral screw-rod
implant and interbody fusion.

Dorsal bone grafts do not bear loads un-
til fusion is achieved (usually 4 months to
2 years) and they heal more slowly. They
are usually onlay (non-weight bearing)
as opposed to interbody grafts (Fig.
12-8). This latter point explains their lack
of ability to provide immediate stru-
ctural support, particularly for axial load
bearing. Since bone heals most rapidly
when compressed, ventral interbody
grafts, which are usually compressed dur-
ing the assumption of the upright posture,

heal more rapidly than dorsal grafts (Fig.
12-8).

VENTRAL INSTRUMENTATION
AND FUSION TECHNIQUES

Ventral instrumentation and fusion tech-
niques are fraught with many of the same
problems that accompany ventral surgical
approaches for decompression. Most ven-
tral techniques are short i.e., encompass
relatively few segmental levels.

A
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Figure 12-9.—Continued

Screws attached to rods or plates usually
are used for the acquisition of immediate
stability (Fig. 12-9). Short implants cannot
apply as much leverage as longer ones,
thus rendering them less efficacious.

The greater loads placed on the thoracic
and lumbar spine, compared to the cer-
vical spine, create increasingly greater
"structural challenges" as one descends
the spine. The upper cervical and low
lumbar spinal regions present particular
challenges regarding ventral instrumenta-

tion application. In fact, the lumbosacral
junction is rarely instrumentated from a
ventral exposure.

PHARMACOLOGICAL
MANAGEMENT

Until the past decade, there were no docu-
mented, clinically efficacious, pharmaco-
logical treatment alternatives for the man-
agement of SCI. In 1990, the Second

B
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National Acute Spinal Cord Injury Study
(NASCIS 2)7,8 concluded that in patients
with acute SCI, treatment with high-dose
methylprednisolone improves neurologi-
cal recovery when the medication is given
in the first 8 hours. Subsequently, NASCIS
3 compared the efficacy of methylpred-
nisolone administered for 24 hours with
methylprednisolone administered for 48
hours.8a,8b All patients received an intra-
venous bolus of methylprednisolone (30
mg/kg) before randomization. Patients in
the 24-hour regimen group received a
methylprednisolone infusion of 5.4 mg/kg
per hour for 24 hours and those in the 48-
hour regimen group received a methyl-
prednisolone infusion of 5.4 mg/kg per
hour for 48 hours (See articles 8a,8b for
treatment regimen and results). The
NASCIS 3 investigators concluded that:
(1) For patients in whom methylpred-
nisolone therapy is initiated within 3
hours of injury, the 24-hour treatment
regimen is appropriate. (2) Patients start-
ing therapy 3 to 8 hours after injury
should be maintained on the regimen for
48 hours unless there are complicating
medical factors.8a,8b Similarly, GM-1 gan-
glioside has also been shown to enhance re-
covery.6 Additional trials are needed and
are pending.

SPINAL BRACING

Spinal braces and orthotics are effective
methods of spinal stabilization for the am-
bulatory patient. They are, however, also
inhibitors of the rehabilitation process by
virtue of their bulk and inconvenience.
One must deal with this "double-edged
sword." The balance, however, is usually
in favor of safety, and aggressive bracing is
the norm.

FUNCTION AUGMENTATION

Post-SCI, the augmentation of function
can be achieved in a number of ways.
These include reconstructive surgery, or-
thoses, and functional electrical stimula-
tion.

Reconstructive Surgery

Reconstructive upper extremity surgery
can often enable the quadriplegic patient
to achieve a higher functional status.37-39

These gains may be small; however, to the
severely impaired patient they may be sig-
nificant. The techniques appear to pro-
vide a significant cost-effective benefit in
appropriately selected cases.

Orthosis-Assisted Ambulation

The ambulation of the complete para-
plegic patient with knee-ankle-foot or-
thoses requires excessive energy expendi-
ture, such that most individuals do not use
this form of ambulation. The advantages
of weight-bearing (predominantly osteo-
porosis prevention) and the functional ad-
vantages realized by some patients imply
that their use in a highly selected patient
population is warranted.40

Functional Electrical Stimulation

Functional electrical stimulation (FES) has
received attention regarding ambulation as-
sistance of the spinally injured.41-49 This area
of research, however, is still in its infancy.
Currently, the expense and lack of proven
efficacy and efficiency have limited its use.

PROGNOSTICATION AND
OUTCOME PREDICTION

The chance for neurological recovery fol-
lowing SCI has been clearly outlined.50-55

Admission neurological grade is the most
significant predictor of neurological out-
come.50,51 For example, a patient with a
complete motor myelopathy has a low po-
tential for recovery.

Mobility Gains

We can reliably predict mobility gains by
utilizing a mobility index.53 In patients
with cervical spine injuries, important pre-
dictive variables regarding mobility gains
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have been shown to include gender, rectal
tone, reflexes, combination medical and
surgical management, motor and sensory
neurological history since injury, neuro-
logical status, and initial mobility score.53

Delayed Neurological Changes

Delayed neurological changes are common
following incomplete SCI. Piepmeier and
Jenkins observed that the majority of neuro-
logical improvement occurs within the first
year following injury.56 They also observed,
however, that changes in neurological status
continued for many years. For example, at 3
years postinjury, 23.3% of the patients con-
tinued to improve, whereas 7.1% deterio-
rated. At 5+ years 12.5% improved, while
5% deteriorated.56 Conversely, others have
shown that the chance for recovery exists
only for about 6 months.57

Approximately 5% of SCI patients were
observed to deteriorate in the early
postinjury period.58 Most had cervical in-
juries and were associated with specific
management events that included timing
(e.g., early surgery) and method of immo-
bilization (e.g., traction).

"Complete" Myelopathy

Some authors have never observed neuro-
logical recovery following identification of
a complete myelopathy.59'60 Others have
observed recovery. The crux of these dif-
fering observations is that the definition of
complete myelopathy may vary from sur-
geon to surgeon. Furthermore, this defini-
tion is often unclear in the literature. Be-
cause the term "complete myelopathy"
implies the absence of long tract neural
transmission across the segmented level
of injury and because this determination
may be difficult in the early postinjury pe-
riod, the clinician must be careful in mak-
ing this diagnosis.61

In patients in which complete motor
and sensory myelopathies have been ob-
served, about 20% have had distal sensory
function return. This has been associated
with a normal or near normal admission
blood pressure and pulse (personal com-
munication; Michael Rosner). Perhaps this

phenomenon reflects some preservation
of autonomic function or of long tract ax-
ons that initially fail to conduct as a result
of demyelination. This preservation of
function, however minimal, indicates that
at least some long tract function per-
sists. Therefore, some additional return of
function may ensue in the future. Aggres-
sive examination techniques may be useful
to help better determine prognosis.57

Survival

Survival after SCI has varied from a less
than one-year survival rate 50 years ago
to a recently reported life expectancy ap-
proaching normal overall.62-68 Life-time
table techniques may be effectively em-
ployed in this regard.63,68

VENTILATOR-DEPENDENT
QUADRIPLEGIA

The incidence of long-term ventilator de-
pendency decreases with descending injury
level.17,22 This is because the long-term out-
look for ventilator-dependent quadriplegic
patients is poor.26,27,32 Pulmonary failure
and related complications are the most
common causes of death in SCI patients. At
five years after injury, only 33% of the ven-
tilator-dependent patients remain alive,
whereas 84% of the ventilator-independent
patients are alive.32

REHABILITATION

Goals and Expectations of the
Rehabilitation Process

SCI rehabilitation has three fundamental
goals: (1) to optimize physical restoration
and achieve the patient's ultimate physi-
cal potential; (2) to optimize occupational
(functional) restoration, achieve the pa-
tient's ultimate occupational potential, and
assist in community re-entrance; and (3)
to optimize the patient's psychological
adaptation and education.17

A fundamental principle of SCI rehabil-
itation is that the process of rehabilitation
does not augment neurological recovery.
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It merely "takes advantage" of "existing
function" or "recovered function." The
caregivers, patients, and families must,
therefore, "guide" their expectations,
goals, and plans for the future by continu-
ously reiterating this principle.17

Predicted life expectancy and mobility
gains vary so much that each case must be
individualized regarding outcome predic-
tion. SCI radically affects sexual function
(erection, pregnancy, orgasm), lifestyle, mo-
bility, vocational gains (independent, em-
ployed, employed and independent, em-
ployed and independent and financially
independent), and psychological func-
tion.59,68 Nevertheless, some predictions
may (and should) be made, and treatment
plans may be guided by these predictions.
Knowledge of the permanency of an injury
and its associated neurological deficit can
assist in developing and employing an ap-
propriate rehabilitation program and long-
term living arrangement.8

Today, SCI patients can reasonably ex-
pect to achieve a higher-quality lifestyle
than that achieved by similarly injured pa-
tients several decades ago. Consider, if you
will, a typical SCI victim of the World War
II era. Commonly, this patient died of re-
nal sepsis or pulmonary complication
within several months of injury. Many of
those few who survived the initial period
succumbed to the ravages of decubiti-
related complications (see below). Today, a
near-normal life expectancy and a high
grade quality of life can often be achieved.
One can reasonably expect motivated in-
dividuals to regain self-esteem and to
become productive, reasonably indepen-
dent, and self-fulfilled.17

Rehabilitation Techniques

Management schemes for SCI should fo-
cus on the three aforementioned goals of
rehabilitation and medical follow-up (dis-
cussed below).

PHYSICAL RESTORATION
TECHNIQUES

The strengthening of functioning motor
groups is the primary physical restoration
goal of the rehabilitation process.17,69-73

Strength improvement lays the foundation
for skill development. For example, wheel-
chair operation is facilitated by improved
upper extremity strength. There is no good
evidence to indicate that the rehabilitation
process augments neurological recovery. It
can, however, prepare the patient's body
(and mind) for neurological recovery,
should it occur, and optimize the patient's
use of existing capabilities (via education
and training). Secondary physical restora-
tion goals include contracture prevention,
stimulation of potentially functional muscle
groups to prevent atrophy, and patient edu-
cation.17 Biofeedback may even play a role.69

FUNCTIONAL RESTORATION

Techniques that enhance quality of life
(e.g., ambulation skills, transfer skills) nat-
urally consume a large portion of the
rehabilitation "effort."70-73 Many of these
techniques and skills are required for
community re-entrance.17

PSYCHOLOGICAL ADAPTATION
AND EDUCATION

A primary overall goal of both the acute and
long-term rehabilitation process is patient
education.17 The patients' understanding of
his/her pathological and physiological sta-
tus plays a major role in the early detection
of infection, skin care, appropriate medical
follow-up, etc. This, in turn, directly affects
the rapidity with which community re-en-
trance is achieved, the incidence of long-
term institutionalization, and ultimately
longevity and mortality. The greater the level
of independence achieved, the more cost-effective
the rehabilitation process.17

MEDICAL FOLLOW-UP

Physiatrists, neurologists, orthopedic sur-
geons, plastic surgeons, neurosurgeons,
urologists, and internists may play roles in
the medical follow-up of the SCI patient.
A single physician, however, should direct
this process. This physician should main-
tain a high index of suspicion for the mul-
titude of potential complications that may
ensue and also play an active role in
their prophylaxis.17 Prevention and man-
agement of these complications are best
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achieved by following a predetermined
schedule.74,75 The most common problems
and complications include pain, decu-
biti, urologic complications, bowel-related
complications, and other miscellaneous
complications.

PAIN MANAGEMENT

Pain is common after SCI. Its etiologies
include pain of nerve root origin, hy-
peralgesic border reactions, central pain
syndromes, phantom sensations, visceral
pain, and pain of mechanical origin
(pseudoarthrosis). Thus, pain of recent
onset should be viewed as a warning of a
new medical complication. Prevention and
early management are prudent.76

DECUBITI PREVENTION

Prevention of decubitus ulcers (pressure
sores) is directly related to patient motiva-
tion and education.17 However, the em-
ployment of appropriate wheelchair cush-
ions, appropriately utilized and frequent
pressure release activities, and appropri-
ate transfer techniques, etc., are also inte-
gral to successful prevention.77

UROLOGICAL AND BOWEL
MANAGEMENT

Urological and bowel management schemes
and patient education should be aggres-
sively addressed by the treating team.78-88

A medically appropriate, yet convenient,
bowel and bladder management regimen is
critical. An inordinately difficult program
may lead to noncompliance, yet an overly
simplistic scheme may be ineffective re-
garding complication prevention. Patient
education is mandatory in this process.

MISCELLANEOUS
COMPLICATIONS

Physicians assist with patient well-being by
paying particular attention to orthostasis
prophylaxis;21 long-term respiratory man-
agement;25 and the management and pre-
vention of spasms,22 autonomic dysre-
flexia,89 heterotopic ossification,29,90 sexual
dysfunction,52,91-93 spinal neuroarthropa-
thy,94 occult gallstone formation,95 burns,96

alcoholism,97 and limb fractures.98,99 Com-
plication avoidance is globally enhanced
by overall conditioning (i.e., the increasing
of exercise tolerance).100 All of these com-
plications should be regularly considered
by the treating physician, with a high in-
dex of suspicion for diagnosis and a low
threshold for prophylaxis.17

REHABILITATION PROGRAM
SELECTION

Questions regarding the quality of the re-
habilitation process, the provision of ongo-
ing medical management and follow-up,
psychological management, postrehabili-
tation follow-up, and the quality of patient
and family education and counseling must
be answered satisfactorily by a rehabilita-
tion institution prior to patient transfer
from the acute care setting.3,17

SUMMARY

The management of the spinally impaired
patient truly begins with implementation
of injury-prevention strategies. Once in-
jury has occurred, a multitude of med-
ical, structural, and neurologically ori-
ented strategies come into play.

Finally, functional restoration strategies
are employed to optimize the community
re-entrance process and to optimize the in-
dividual's functional level and quality of life.

The aforementioned strategies, used in
combination, can be used to create an
optimal milieu for recovery and sub-
sequent community re-entrance and func-
tion. Therefore, a multimodality and
multidisciplinary approach is needed.
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APPENDIX

Segmental and Peripheral Innervation of the Muscles and Their Function*

Nerve/Muscle Function Spinal Segments

Elevates shoulder/arm C3, C4
Fixes scapula

C3, C4, C5
Inspiration

Draw scapula up and in C4, C5, C6
Elevates scapula C3, C4, C5

Fixes scapula on arm raise C5, C6, C7

Pulls shoulder forward C5, C6
Adducts and medially rotates arm C6, C7, C8, Tl
Depresses scapula, pulls shoulder forward C6, C7, C8

Abducts humerus C5, C6
Rotates humerus laterally C5, C6

Rotates humerus medially C5, C6
Adducts, medially rotates humerus C5, C6, C7

Adducts, medially rotates humerus C6, C7, C8

Adducts, laterally rotates humerus C5, C6
Abducts arm C5, C6

Flexes and adducts arm C6, C7
Flexes and supinates arm C5, C6
Flexes forearm C5, C6

Spinal accessory
Trapezius

Phrenic
Diaphragm

Dorsal scapular
Rhomboids
Levator scapulae

Long thoracic
Serratus anterior

Anterior thoracic
Pectoralis major (clavicular)
Pectoralis major (sternal)
Pectoralis minor

Suprascapular
Supraspinatus
Infraspinatus

Subscapular
Subscapularis
Teres major

Thoracodorsal
Latissimus dorsi

Axillary
Teres minor
Deltoid

Musculocutaneous
Coracobrachialis
Biceps brachii
Brachialis

Radial
Triceps
Brachioradialis
Extensor carpi radialis

(longus and brevis)
Posterior interosseus

Supinator
Extensor carpi ulnaris
Extensor digitorum
Extensor digiti quinti
Abductor pollicis lungus
Extensor pollicis

(longus and brevis)
Extensor indicis

Extends forearm C6, C7, C8
Flexes forearm C5, C6
Extend wrist, abduct hand C5, C6

Supinates forearm C6, C7
Extends wrist, adducts hand C7, C8
Extends fingers at proximal phalanx C7, C8
Extends little finger at proximal phalanx C7, C8
Abducts thumb in the plane of palm C7, C8
Extend thumb C7, C8

Extends index finger, proximal phalanx C7, C8
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Nerve/Muscle Function Spinal Segments

Median
Pronator teres
Flexor carpi radialis
Palmaris longus
Flexor digitorum superficialis
Flexor digitorum profundus

(digits 2, 3)
Abductor pollicis brevis
Flexor pollicis brevis (superficial)
Opponens pollicis
Lumbricals (I, II)

Anterior interosseus
Flexor digitorum profundus

(digits 2, 3)
Flexor pollicis longus
Pronator quadratus

Ulnar
Flexor carpi ulnaris
Flexor digitorum profundus

(digits 4, 5)
Hypothenar muscles
Lumbricals (III, IV)

Palmar interossei
Dorsal interossei
Flexor pollicis brevis (deep)
Adductor pollicis

Obturator
Obturator externus
Adductor longus
Adductor magnus
Adductor brevis
Gracilis

Femoral
Iliacus
Rectus femoris
Vastus lateralis
Vastus intermedius
Vastus medialis
Pectineus
Sartorius

Sciatic
Adductor magnus
Semitendinosus

Biceps femoris
Semimembranosus

Tibial
Gastrocnemius
Plantaris

Soleus
Popliteus

Pronates and flexes forearm C6, C7
Flexes wrist, abducts hand C6, C7
Flexes wrist C7, C8, Tl
Flexes middle phalanges C7, C8, Tl
Flexes distal phalanges C7, C8

Abducts thumb at right angles to palm C8, Tl
Flexes first phalange of thumb C8, Tl
Flexes, opposes thumb C8, Tl
Flex proximal interphalangeal joint, C8, Tl

extend other phalanges

Flexes distal phalanges C7, C8

Flexes distal phalanx of thumb C7, C8
Pronates forearm C7, C8, Tl

Flexes wrist, adducts hand C7, C8, T
Flexes distal phalanges C7, C8

Abduct, adduct, flex, rotate digit 5 C8, Tl
Flex proximal interphalangeal joint, C8, Tl

extend other phalanges
Abduct fingers, flex proximal phalanges C8, Tl
Adduct fingers  C8, Tl
Flexes and adducts thumb C8, Tl
Adducts thumb C8, Tl

Adducts and outwardly rotates leg L2, L3, L4

Adduct thigh L2, L3, L4

Flexes leg at hip L1, L2, L3

Extend leg L2, L3, L4

Adducts leg L2, L3, L4
Inwardly rotates leg, flexes  L2, L3, L4

thigh and leg

Adducts thigh L4, L5, S1
Flexes and medially rotates knee, L5, S1, S2

extends hip
Flexes leg, extends thigh L5, S1, S2
Flexes and medially rotates knee, L5, S1, S2

extends hip

Plantar flexes foot S1, S2
Spreads, brings together, and flexes  L4, L5, S1

proximal phalanges
Plantar flexes foot S1, S2
Plantar flexes foot L4, L5, S1



Nerve/Muscle

Tibialis posterior
Flexor digitorum longus

Flexor hallucis longus
Small foot muscles

Function

Plantar flexes and inverts foot
Flexes distal phalanges, aids plantar

flexion
Flexes great toe, aids plantar flexion
Cup sole
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Spinal Segments

L4, L5
L5,S1,S2

L5,S1,S2
S1.S2

Common peroneal
Superficial peroneal

Peroneus longus
Peroneus brevis

Deep peroneal
Tibialis anterior
Extensor digitorum longus
Extensor hallucis longus
Peroneus tertius
Extensor digitorum brevis

Superior gluteal
Gluteus medius/minimus
Tensor fasciae latae

Inferior gluteal
Gluteus maximums

Plantar flexes and everts foot L5, S1
Plantar flexes and everts foot L5, S1

Dorsiflexes and inverts foot L4, L5
Extends phalanges, dorsiflexes foot L5, S1
extends great toe, aids dorsiflexion L5, S1
Plantar flexes foot in pronation L4, L5, S1
Extends toes L5, S1

Abduct and medially rotate thigh L4, L5, S1
Flexes thigh L4,L5, S1

Extends, abducts, laterally rotates thigh L5, S1, S2
and extends lower trunk

*From Devinsky, O and Feldmann, E: Examination of the Cranial and Peripheral Nerves. Churchill Living-
stone, New York, 1988, pp. 22-25, with permission.

tMuscles are listed in the order of innervation, except when presented in groups as for the quadriceps. Bold-
face type signifies predominant innervation.
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Page numbers followed by f and t indicate figures and tables, respectively.

Abdominal muscles, exercises for, 1l7f, 119
Abdominal reflexes

and corresponding spinal roots, 51, 52t
and segmental level of spinal cord dysfunction,

56-57
Abscess

epidural. See Epidural spinal abscess
intramedullary, 323-25
paravertebral, in tuberculous spondylitis, 325

Achondroplasia, spinal stenosis associated with, 144
Acquired immunodeficiency syndrome (AIDS),

myelopathies associated with, 280, 282-84,
282f, 283f

Actinomycosis, spinal involvement in, 328
Adamkiewicz, artery of, 23
Adrenocorticotropic hormone, in leptomeningeal

metastases, 255-56
Adrenomyeloneuropathy, 300t
Aerobic exercise, for back pain, 116, 118
AIDS-related myelopathies, 280, 282-84, 282f, 283f
Alcoholism, myelopathy associated with, 293
Alpha motor neurons, 17
Ambulation, orthosis-assisted, after spinal cord

injuries, 388
American Spinal Injury Association (ASIA), spinal

cord injury classification of, 62, 63f, 63t
Amyotrophic lateral sclerosis, versus cervical

spondylosis, 141
Amyotrophy, syphilitic, 284
Anal reflex

and corresponding spinal roots, 51, 52t
and segmental level of spinal cord dysfunction,

57, 61
Anatomy

bone, 14
disc interspace, 127-28, 131f
epidural space, 14-15
facet joints, 6-7
lamina, 7
leptomeninges, 245, 246f
ligaments, 11-14, 12f
meninges, 15-16, 15f
muscles, 14
pedicle, 9
spinal canal, 7-9, 8f

spinal column, 4-16, 4f-6f
spinal cord, 16-27
spinous processes, 11
transverse process, 11
vertebral body, 7, 7f, 14

Anemia, megaloblastic, subacute combined
degeneration associated with, 292

Anesthetics, spinal, myelopathy due to, 287-88
Aneurysmal bone cyst, 195, 198f
Angina, cervical, 98-99, 98f
Angiography, of vascular malformations, 222, 223
Angiotome, 41
Ankylosing spondylitis

cauda equina syndrome in, 333-34
degenerative process in, 127
neurologic complications in, 332-34, 332f
therapy for, 334

Annulus fibrosus
anatomy of, 4-5, 5f
bulging of, 152

with application of eccentric force, 9-11, l0f,
129, 131f

osteophyte formation associated with, 126,
126f, 128f-129f

innervation of, 93
Anterior horn, anatomy of, 17, 17f
Anterior horn and pyramidal tract syndrome, 70
Anterior horn syndrome, 70
Anterior longitudinal ligament, anatomy of, 12f,

13, 13f
Anterior poliomyelitis, 276-78
Anterior spinal artery

anatomy of, 23-24
infarction of, 67-68, 68f, 294-95

Anterior spinal cord injury syndromes, 67-68, 68f
Anterior spinal vein, 25
Antibiotics

for Lyme disease, 286-87
for spinal epidural abscess, 321

Antidiuretic hormone, in leptomeningeal
metastases, 255-56

Antituberculous chemotherapy, 326-27
Antiviral agents, for zoster-associated myelitis,

278-79
Aortography, myelopathy following, 287
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Arachnoid, anatomy of, 15-16, 15f
Arachnoid cysts

extradural, 349-50, 350f
intradural, 350-51, 351f

Arachnoiditis
in pathogenesis of cauda equina syndrome, 333
spinal, 288

Arachnoid trabeculae, anatomy of, 245, 246f
Arterial steal, in pathogenesis of arteriovenous

malformations, 220
Arteries, spinal cord, 21f, 23-25, 67f
Arteriography, of vascular malformations, 223
Arteriovenous malformations

classification of, 218, 218t
clinical features of, 221-22, 221t
dural versus intradural, 218, 218t, 221, 221t,

223
frequency of, 217-18
imaging studies of, 222-23
laboratory studies of, 222
neurogenic claudication secondary to, 146-47,

147f
neurologic manifestations of, pathogenesis of,

220
spinal subarachnoid hemorrhage associated with,

352
therapy for, 223
type I (dural), 218-20, 218t, 219f, 221-22, 223
type II (glomus; spinal cord), 218t, 220, 222
type III (juvenile), 218t, 220, 222
type IV (perimedullary), 218t, 220, 222
versus hemangioblastoma, 217

Artery of Adamkiewicz, 23
Arthritides, inflammatory, versus spondylosis, 125
Arthritis

degenerative, 124
psoriatic, 332
reactive, 332
rheumatoid. See Rheumatoid arthritis

Arthropathies, neurogenic, in syringomyelia, 345
Astrocytoma, 230-32

clinical features of, 231
imaging studies of, 232, 233f
laboratory studies of, 231-32
location of, 231
therapy for, 232

Ataxia, in epidural metastasis, 180
Atlanto-axial complex, anatomical relationships of,

26f
Atlanto-axial impaction, in rheumatoid arthritis,

329-30
Atlanto-axial joint

dislocation of, 73-74
motions at, 28

Atlanto-axial subluxation
in ankylosing spondylitis, 332
in rheumatoid arthritis, 329, 330-31, 330f

Atlanto-occipital joint
dislocation of, 360f, 363
motions at, 28

Atlas, transverse ligament of, rupture of, 360f,
362-63

Atrophy, muscular, causes of, 42
Autoimmune disease, spinal cord involvement in,

296-99
Autonomic disturbances

in epidural metastasis, 179
in intramedullary versus extramedullary tumors,

81-82
and segmental level of spinal cord dysfunction,

60-61
in syringomyelia, 345

Autonomic dysreflexia, 82
Autonomic fibers, ventral root dysfunction and, 44
Autonomic pathways, 17-18, 23
AVMs. See Arteriovenous malformations
Avulsion fracture, dens, 360f, 363
Axis, traumatic spondylolisthesis of, 360f, 361
Axonal degeneration, in Devic's disease, 275

Babinski sign, 22, 57
Back pain

acute, radiographic indications in, 112
anatomical basis of, 92-94, 93f
cancer patients with, myelography in, 184
in epidural metastasis, 178
functional, 100
in lumbar spinal stenosis, 151-52
management of, 113-15
mechanical, 100
nonsurgical management of, algorithm for,

116-19
psychogenic, 100
radiologic findings in, 92
referred, 92, 97, 97f
secondary to metastases, 91-92
in spinal epidural abscess, 319
from visceral disease, 105

Bacterial myelitides, 267t
Batson's plexus

anatomy of, 25
cancer metastasis through, 169

Bed rest, for back and neck pain, 114
Beevor's sign, 77
Bell and Magendie law, 44
Beta2-microglobulin, 255
Beta-glucuronidase, 255
Biceps reflex, 75
Biochemical markers, of leptomeningeal

metastases, 254-56
Biopsy, bone, in tuberculous spondylitis, 326
Bladder disturbances

in epidural metastasis, 179
and segmental level of spinal cord dysfunction,

60-61
Blood pressure, in spinally impaired patient, 378
Bone biopsy, in tuberculous spondylitis, 326
Bone cyst, aneurysmal, 195, 198f
Bone grafting, in spinal fusion and

instrumentation, 385-86, 385f
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Bone scanning, in metastatic spinal cord
compression, 183

Borrelia burgdorferi, 286
Bowel disturbances, and segmental level of spinal

cord dysfunction, 61
Bowel management, in spinally impaired patient,

391
Brachioradialis reflex

with hyperactivity of finger flexors, 138
localizing value of, 75

Bracing, spinal, 388
Breast cancer

intramedullary spinal cord metastasis from, 234,
238

leptomeningeal metastasis from, 249, 261
metastatic spinal cord compression from, 174,

175-76,175t-176t
Breschet's veins, 169
British Medical Research Council Scale of Muscle

Strength, 41, 41t
Brown-Sequard syndrome, 58

causes of, 68-69
clinical presentation of, 68
in epidural metastasis, 179

Bruits, in arteriovenous malformations, 221
Burst fracture

Cl,360f, 361, 362
mechanism of injury in, 364, 365f
mode of failure in, 364t

Burst/pedicle fracture, C2, 362

Cl-2 dislocation, dorsal, 360f, 361
Cl-2 subluxation, rotatory, in children, 368f
Cl arch fracture, 362
Cl burst fracture, 360f, 361, 362
C2 body fracture

with C2-3 extension-subluxation, 360f, 361
and ventral teardrop, 360f, 361

with C2-3 flexion-subluxation, and dorsal
teardrop, 360f, 362

dorsal, coronally oriented, vertical, 360f, 361, 362,
363

with flexion-distraction, 360f, 363
rostral, horizontal, 360f, 362

C2 burst/pedicle fracture, 362
Cancer. See Metastatic cancer; specific anatomical

location
Cancer patients

with back pain, myelography in, 184
new pain syndrome in, 96
paraneoplastic myelopathy in, 299-300
spinal cord lesions in, classification of, 299t

Candidiasis, spinal involvement in, 328
Capsular ligaments, anatomy of, 12f, 13, 13f
Carcinoembryonic antigen (CEA), in leptomeningeal

metastases, 254-55
Cauda equina

anatomy of, 8-9, 16, 16f
compression of. See Spinal cord compression
dysfunction of

in leptomeningeal metastasis, 250
in spondyloarthropathies, 333-34

ependymoma of, 228
lesions of, 77-78, 77t

Cauda equina syndrome, in ankylosing spondylitis
clinical features of, 333
imaging studies of, 333-34
therapy for, 334

Central spinal cord syndrome, 69-70, 69f
Cerebrospinal fluid

analysis of
in acute transverse myelitis, 269
in astrocytoma, 231-32
in ependymoma, 229
in epidural spinal cord compression, 180
in intramedullary spinal cord metastasis, 235
in leptomeningeal metastases, 252-54,

252t-253t
in lupus myelopathy, 299
in meningioma, 211
in multiple sclerosis, 273
in nerve sheath tumors, 216
in Sjogren's syndrome, 297
in spinal epidural abscess, 320
in vascular diseases of spinal cord, 296
in vascular malformations, 222

flow of, within subarachnoid space, 246
obstruction of, in pathogenesis of syringomyelia,

342-44, 344f
Cervical angina, 98-99, 98f
Cervical disc herniation, 153-54, 154f, 155f

management of, 156
pain secondary to, 103-4, 103f

Cervical kyphosis, 131, 132, 132f, 143
Cervical lordosis, 131, 132f, 143
Cervical myelopathy, painless, and level of spinal

cord compression, 59-60, 60t
Cervical spine

central injury to, 69-70, 69f
dorsal element fractures of, 365, 367f
facet dislocation in, 368f
gray zone of, 132-33, 132f
lower

biomechanics of, 27f, 29
lesions of, 75-76

metastasis to, 177
middle, biomechanics of, 27f, 29
rostral, biomechanics of, 25f, 27-29
spondylotic degenerative process in, 130-33,

132f-134f
upper. See Upper cervical spine
ventral approach to, 381, 381f

Cervical spondylosis
differential diagnosis of, 140-41
history of, 134-35
imaging studies of, 139-40
laboratory studies of, 139
natural history of, 142
pathogenesis of, 135
pathology of, 136, 137f
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Cervical spondylosis—continued
spinal stenosis due to, 145, 145f
versus foramen magnum tumors, 71-72

Cervical spondylotic myelopathy
clinical features of, 136-38, 138f
differential diagnosis of, 140-41
history of, 134-35
imaging studies of, 139-40
management of, 142-43
natural history of, 138f, 141-42, 142t
pathogenesis of, 135-36
pathology of, 136
surgical approaches for, 142-43

Cervical spondylotic radiculomyelopathy, 142
Cervical spondylotic radiculopathy

clinical features of, 136-38
imaging studies of, 139
natural history of, 142
pathogenesis of, 136
pathology of, 136

Chance fracture, 364t, 365, 366f
Charcot-Marie-Tooth disease, 300t
Chemotherapy

antituberculous, 326-27
for astrocytoma, 232
for intramedullary spinal cord metastasis, 239
intrathecal, myelopathy due to, 288
for leptomeningeal metastases, 260, 261

Chiari malformation, syringomyelia and, 342, 343f,
345

Children, spine injuries in, 367, 368f, 369
Chondrosarcoma, 195
Chordoma, 194-95
Claudication, intermittent

causes of, 143-44
neurogenic. See Neurogenic intermittent

claudication
Cobalamin deficiency

assessment of, 293
subacute combined degeneration due to, 141,

292-93, 292f
Coccygeal pain, in ependymoma, 229
Colorectal cancer, intramedullary spinal cord

metastasis caused by, 234
Communicating hydrocephalus, in leptomeningeal

metastases, 247-48
Communicating syringomyelia, 342-44, 343f, 346
Compression fracture

mode of failure in, 364t
ventral wedge, 364, 365f

Compressive injuries. See also Spinal cord
compression

neural element distortion in, 31f, 34
secondary injury in, 33

Computed tomography (CT)
in astrocytoma, 232
in cauda equina syndrome, 333
in cervical disc herniation, 153, 154f
in cervical spondylosis, 139-40
in ependymoma, 229

in evaluation of spinal pain, 92, 112
in intramedullary spinal cord abscess, 324
in intramedullary spinal cord metastasis, 235
in leptomeningeal metastases, 256
in lumbar disc herniation, 156, 157f
in lumbar spinal stenosis, 150-51, 150f
in metastatic spinal cord compression, 184-85,

187
in nerve sheath tumors, 215
in rheumatoid arthritis, 330
in spinal epidural abscess, 321
in syringomyelia, 346
in vascular diseases of spinal cord, 296
in vascular malformations, 222

Computed tomography-myelography
in cervical disc herniation, 153, 154
in cervical spondylosis, 139
in metastatic spinal cord compression, 184-85,

187
Contrast material, intrathecal, myelopathy due to,

288
Conus medullaris

anatomy of, 16
lesions of, 77-78, 77t

Coronal bowstring effect, 32f, 34-35
Corticospinal tract, 21-22

dysfunction of, 22-23
lateral, 20f, 22

Corticosteroids
for acute transverse myelitis, 270
for chronic radiation myelopathy, 291
for HAM/TSP, 280
for metastatic epidural spinal cord compression,

189, 190
for sarcoidosis, 329
for sciatica secondary to disc herniation, 115
for spine trauma, 388

Coxsackie viruses, paralytic poliomyelitis caused by,
277

Cranial nerve disturbances
in leptomeningeal metastases, 251-52, 251t
in spinal tumors, 83-84

Cranial settling, in rheumatoid arthritis, 329-30
Craniocervical junction, biomechanics of, 25f, 26f,

27-29
Craniocervical region, movements allowed in, 28,

28t
Cremasteric reflex

and corresponding spinal roots, 51, 52t
and segmental level of spinal cord dysfunction,

57
Crossed-straight-leg-raising test, 108-9
Cryptococcal infection, spinal involvement in, 328
Cysticercosis, spinal involvement in, 328
Cystic necrosis, from epidural spinal cord

compression, 173
Cyst(s)

aneurysmal bone, 195, 198f
arachnoid, 349-51, 350f-351f
epidermoid and dermoid, 225—26
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Cytomegalovirus radiculomyelids, in AIDS patients,
283

Cytosine arabinoside, intrathecal, myelopathy due
to, 288

Decubitus ulcers, prevention of, in spinally impaired
patient, 391

Deep tendon reflexes
localizing value of, 51, 52f, 75-76
in pain assessment, 110

Deep vein thrombophlebitis, prevention of, in
spinally impaired patient, 378

Degenerative disc disease. See also Intervertebral disc
herniation; Spondylosis

defined, 127
pain associated with, 95-96
radiologic classification of, 152

Degenerative disorders of spine, 124-59
Dementia, in spinal tumors, 83
Demyelination

from epidural spinal cord compression, 172-73,
174, 175f

in multiple sclerosis, 271, 272f, 273, 274f
Dens avulsion fracture, 360f, 363
Dens fracture, 360f, 363
Dermatomal pain, 98, 98f
Dermatome(s)

definition of, 41
mapping of, 50-51, 51f

Dermoid cysts, 225-26
Devic's disease, 275-76
Dexamethasone, for metastatic epidural spinal cord

compression, 189, 190
Diffuse idiopathic skeletal hyperostosis, versus

spondyloarthropathies, 332
Diplopia, in leptomeningeal metastases, 251
Disc. See Intervertebral disc
Disc interspace, anatomy and physiology of, 127-28,

131f
Discography, for spinal pain, 112
Dislocation

atlanto-axial, 73-74
atlanto-occipital, 360f, 363
facet, 366-67, 368f
fracture-, mode of failure in, 364t

Distraction, spinal cord, 31f, 34
Dorsal approaches, 380, 381f. See also Laminectomy
Dorsal bone grafts, 385f, 386
Dorsal element fracture, 365, 367f
Dorsal fusion and instrumentation, 383f, 385
Dorsal paraspinous muscles, exercises for, 117f, 119
Dorsal ramus of the spinal nerve, 93-94
Dorsal root

divisions of, 18
dysfunction of

local pain in, 45-46
referred pain in, 46-47, 46f. See also Radicular

pain
signs and symptoms of, 44-51

irritation of, dermatomal pain pattern in, 98, 98f

Dorsal segment
anatomy of, 5f, 6-7
dysfunction of, signs and symptoms of, 44-51
innervation of, 93

Drainage
of spinal epidural abscess, 322
of syrinx, 348-49

Dural arteriovenous malformations, 218-20, 218t,
219f, 221-22, 223

Dural sac compression, pain associated with, 101
Dura mater

anatomy of, 15, 15f, 245, 246f
innervation of, 93

Echoviruses, paralytic poliomyelitis caused by, 277
Elastic zone, of ligaments, 13, 14f
Electrical injuries, myelopathy secondary to, 291-92
Electroencephalography (EEG), in leptomeningeal

metastases, 256
Electromyography

in cauda equina syndrome, 333
in lumbar spinal stenosis, 149

Empyema, subdural, versus spinal epidural abscess,
319

Encephalomyelitis, myalgic, benign, 277
Encephalomyeloradiculitis, 269
Endovascular embolization, for intradural AVMs,

223
Enteroviruses, paralytic poliomyelitis caused by,

277
Ependymal cells, 227
Ependymomas, 227-30

classification of, 227-28
clinical features of, 228-29
imaging studies of, 229, 230f
laboratory studies of, 229
location of, 228
therapy for, 229-30

Epiconus lesions, clinical features of, 77t, 78
Epidemic neuromyasthenia, 277
Epidermoid cysts, 225-26
Epidural hematoma, in ankylosing spondylitis,

332-33
Epidural hemorrhage, spinal, 353, 353f
Epidural lipoma, 196, 198, 198f
Epidural space

anatomy of, 14-15
metastasis to, 171, 172f

Epidural spinal abscess, 315-23
acute, 316, 317, 319
case illustration of, 323
chronic, 316-17, 319
clinical features of, 315-19
initial diagnosis for patients with, 320t
laboratory studies of, 316f, 319-21
location of, 315, 318t
pathogenesis and pathology of, 315, 317t-318t
primary infection in, 315, 317t
therapy for, 321-22, 322f
tuberculous, 325, 327
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Epidural tumors, 78, 79t, 166-99
classification of, 166
diagnosis of, 166-67
metastatic, 167-93

age distribution in, 177
clinical presentation in, 177-80, 178t
epidemiology of, 167-68
gender distribution in, 177
location of, 169-71, 170f-172f
mechanisms of, 168-69, 168f, 169f
pathology of, 171-73
patient workup in, 188-89
primary tumor types in, 174-76, 175t-l76t
spinal cord compression from. See Spinal cord

compression, epidural
primary, 193-98, 193t

benign, 195-96, 197f-198f
chondrosarcoma as, 195
chordoma as, 194—95
diagnostic clues in, 167
Ewing's sarcoma as, 195, 196f
lipomaas, 196, 198, 198f
multiple myeloma as, 193-94
osteogenic sarcoma as, 194

Epidural venous plexus, 14-15
Erector spinae, 14
Escherichia coli infection, in spinal epidural abscess,

319
Ewing's sarcoma, 195, 196f
Exercises, for back and neck pain, 114-15, 116,

118-19
Extension exercises, 116
Extradiscal soft tissue involvement, in

pathophysiology of disc degeneration, 127
Extradural arachnoid cysts, 349-50, 350f
Extradural lipoma, 196
Extradural tumors, versus cervical spondylosis,

141
Extramedullary tumors. See also Intradural-

extramedullary tumors
versus intramedullary tumors, 75, 78-83, 80t

Facet joints
anatomy of, 6-7
biomechanics of, 7
degenerative disease of, 124
dislocations of, 366-67, 368f
innervation of, 93-94
orientation of, and spinal movement, 27f, 29

Fasciculations, neurogenic atrophy associated with,
42

Fasciculus cuneatus, 19
Fasciculus gracilis, 19
Femoral-nerve-traction test, 109, 109f
Filum terminale

astrocytoma of, 231
ependymoma in, 227, 228

Finger flexors, inverted, 138
Flaccid bladder, and segmental level of spinal cord

dysfunction, 61

Flexion-distraction fracture
mechanism of injury in, 365, 366f
mode of failure in, 364t

Flexion exercises, 116
Flip test, for nonorganic pain, 108
Foix-Alajouanine syndrome, vascular

malformations associated with, 222
Foramen magnum lesions, 71-74, 72f
Foramina transversarium, 11
Forestier's disease, versus spondyloarthropathies,

332
Fracture. See also specific type of fracture

and mode of failure, 364t
and spinal level, 7, 8f

Fracture-dislocation, mode of failure in, 364t
Frankel classification of neurological deficit after

spinal cord injury, 62, 62t
Friedreich's ataxia, 300t
Functional electrical stimulation, after spinal cord

injuries, 388
Functional restoration, in spinally impaired patient,

390
Function augmentation, after spinal cord injuries,

388
Fungal infection, spinal involvement in, 327-28
Funicular pain, 79-80, 99

Gadolinium-enhanced magnetic resonance
imaging, in metastatic spinal cord
compression, 187-88, 187f

Gait ataxia, in epidural metastasis, 180
Gamma globulin, for multiple sclerosis, 275
Gamma motor neurons, 17
Gastrointestinal cancer, metastatic spinal cord

compression caused by, 175t-176t, 176
Glatiramer acetate

for multiple sclerosis, 275
postinjection reaction to, 275

Gliomas. See Intramedullary tumor(s)
Glomus arteriovenous malformations, 218t, 220,

222
Gluteal muscles, myofascial pain syndrome and, 100
Golgi tendon organ, 18
Gray matter

anatomy of, 15f, 17-18, 17f
pathological involvement of, in viral myelitis, 276
secondary injury to, 31

Gray zone, of cervical spine, 132-33, 132f
Grissel's syndrome, 363
Guillain-Barre syndrome, 277
Gunshot wounds, spinal cord injuries from, 369

HAM (HTLV-1-associated myelopathy), 279-80, 281t
Hangman's fracture, 360f, 361

judicial, 360-61, 360f
Headache, in leptomeningeal metastases, 251
Head and neck cancer

intramedullary spinal cord metastasis caused by,
234

radiation myelopathy associated with, 238
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Hemangioblastoma
clinical features of, 223-25, 224t, 225f
versus arteriovenous malformation, 217

Hematogenous dissemination, in leptomeningeal
metastases, 247

Hematoma
epidural, in ankylosing spondylitis, 332-33
spinal cord compression caused by, 354

Hematomyelia, nontraumatic, 352
Hemodynamic factors, in cancer metastasis, 168-69,

168f, 169f
Hemorrhage

in arteriovenous malformations, 220, 221
spinal. See Spinal hemorrhage

Hemorrhagic venous infarction, 296
Hepatic failure, myelopathy secondary to, 293-94
Hereditary motor neuron disease, 300t
Hereditary spastic paraplegia, 300t
Herpes simplex virus, myeloradiculopathies caused

by, in AIDS patients, 283
Herpes zoster

in AIDS patients, 283
in epidural metastasis, 179-80
myelitis associated with, 278-79

Heubner's arteritis, 284
Hip pain, test for, 109-10
History, in pain assessment, 102-5
HIV-related myelopathies, 280, 282-84, 282f, 283f
Hoffman sign, localizing value of, 75-76
Horner's syndrome

localizing value of, 76
in spinal tumors, 82
in syringomyelia, 345

HTLV-1-associated myelopathy, 279-80, 281t
Human immunodeficiency virus disease (HIV),

myelopathies associated with, 280, 282-84,
282f, 283f

Human T-cell lymphotropic virus type I (HTLV-1),
279, 280, 281t

Human T-cell lymphotropic virus type II (HTLV-2),
280

Hydatid disease, spinal involvement in, 328
Hydrocephalic dementia, in spinal tumors, 83
Hydrocephalus, syringomyelia and, 345
Hydromyelia, 342
Hyperbaric oxygenation, radiation myelopathy and,

289
Hyperostosis, skeletal, idiopathic, diffuse, 332
Hyperreflexia, after spinal shock, 65-66
Hypertension, venous

in arteriovenous malformations, 219, 220
in neurogenic claudication, 146-47, 147f

Hyporeflexia, in leptomeningeal metastasis, 250

Iceland disease, 277
Imaging studies, in pain assessment, 112-13
Infection(s)

fungal, spinal involvement in, 327-28
myelitis associated with, 268-71, 268t
pyogenic, spinal cord compression from, 314-25

Infectious diseases, 314-28
Inferior articular facet, 6
Inflammatory arthritides, versus spondylosis, 125
Inflammatory bowel disease, arthritis associated

with, 332
Inflammatory diseases, 314-35

infectious, 314-28
noninfectious, 328-34

Instantaneous axis of rotation, of ligaments, 12
Instrumentation constructs. See also Spinal fusion

and instrumentation
for metastatic epidural spinal cord compression,

192f, 193
Interferon beta therapy, for multiple sclerosis,

274-75
Intermediate zone, of spinal cord, 17f, 18
Intermittent claudication

causes of, 143-44
neurogenic. See Neurogenic intermittent

claudication
International Medical Society of Paraplegia

(IMSOP), spinal cord injury classification of,
62, 63f, 63t

Interspinous ligament, anatomy of, 12f, 13, 13f
Intervertebral disc

anatomy of, 4-6, 5f, 6f, 9-11, l0f
annular bulging of. See Annulus fibrosus, bulging

of
deformation of, 126, 126f, 128f-130f
degenerative disease of, 124. See also

Intervertebral disc herniation; Spondylosis
herniation of. See Intervertebral disc herniation
sequestered or free fragment, 152
shape changes of, 5-6
water content of, age-related decline in, 6, 125

Intervertebral disc herniation, 152-58
causes of, 11, l1f
cervical, 153-54, 154f, 155f, 156

pain secondary to, 103-4, 103f
clinical features of, 153-56
dorsolateral, 126, 130f
lumbar. See Lumbar disc herniation
management of, 115-16, 156-58
neural compression associated with, stages of, 153
pain associated with, 95
pathology of, 153
surgery for, 157
thoracic, 154-55

Intervertebral foramina, metastasis to, 171, 171f
Intervertebral motion segment. See Segmental

motion
Intracranial pressure, in spinal tumors, 83
Intradiscal pressure

fluid movement and, 127-28, 131f
in pathophysiology of disc degeneration, 125
posture and, 6, 6f

Intradural arachnoid cysts, 350-51, 351f
Intradural-extramedullary tumors, 78, 79t, 206-17

epidermoid and dermoid cysts and teratomas as,
225-26
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Intradural-extramedullary tumors—continued
leptomeningeal metastases as, 207. See also

Leptomeningeal metastases
lipomas as, 226-27
meningioma as, 207-12
nerve sheath tumors as, 212-17
vascular malformations and vascular tumors as,

217-25
versus cervical spondylosis, 141

Intradural lipoma, 226-27
Intramedullary abscess, 323-25
Intramedullary diseases, 266-303, 267t
Intramedullary hemorrhage, 352
Intramedullary metastases, 233-39

case illustration of, 235-37, 236f
clinical features of, 234-35, 235t
differential diagnosis of, 237-38, 237t
imaging studies of, 235
laboratory studies of, 235
location of, 234
pathological findings in, 234
primary tumor types in, 234
therapy for, 238-39

Intramedullary tuberculoma, 327
Intramedullary tumor(s), 227-39

astrocytoma as, 230-32
ependymoma as, 227-30
syringomyelia associated with, 344, 346
versus cervical spondylosis, 141
versus extramedullary tumors, 75, 78-83, 80t

Intrathecal agents, myelopathy due to, 287-88
Intravenous drug abuse, spinal epidural abscess

and, 315
Inverted finger flexors, 138
Isometric exercises

for back pain, 117f, 118-19
for neck pain, 118f, 119

Jefferson fracture, 360f, 361, 362
Judicial hangman's fracture, 360-61, 360f
Juvenile arteriovenous malformations, 218t, 220,

222

Kidney cancer
intramedullary spinal cord metastasis caused by,

234
metastatic spinal cord compression caused by,

174, 175t-176t
Klippel-Feil syndrome

spinal stenosis associated with, 144
vascular malformations associated with, 222

Kyphoscoliosis
extradural arachnoid cysts and, 349
syringomyelia and, 345

Kyphosis
cervical, 131, 132, 132f, 143
thoracic, 24f, 25-26, 133

Laboratory studies, in pain assessment, 111-12
Lactic acid, in leptomeningeal metastases, 255

Lactic dehydrogenase isoenzyme pattern, in
leptomeningeal metastases, 255

Lacunar infarction, 296
Lamina, anatomy of, 7
Laminectomy

for astrocytoma, 232
for ependymoma, 230
length of, inappropriate, 35
for lumbar spinal stenosis, 151-52
for meningioma, 211
for metastatic epidural spinal cord compression,

190-91, 191f, 193
for nerve sheath tumors, 216
for spine trauma, 380, 381f
for syringomyelia, 348
width of, inappropriate, 35

Laseguesign, 105-6, 107-8, 108f
Lateral column disease, with posterior column

disease, 70-71
Lateral corticospinal tract, 20f, 22
Lateral extracavitary approach, 381-82, 382f
Lateral sclerosis, amyotrophic, versus cervical

spondylosis, 141
Lateral spinothalamic tract, 20-21, 20f
Lathyrism, myelopathy in, 287
Leptomeningeal metastases, 207, 245-62

biochemical markers of, 254—56
case illustration of, 256-59
cerebral signs and symptoms of, 250-51, 251t
cerebrospinal fluid analysis of, 252-54, 252t-253t
clinical anatomy of, 245-46, 246f
clinical manifestations of, 249-52
cranial nerve signs and symptoms of, 251-52,

251t
imaging studies of, 256, 257f-258f
leukemia causing, 247-48, 253
lymphoma causing, 248, 253, 253t
pathogenesis of, 246-47
pathological findings in, 247-48, 248f
patient approach in, 259-60
prevalence of, 248-49
solid tumors causing, 248, 252-53, 252t
spinal signs and symptoms of, 250, 250t
therapy for, 260-61
versus intramedullary spinal cord metastasis,

237t, 238
Leptomeninges, anatomy of, 245, 246f
Leukemia, leptomeningeal metastases from,

247-48, 253
Lhermitte's sign, 99

in radiation myelopathy, 237, 289-90
in spinal tumors, 80

Ligaments
anatomy of, 11-14, 12f
injuries to, 366
location of, 5f
moment arms of, 12-13, 12f, 13f
neutral zone of, 13, 14f

Ligamentum flavum
anatomy of, 12f, 13, 13f
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hypertrophy and buckling of, 127
innervation of, 94

Lindau disease, 223
Lipoma

epidural, 196, 198, 198f
extradural, 196
intradural, 226-27

Liver disease, myelopathy associated with, 293-94
Long instrumentation constructs, for metastatic

epidural spinal cord compression, 192f,
193

Lordosis, cervical, 131, 132f, 143
Lower cervical spine

biomechanics of, 27f, 29
lesions of, 75-76

Lower lumbar spine, biomechanics of, 29-30
Lower motor neuron dysfunction

as form of radiation myelopathy, 291
in leptomeningeal metastasis, 250, 250t

Lumbar disc herniation, 155-58
clinical features of, 155-56
frequency of

by age, 155, 155t
by disc level, 155, 156t

imaging studies of, 156, 157f-158f
management of, 115, 156-57
pain secondary to, 104, 104f

Lumbar puncture
in arachnoid cysts, 349
in cauda equina syndrome, 333
epidermoid tumors after, 225
in epidural spinal cord compression, 180-81
neurological deficits after, 180-81
in spinal epidural abscess, 321

Lumbar spinal stenosis, 146, 146f
laboratory and imaging studies of, 149-51, 150f
management of, 151-52
signs and symptoms of, 148, 148t, 149

Lumbar spine
dorsal element fractures of, 365, 367f
herniation of. See Lumbar disc herniation
injuries to, neurological grading system of, 64t
lower, biomechanics of, 29-30
posture-induced pressure changes in, 6, 6f
scoliotic deformity of, 126, 133, 133f
spondylotic degenerative process in, 133-34
upper and middle, biomechanics of, 29
ventral approach to, 382, 383f

Lumbo-sacral-pelvic fusion and instrumentation,
384f, 385

Lumbosacral region
biomechanics of, 29-30
metastasis to, 177
translational stresses on, 24f, 26-27, 134, 134f

Lung cancer
intramedullary spinal cord metastasis from, 234,

238
leptomeningeal metastasis from, 249, 261
metastatic spinal cord compression from, 174,

175-76, 175t-176t

Lupus erythematosus, systemic, myelopathy in, 270,
299

Lyme disease, 286-87
Lymphoma

leptomeningeal metastases from, 248, 253, 253t
metastatic spinal cord compression caused by, 174,

175t-176t, 176
paravertebral, 171, 171f

Magnetic resonance imaging (MRI)
in acute transverse myelitis, 269-70
in arachnoid cysts, 350f, 351, 351f
in astrocytoma, 232, 233f
in cauda equina syndrome, 333-34
in cervical disc herniation, 154, 155f
in cervical spondylosis, 139, 140, 140f
in ependymoma, 229, 230f
in evaluation of spinal pain, 92, 112
in hemangioblastomas, 224, 225f
in intramedullary spinal cord abscess, 324
in intramedullary spinal cord metastasis, 235
in leptomeningeal metastases, 256, 258f
in lumbar disc herniation, 156, 158f
in lupus myelopathy, 299
in meningioma, 211, 212f
in metastatic spinal cord compression, 186f,

187-88, 187f
in multiple sclerosis, 273, 274f
in nerve sheath tumors, 216
in rheumatoid arthritis, 329f, 330-31, 330f
in spinal epidural abscess, 316f, 321
in spinal epidural hemorrhage, 353, 353f
in spinal subdural hemorrhage, 354, 355f
in syringomyelia, 343f, 344-45, 346, 346f, 347
in tuberculous spondylitis, 325f, 326
in vascular diseases of spinal cord, 296
in vascular malformations, 222-23

Manipulation, for back and neck pain, 114
Medical follow-up, of spinally impaired patient,

390-91
Megaloblastic anemia, subacute combined

degeneration associated with, 292
Melanoma, intramedullary spinal cord metastasis

caused by, 234
Meninges, anatomy of, 15-16, 15f
Meningioma, 207-12

age distribution in, 209
gender distribution in, 209
imaging studies of, 210f, 211, 212f
laboratory studies of, 211
location of, 207-8, 208f
multiple, 208-9, 209f
pathology of, 208-9, 209f
signs and symptoms of, 209-11
therapy for, 211-12

Meningitis
syphilitic, 284
tuberculosis, 327

Meningomyelitis, syphilitic, 284
Meningovascular syphilis, 284
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Mental status change, in leptomeningeal
metastases, 251

Metastatic cancer. See also Epidural tumors,
metastatic; Intramedullary metastases;
Leptomeningeal metastases

mechanisms of, 168-69, 168f, 169f
Methotrexate, intrathecal, myelopathy due to, 288
Methylene blue, intrathecal, myelopathy due to,

287
Methylprednisolone

for multiple sclerosis, 275
for spine trauma, 388

Middle lumbar spine, biomechanics of, 29
Missile injuries, 369
Mobility gains, after spinal cord injuries, 388
Morvan's syndrome, 345
Motor disturbances

in epidural metastasis, 178-79
in foramen magnum tumors, 72
as form of radiation myelopathy, 291
in intramedullary spinal cord metastasis, 234
in intramedullary versus extramedullary tumors,

75, 80-81, 80t
in leptomeningeal metastasis, 250, 250t
localization and characterization of, 56
in meningioma, 209-10
in nerve sheath tumors, 215
and segmental level of spinal cord dysfunction,

53, 56
signs and symptoms of, 41-44
in syringomyelia, 345

Motor neuron disease, hereditary, 300t
Multiple meningiomas, 208-9, 209f
Multiple myeloma, 193-94
Multiple sclerosis, 271-75

from acute transverse myelitis, 270-71
clinical and laboratory features of, 271-74, 271t,

274f
pathology of, 271, 272f
therapy for, 274-75
versus cervical spondylosis, 141

Muscle bulk, assessment of, 42
Muscles

anatomy of, 14
innervation of, 395—97
specific functions of, 395-97

Muscle spasm, pain associated with, 99-100
Muscle strength, assessment of, 41-42, 41t, 42t
Muscle stretch reflex, 18, 51, 52f
Muscle testing, in pain assessment, 110
Muscle tone, assessment of, 42-43
Myalgic encephalomyelitis, benign, 277
Mycobacterium tuberculosis infection

in spinal epidural abscess, 319
in tuberculous spondylitis, 325

Myelitis. See also Myelopathy(ies)
necrotizing, acute, 276
noncompressive causes of, 267t
postinfectious (parainfectious), 268-71, 268t

transverse, acute, 268-71
viral, 276-84
zoster-associated, 278-79, 283

Myelography
in cancer patients with back pain, 184
in cauda equina syndrome, 333
in cervical spondylosis, 139
in ependymoma, 229
in intramedullary spinal cord abscess, 324
in intramedullary spinal cord metastasis, 235
in leptomeningeal metastases, 256, 257f
in lumbar spinal stenosis, 149-50, 150f
in meningioma, 210f, 211
in metastatic spinal cord compression, 183-84
in nerve sheath tumors, 215
in rheumatoid arthritis, 330
in spinal epidural abscess, 321
in vascular malformations, 222

Myeloma
metastatic spinal cord compression caused by,

174, 175t-176t, 176
multiple, 193-94

Myelopathy(ies). See also Cervical spondylotic
myelopathy; Myelitis

AIDS-related, 280, 282-84, 282f, 283f
cervical, painless, and level of spinal cord

compression, 59-60, 60t
classification of, 331t
complete, 66-67, 389
HTLV-1-associated, 279-80, 281t
from liver disease, 293-94
metabolic, 292-94
necrotizing, versus intramedullary spinal cord

metastasis, 237t, 238
noncompressive, 266-303, 267t
nutritional, 293
paraneoplastic, 299-300
radiation. See Radiation myelopathy
in Sjogren's syndrome, 297-99
in systemic lupus erythematosus, 299
toxic, 267t, 287-92
transverse. See Transverse myelopathy
vacuolar, in AIDS patients, 282, 282f, 283f

Myeloradiculopathies, in AIDS patients, 283
Myofascial pain syndrome, 99-100
Myotatic reflex, 18, 51, 52f
Myotomal pain, 98-99, 98f
Myotome, 41

Neck cancer, 234, 238
Neck pain

anatomical basis of, 92-94, 93f
management of, 113-15

Neck surgery, radiologic indications for, 331
Necrotizing myelitis, acute, 276
Necrotizing myelopathy, versus intramedullary

spinal cord metastasis, 237t, 238
Nerve root(s)

anatomy of, 16-17
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compression of
intervertebral disc herniation causing, 153
pain associated with, 101

dorsal. See Dorsal root
dysfunction of

differential diagnosis of, 48t-49t
dorsal, 44-51
ventral, 41-44, 44t
versus peripheral nerve lesion, 52-53

irritation of, referred pain from, 98, 98f. See also
Radicular pain ventral. See Ventral root

Nerve sheath tumors, 212-17
age distribution in, 214
case illustration of, 216-17, 217f
gender distribution in, 214
imaging studies of, 215-16
laboratory studies of, 216
location of, 213-14
pathology of, 212-13, 213f-214f
signs and symptoms of, 214-15
therapy for, 216

Neural element (cell) injury
biomechanics of, 31f, 33-35
iatrogenic, 33f, 35
mechanisms of, 30-32
primary, 31
secondary, 31

Neural element compression, 31f, 34, 101
Neurofibroma, 212-17, 213f
Neurogenic arthropathies, in syringomyelia, 345
Neurogenic bladder, and segmental level of spinal

cord dysfunction, 60-61
Neurogenic claudication, pain in, 101
Neurogenic intermittent claudication

in arteriovenous malformations, 221
causes of, 144
due to cauda equina compression

clinical features of, 148-49, 148t
laboratory and imaging studies of, 149-51,

150f
management of, 151-52
pathogenesis of, 146-47, 147f
of spinal cord origin

clinical features of, 147, 147f
imaging studies of, 140f, 145f, 147-48

Neurogenic pain, in multiple sclerosis, 273-74
Neurological deficits

after lumbar puncture, 180-81
after spinal cord injuries

classification of, 62-64, 62t, 63f, 63t, 64t
delayed, 388-89

Neurological examination, in pain assessment,
110-11

Neurological signs, in foramen magnum tumors, 72
Neuromyasthenia, epidemic, 277
Neuromyelitis optica, 275-76
Neuronal degenerations, spinal cord involvement

in, 300, 300t
Neuropathic pain, in syringomyelia, 345, 347

Neurosyphilis
parenchymal form of, 284-85, 285f
treatment of, 285-86

Neutral zone, of ligaments, 13-14, 14f
Noncompressive myelopathies, 266-303, 267t
Non-Hodgkin's lymphoma, leptomeningeal

metastasis from, 249
Nonpyramidal tracts, 23
Nuchal ligament, innervation of, 94
Nucleus pulposus

anatomy of, 4-5, 5f
composition of, 5
movement of

with application of eccentric force, 11, 11f, 129,
131f

in dorsolateral disc herniation, 126, 130f
Nutrition, in spinally impaired patient, 379
Nutritional myelopathy, 293
Nystagmus, in spinal tumors, 84

Occipital condyle fracture, 361-62
type III, 360f, 363

Occipitocervical fusion and instrumentation, 383f,
385

Odontoid process fracture, type II, 360f, 363
Ondine's curse, 60
Onlay bone grafts, 385f, 386
OPLL (ossification and hypertrophy of the posterior

longitudinal ligament), degenerative process
in, 127, 130f

Orthocresyl phosphate, myelopathy secondary to,
287

Orthosis-assisted ambulation, after spinal cord
injuries, 388

Orthostasis, in spinally impaired patient, 378
Osteoarthritis, 124
Osteoblastoma, 195, 197f
Osteochondrosis, 133, 158
Osteogenic sarcoma, 194
Osteomyelitis, vertebral, spinal epidural abscess and,

315,317,319
Osteophyte formation, from annulus fibrosus

bulging, 126, 126f, 128f-129f. See also
Spondylosis

Osteoporosis, 158-59
Oxygenation, hyperbaric, radiation myelopathy and,

289

Pachymeningitis, syphilitic, 284
Pain, 91-119

assessment of. See Pain assessment
back. See Back pain
causes of, 102t
chronic, 100
classification of, 94, 95t
coccygeal, 229
in degenerative joint disease, 95-96
dermatomal, 98, 98f
from disc herniation, 103-4, 103f, 104f
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Pain—continued
in dorsal root dysfunction, 45-47
in ependymoma, 228-29
in epidural metastasis, 177-78, 178t
funicular, 79-80, 99
hip,109-10
in intramedullary versus extramedullary tumors,

79-80, 80t
in leptomeningeal metastasis, 250, 250t
local, 45-46, 94-96
management of, 113-19, 391
meningioma, 209
in multiple sclerosis, 273-74
from muscle spasm, 99-100
myofascial, 99-100
myotomal, 98-99, 98f
neck, 92-94, 93f, 113-15
in nerve sheath tumors, 214-15
from neural or dural sac compression, 101
in neurogenic claudication, 101
nonorganic, test for, 108
in paravertebral muscle spasm, 94, 99
in piriform syndrome, 100-101
radicular. See Radicular pain
referred. See Referred pain
from spinal instability, 101
in spinal stenosis, 105
in spinal tumors, 79-80, 95
from spondylolisthesis, 104-5
in syringomyelia, 345, 347
in ventral root dysfunction, 43-44, 98, 98f

Pain assessment, 101-13
history in, 102-5
imaging studies in, 92, 112-13
laboratory studies in, 111-12
neurological examination in, 110-11
physical examination in, 105-10

Papilledema, in spinal tumors, 83
Paraparesis

spastic, tropical, 279-80, 281t
in spinal epidural abscess, 319

Parasitic disease, spinal involvement in, 328
Parasympathetic efferents, cutaneous distribution

of, 44
Paravertebral abscess, in tuberculous spondylitis, 325
Paravertebral lymphoma, 171, 171f
Paravertebral muscle spasm, pain associated with,

94, 99
Paravertebral space, metastasis to, 171, 17lf
Paresis, in arteriovenous malformations, 221
Patient management, 377-91
Patrick's maneuver, 109-10
Pediatric spine injury, 367, 368f, 369
Pedicle

anatomy of, 9
metastasis to, 170, 170f

Penetrating spine injuries, 369-70, 370f
Penicillin

intrathecal, myelopathy due to, 287
for neurosyphilis, 286

Perimedullary arteriovenous malformations, 218t,
220, 222

Peripheral nerve lesion
differential diagnosis of, 52-53, 54t-55t
versus spinal shock, 43

Peripheral neuropathy, differential diagnosis of,
110-11, 111f

Physical examination, in pain assessment, 105—10
Physical restoration, in spinally impaired patient,

390
Pia-glial membrane, 245
Pia mater, anatomy of, 15f, 16, 245, 246f
Piriform syndrome, sciatica and, 100-101
Plantar reflex, and corresponding spinal roots,

51-52, 52t
Poliomyelitis, anterior, acute, 276-78
Poliomyelitis virus, 276-77
Polioneuritis, acute, 277
Posterior column

anatomy of, 19-20, 19f, 20f
disease of, with lateral column disease, 70-71
irritation of, funicular pain associated with, 99

Posterior horn, 17-18, 17f
Posterior longitudinal ligament

anatomy of, 12f, 13, 13f
ossification and hypertrophy of, degenerative

process in, 127, 130f
Posterior spinal arteries, 24-25
Posterior spinal cord artery, infarction of, 295-96
Posterior spinal vein, 25
Postpoliomyelitis syndrome, 278
Posture

kyphotic. See Kyphosis
lordotic. See Lordosis
lumbar intradiscal pressure and, 6, 6f
normal, 134

Pott's disease, 325
Pressure sores, prevention of, in spinally impaired

patient, 391
Prostate cancer, metastatic spinal cord compression

caused by, 174-75, 175t-l76t, 176
Pseudobasilar invagination, in rheumatoid arthritis,

330
Pseudoclaudication, 148
Pseudomonas infection, in spinal epidural abscess,

319
Psoas, 14
Psoriatic arthritis, 332
Psychological adaptation, of spinally impaired

patient, 390
Pyogenic infection, spinal cord compression from,

314-25

Quadratus lumborum, myofascial pain syndrome
and, 100

Quadriplegia, ventilator-dependent, 389

Radiation myelopathy, 288-91
acute transverse myelopathy as form of, 291
chronic progressive, 289-91
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classification of, 289t
early-delayed, 289, 290f
late-delayed, 289-91
Lhermitte's sign in, 237, 289-90
lower motor neuron dysfunction as form of, 291
transient, 289, 290f
versus intramedullary spinal cord metastasis,

237-38, 237t
Radiation therapy. See Radiotherapy
Radicular arteries, 23, 24
Radicular pain

case illustration of, 47, 50
dermatomal, 98, 98f
in epidural metastasis, 178
in leptomeningeal metastasis, 250, 250t
mechanism of, 104, 104f
myotomal, 98-99, 98f
projection sites for, 48t-49t
signs and symptoms of, 47
in spinal epidural abscess, 319
in spinal tumors, 79
versus sensory disturbances, 50

Radicular veins, 25
Radiculitis, herpes zoster, 283
Radiculomyelitis

cytomegalovirus, 283
tuberculous, 327

Radiculomyelopathy, spondylotic, cervical, 142
Radiculopathy, spondylotic, cervical. See Cervical

spondylotic radiculopathy
Radiography

in cauda equina syndrome, 333
in cervical spondylosis, 139
in ependymoma, 229
in evaluation of spinal pain, 92, 112-13
in intramedullary spinal cord metastasis, 235
in lumbar spinal stenosis, 149
in metastatic spinal cord compression, 181-83,

182t
in nerve sheath tumors, 215
in rheumatoid arthritis, 330
in spinal epidural abscess, 321

Radionuclide bone scanning, in metastatic spinal
cord compression, 183

Radiotherapy
for astrocytoma, 232
for ependymoma, 230
for intramedullary spinal cord metastasis, 238
for leptomeningeal metastases, 260
for metastatic epidural spinal cord compression,

190
Ranawat classification of myelopathy, 331t
Range of motion, of ligaments, 13, 14f
Reactive arthritis, 332
Reconstructive surgery, after spinal cord injuries,

388
Rectus abdominous, 14
Recurrent meningeal nerve, 92-93
Referred pain

from nerve root irritation. See Radicular pain

from spine, 46-47, 46f, 96-97, 97f
visceral, 47, 47f, 105

Reflex bladder, and segmental level of spinal cord
dysfunction, 60-61

Reflexes. See Deep tendon reflexes; Superficial
reflexes; specific reflex

Rehabilitation
cost considerations in, 379
goals and expectations of, 389-90
techniques for, 390-91

Reiter's syndrome, 332
Respiratory disturbances

and segmental level of spinal cord dysfunction, 60
in spinally impaired patient, 378-79

Reticulospinal tract, 23
Retroperitoneal approach, to lumbar spine, 382,

383f
Reversed-straight-leg-raising test, 109, 109f
Rheumatoid arthritis, 329-31

atlanto-axial subluxation in, 329, 330-31, 330f
clinical features of, 330
degenerative process in, 127
dorsal subluxation in, 329-30
imaging studies of, 329f, 330-31, 330f
natural history of, 331
therapy for, 331

Rib cage, in spinal stabilization, 14
Rigidity, assessment of, 43
Rotatory subluxation injuries, 360f, 363, 368f

Sagittal bowstring effect, 31f, 34
Sarcoidosis, neurologic involvement in, 328-29
Scheuermann's disease, 133, 158
Schistosomiasis, spinal involvement in, 328
Schmorl's nodes, 125, 152, 158
Schwannoma, 212-17, 214f
Sciatica

management of, 115-16
and piriform syndrome, 100-101

SCIWORA (spinal cord injuries without
radiographic abnormality), 367, 369

Scoliosis. See also Kyphoscoliosis
lumbar, 126, 133, 133f
osteophyte formation associated with, 126,

128f-129f
Screw-rod implant and interbody fusion, 386f-387f,

387
Seatbelt fracture, 364t, 365, 366f
Segmental motion

biomechanics of, 128-29, 131f
dysfunctional, 30, 371, 373, 374f
spinal level and, 7, 8f

Segment-pointer muscles, in ventral root
dysfunction, 43, 44t

Sensory disturbances
in arteriovenous malformations, 221
characteristic patterns of, 58-59, 59f
in epidural metastasis, 179
false localizing signs in, 59-60
in foramen magnum tumors, 72-73
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Sensory disturbances—continued
in intramedullary spinal cord metastasis, 234
in intramedullary versus extramedullary tumors,

80t, 81
in meningioma, 209
in nerve sheath tumors, 215
and segmental level of spinal cord dysfunction,

57-60
signs and symptoms of, 44-51
in syringomyelia, 345
versus radicular pain, 50

Sensory function return, after spinal cord injuries,
389

Sensory testing, in pain assessment, 110-11, 111f
Sexual dysfunction

in nerve sheath tumors, 215
and segmental level of spinal cord dysfunction, 61

Shoulder-abduction test, 106, 107f
Sinuvertebral nerve, 92-93
Sjogren's syndrome, central nervous system

involvement in, 297-99
Soft tissue involvement, in pathophysiology of disc

degeneration, 127
Solid tumors, leptomeningeal metastases from, 248,

252-53, 252t
Somatosensory evoked potentials

in astrocytoma, 232
in HAM/TSP, 280
in spinal tumors and syringomyelia, 346

Spasticity
assessment of, 42-43
and corticospinal tract dysfunction, 22-23

Spastic paraplegia, hereditary, 300t
Sphincter disturbances

in epidural metastasis, 179
in intramedullary spinal cord metastasis, 234
in meningioma, 210-11
in nerve sheath tumors, 215

Spinal arachnoiditis, 288
Spinal canal, anatomy of, 7-9, 9f
Spinal column

anatomy of, 4-16, 4f-6f
biomechanics of, 27-35
injury to, segmental level in, 64
metastasis to, 170-71, 170f

Spinal cord
anterior horn of, 17, 17f
arterial supply of, 67f
ascending pathways of, 19-21, 19f
compression of. See Spinal cord compression
coronal tethering of, 31f, 34-35
decompression of

dorsal. See Laminectomy
ventral. See Ventral decompression

descending pathways of, 19f, 20-22
distraction of, 31f, 34
dorsal segment of. See Dorsal segment
dysfunction of

dorsal, 44-51

segmental level of, 53, 56-61
ventral, 41-44, 44t

gray matter of. See Gray matter
gross anatomy of, 16-17, 16f
infarction of. See Spinal cord infarction
injuries to. See Spinal cord injuries; Spinal cord

injury syndrome(s)
innervation of, 41, 395-97
intermediate zone of, I7f, 18
kinking of, after laminectomy, 35
lesions of, in cancer patients, classification of,

299t
and muscle stretch reflex, 18
posterior horn of, 17-18, 17f
sagittal tethering of, 31f, 34
spirochetal disease of, 284-87
vascular anatomy of, 21f, 23-25
vascular diseases of, laboratory evaluation of, 296
ventral segment of

anatomy of, 4-6
innervation of, 92-93

white matter of, 15f, 19, 31
Spinal cord arteriovenous malformations, 218t,

220, 222
Spinal cord compression

biomechanics of, 31f, 34
epidural, 166

cerebrospinal fluid analysis in, 180
clinical presentation in, 177-80, 178t
corticosteroids for, 189, 190
frequency of, 167—68
imaging studies of, 181-88
interval from primary tumor diagnosis to, 177
level of, 177
lumbar puncture in, 180-81
metastatic sites in, 169-71, 170f-l72f
in multiple myeloma, 193, 194
neurologic signs and symptoms in,

pathophysiology of, 173-74, 175f
pathology of, 171-73
patient approach in, 188-89
primary tumor types causing, 174-76,

175t-176t
radiation therapy for, 190
surgery for, 190-93, 191f-192f

intervertebral disc herniation causing, 153
level of, in painless cervical myelopathy, 59-60,

60t
neurogenic intermittent claudication causing,

148-51, 148t, 150f
osteoporosis causing, 159
pain associated with, 101
pyogenic infections causing, 314-25
in rheumatoid arthritis, 329, 329f, 330-31, 330f
spinal hematoma causing, 354

Spinal cord infarction
arterial, 67-68, 68f, 294-96
causes of, 294, 295t
from epidural spinal cord compression, 173
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frequency of, 294
lacunar, 296
prognosis in, 294
venous, 296

Spinal cord injuries, 359-73
bracing after, 388
clinical examination of, 62-64
closed, recovery from, 369
compressive

neural element distortion in, 31f, 34
secondary injury in, 33

defined, 377
delayed neurological changes after, 388-89
diagnosis of

safe assumptions in, 61, 62t
spinal clues in, 61-62, 62t

function augmentation after, 388
incidence of, 377
ligamentous, 366
mobility gains after, 388
neurological classification of, 62-64, 62t, 63f, 63t,

64t
nonoperative management of, 378-79
pediatric, 367, 368f, 369
penetrating, 369-70
pharmacological management of, 387-88
prevention of, 377-78
prognostication and outcome prediction in,

388-89
rehabilitation after, 379, 389-91
secondary cell injury in, 33
segmental level of, 64
stability determination and management in,

370-73, 37lt, 372f-374f
subaxial, 363-67, 371t
surgery for, 379-87
syringomyelia associated with, 344
upper cervical spine, 359-63
without radiographic abnormality, 367, 369

Spinal cord injury syndrome(s), 66-71
anterior horn, 70
anterior horn and pyramidal tract syndrome as,

70
arterial infarction as, 67-68, 68f
Brown-Sequard syndrome as, 68-69
central, 69-70, 69f
combined posterior and lateral column disease as,

70-71
complete myelopathy as, 66-67

Spinal cord syndrome. See also Spinal cord injury
syndrome(s)

spinal shock as, 65-66
Spinal fusion and instrumentation, 385-87

bone grafting in, 385-86, 385f
dorsal, 383f, 385
for lumbar spinal stenosis, 151
lumbo-sacral-pelvic, 384f, 385
occipitocervical, 383f, 385
ventral, 386-87, 386f-387f

Spinal hemorrhage, 351-56
differential diagnosis of, 354
epidural, 353, 353f
intramedullary, 352
subarachnoid, 84, 352-53
subdural, 353-54, 355f
therapy for, 354

Spinal instability
after laminectomy, prediction of, 151-52
after subaxial spine injuries, quantitation of, 371t
categorization of, 30, 370-71, 373
column concepts of, 28f, 30, 370, 372f
definition of, 30
dysfunctional segmental motion as type of, 30,

371, 373, 374f
glacial, 30, 371
limited, 30, 101, 371, 373f
management of. See Stabilization procedure
objective assessment of, 370, 371t
overt, 30, 101, 371, 372f
pain from, 101

Spinally impaired patient
blood pressure and orthostasis in, 378
complications in, 391
decubiti prevention in, 391
deep vein thrombophlebitis prophylaxis in, 378
medical follow-up of, 390-91
nutrition in, 379
pain management in, 391
pulmonary complications in, 378-79
rehabilitation of, 379, 389-91
spinal shock in, 378
turning technique in, 378
urological and bowel management in, 391

Spinal manipulative therapy, for back and neck pain,
114

Spinal shock
characteristics of, 65
defined, 65
evolution of, 65-66
and segmental level of spinal cord dysfunction, 61
signs and symptoms of, 43
in spinally impaired patient, 378

Spinal stability. See also Spinal instability
definition of, 30
rib cage in, 14

Spinal stenosis
acquired, 144-46
cervical, 145, 145f
classification of, 144, 144t
congenital-developmental, 144
neurogenic claudication secondary to, 146-47,

147f
pain secondary to, 105

Spinal tenderness, in spinal epidural abscess, 319
Spinal tumors

autonomic disorders in, 81-82
classification of, by location, 78, 79t, 207f
clinical presentation of, 79-83
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Spinal tumors—continued
cranial nerve disturbances in, 83-84
epidural. See Epidural tumors
extramedullary versus intramedullary, 75, 78-83,

80t
foramen magnum, 71-74, 72f
frequency of, 78-79
intracranial pressure and dementia in, 83
intradural-extramedullary. See Intradural-

extramedullary tumors
intramedullary. See Intramedullary tumor(s)
motor disturbances in, 75, 80-81, 80t
nerve sheath, 212-17
nystagmus in, 84
pain associated with, 79-80, 95
sensory disturbances in, 80t, 81
subarachnoid hemorrhage in, 84, 352
syringomyelia associated with, 344, 346
temporal course of, 82-83
vascular. See Vascular tumors
versus cervical spondylosis, 141

Spine. See also Cervical spine; Lumbar spine;
Thoracic spine

anatomy of, 3-25
biomechanics of, 27-35
configuration of, 24f, 25-27, 129-34, 132f-134f
degenerative disorders of, 124-59
functions of, 3
injuries to. See Spinal cord injuries

Spinocerebellar ataxia, 300t
Spinothalamic tract

anatomy of, 20-21, 20f
irritation of, funicular pain associated with, 99
lamination of, 20f

Spinous processes, anatomy of, 11
Spirochetal disease of spinal cord

Lyme disease as, 286-87
syphilis as, 284-86, 285f

Spondylitis
ankylosing. See Ankylosing spondylitis
tuberculous, 325-27, 325f

Spondyloarthropathies, neurologic complications
of, 332-34, 332f

Spondylolisthesis
of axis, traumatic, 360f, 361
pain secondary to, 104-5

Spondylosis
cervical. See Cervical spondylosis
defined, 125
degenerative process in, 127
disc deformation in, 126, 126f, 128f-130f
disc degeneration and, pathophysiology of,

125-34
extradiscal soft tissue involvement in, 127
osteophyte formation in, 125, 126, 126f,

128f-129f
Spondylotic myelopathy. See Cervical spondylotic

myelopathy
Spondylotic radiculomyelopathy, cervical, 142

Spondylotic radiculopathy, cervical. See Cervical
spondylotic radiculopathy

Spondylotic stenosis, 145-46, 145f-146f
Stabilization procedure

for metastatic epidural spinal cord compression,
191-92, 191f, 193

for spinal epidural abscess, 322, 322f
Stab wounds, spinal cord injuries from, 369-70, 370f
Staphylococcus aureus infection, in spinal epidural

abscess, 319-20
Straight-leg-raising test, 105-6, 107-8, 108f

crossed, 108-9
reversed, 109, 109f

Strengthening exercise
for back pain, 117f, 118-19
for neck pain, 118f, 119

Stretching exercise, 116, 117f, 118
Subacute combined degeneration, due to vitamin

B12 (cobalamin) deficiency, 141, 292-93,
292f, 302

Subarachnoid hemorrhage, 84, 352-53
Subarachnoid space, 15-16, 245, 246f

cerebrospinal fluid flow within, 246
Subaxial spine injuries, 363-67

acute instability after, quantitation of, 371t
patterns of injury in

factors affecting, 363-64, 364f, 364t
injury mechanisms and, 364-67, 365f-368f

Subdural empyema, versus spinal epidural abscess,
319

Subdural hemorrhage, 353-54, 355f
Subdural space, 15
Sudden death, in atlanto-axial subluxation

associated with rheumatoid arthritis, 331
Superficial reflexes

and corresponding spinal roots, 51-52, 52t
in pain assessment, 111
and segmental level of spinal cord dysfunction,

56-57
Superior articular facet, 6
Surgery

for cervical spondylotic myelopathy, 132-33,
142-43

for epidural spinal cord compression, 190-93,
191f-192f

for intervertebral disc herniation, 157
neck, radiologic indications for, 331
reconstructive, after spinal cord injuries, 388
for sciatica secondary to disc herniation, 115
for spine trauma, 379-87

indications for, 379
strategies in, 380-87
timing of, 380

Surgical drainage
of spinal epidural abscess, 322
of syrinx, 348-49

Survival, after spinal cord injuries, 389
Sympathetic efferents, cutaneous distribution of,

44, 45t
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Syphilis
case illustration of, 285
clinical and laboratory features of, 284-85, 285f
therapy for, 285-86

Syringomyelia, 341-49, 354-56
classification of, 341, 342t
clinical features of, 345-46, 345t
communicating, 342-44, 343f, 346
imaging studies of, 343f, 346-47, 346f
noncommunicating, 344—45
pathogenesis of, 342-45, 344f
pathology of, 341-42, 342f
temporal profiles of, 346
therapy for, 347-49
versus cervical spondylosis, 141

Syrinx drainage operations, 348-49
Systemic lupus erythematosus, myelopathy in, 299

Tabes dorsalis, 284-85, 285f
Taenia echinococcus, 328
Taenia solium, 328
Tectospinal tract, 23
Teratomas, epidermoid and dermoid, 225-26
Think First Foundation, 377, 378
Thiotepa, intrathecal, myelopathy due to, 288
Thoracic disc herniation, 154-55
Thoracic kyphosis, 24f, 25-26, 133
Thoracic spinal stenosis, 145-46, 148, 148t, 149
Thoracic spine

biomechanics of, 29
injuries to, neurological grading system of, 64t
lesions of, clinical features of, 76-77, 76f
metastasis to, 177
upper, lesions of, 75-76
ventral approach to, 381-82, 382f

Thoracolumbar junction
biomechanics of, 29
lesions of, 77

Toxic myelopathy, 267t, 287-92
Transcobalamin, 293
Transthoracic approach, ventral, 381-82, 382f
Transverse ligament of the atlas, rupture of, 360f,

362-63
Transverse myelitis, acute, 268-71

clinical features of, 269-70
Lyme disease and, 286
multiple sclerosis and, 270-71
pathogenesis of, 268-69
pathology of, 269
therapy for, 270-71

Transverse myelopathy
acute and subacute

as form of radiation myelopathy, 291
of unknown etiology, 300-302, 301t

defined, 267
differential diagnosis of, 267-68
noncompressive, 300-302, 301t

Transverse process, anatomy of, 11
Trauma, spine. See Spinal cord injuries

Trauma patients, spinal cord injury in,
characterization and quantitation of, 61—65

Treponema pallidum, 284
Triceps reflex, 75
Trigger points, 99
Tropical spastic paraparesis (TSP), 279-80, 281t
Tuberculoma, spinal, intramedullary, 327
Tuberculosis meningitis, 327
Tuberculous spondylitis, 325-27

clinical features of, 325f, 326
therapy for, 326-27

Tumor markers, of leptomeningeal metastases,
254-56

Tumors. See Spinal tumors
Turning technique, in spinally impaired patient,

378

Uncinate process, anatomy of, 7, 7f
Uncovertebral joint, anatomy of, 7
Upper cervical spine

injuries to, 359-63
clinical strategies for, 363
factors affecting, 359-60
injury mechanisms and, 360-63, 360f
patterns of injury in

tumors of, 74-75
Upper lumbar spine, biomechanics of, 29
Upper thoracic spine, lesions of, clinical features of,

75-76
Urological management, in spinally impaired

patient, 391

Vaccination, myelitis after, 268-71
Vacuolar myelopathy, in AIDS patients, 282, 282f,

283f
Varicella-zoster virus, myeloradiculopathies caused

by, 283
Vascular anatomy, 21f, 23-25
Vascular diseases, laboratory evaluation of, 296
Vascular malformations, 218-23. See also

Arteriovenous malformations
classification of, 217, 217t
clinical features of, 221-22, 221t
frequency of, 217-18
imaging studies of, 222-23
laboratory studies of, 222
neurologic manifestations of, pathogenesis of,

220
therapy for, 223

Vascular tumors
classification of, 217, 217t
clinical features of, 223-25, 224t, 225f
frequency of, 217-18

Vasopressin, in leptomeningeal metastases, 255-56
Venous hypertension

in arteriovenous malformations, 219, 220
in neurogenic claudication, 146-47, 147f

Venous infarction, 296
Ventilator-dependent quadriplegia, 389
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Ventral approaches, 380-82, 381f-383f
Ventral bone grafts, 385, 385f
Ventral decompression

for meningioma, 211-12
for metastatic epidural spinal cord compression,

191-92, 191f, 193
for spine trauma, 380-82, 381f-383f

Ventral fusion and instrumentation, 386-87,
386f-387f

Ventral root
dysfunction of, 41-44, 44t
irritation of, pain in, 43-44, 98, 98f

Ventral segment
anatomy of, 4-6
innervation of, 92-93

Ventral wedge compression fracture, 364, 365f
Ventriculomegaly, in spinal tumors, 83
Vertebra(e)

collapsed, due to osteoporosis, 159
typical, anatomy of, 5f

Vertebral body
anatomy of, 7, 7f, 14
compression of, 131, 132f
metastasis to, 170, 170f
resection of, for metastatic epidural spinal cord

compression, 191-92, 191f, 193
Vertebral column. See Spinal column
Vertebral compression strength, versus spinal level,

7, 8f
Vertebral fracture, in ankylosing spondylitis, 332,

332f
Vertebral osteomyelitis, spinal epidural abscess and,

315,317,319

Vertebral venous system, in cancer metastasis,
168-69, 168f, 169f

Vestibulospinal tract, 23
Vetches, consumption of, myelopathy secondary to,

287
Vignos and Archibald Scale of Muscle Strength, 41,

42t
Viral myelitis, 276-84

acute anterior poliomyelitis as, 276-78
postpoliomyelitis syndrome as, 278
zoster-associated, 278-79

Virchow-Robin space, 245-46
Visceral referred pain, 47, 47f, 105
Visual disturbances, in Devic's disease, 275-76
Vitamin B12 (cobalamin) deficiency, subacute

combined degeneration due to
described, 292-93, 292f, 302
versus cervical spondylosis, 141

Von Hippel-Lindau disease, syringomyelia
associated with, 344

Von Recklinghausen's disease
multiple meningiomas associated with, 208
nerve sheath tumors associated with, 213
syringomyelia associated with, 344

Well-being, augmentation of, in management of
back pain, 117-18

Werdnig-Hoffman disease, 300t
White matter

anatomy of, 15f, 19
secondary injury to, 31

Zoster-associated myelitis, 278-79


