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The American Journal of Neuroradiology 1980-1999
Where We Have Been: Where We Are Going

The January 2000 issue of the AJNR presents the
opportunity to reflect on the contributions of the
AINR to the field of neuroradiology since the publi-
cation of the first volume in January 1980 and to
speculate what we may see in its pages over the next
20 years. This 20-year retrospective is not intended
to be an extensive review of published works in neu-
roradiology; rather, it isintended to summarize briefly
and put into focus what the editors believe have been
the major contributions to the practice of neurora
diology, as published primarily in the AJNR. This
selectivity undoubtedly will lead to the omission of
some articles that readers might believe to be of equal
importance. In this brief 20-year historical review, the
editors of the AJNR intend to cover each of the major
areas of neuroradiology, as seen through the eyes of
the AJNR, and to give credit to those whose contri-
butions we believe significantly furthered our
Specialty.

Also, with the start of the new millennium (and
ignoring the curmudgeons who argue for January
2001 as the correct date of the millennium), we
speculate about what the next 20 years might bring
to our speciaty. It will be difficult for the reader
to view such speculations as outlandish, because
one only needs to look at the dramatic changes that
have occurred in neuroimaging and neurointerven-
tion since 1980 to be persuaded that, because sig-
nificant advances are within our reach, they will
eventually be in our grasp. Likewise, it will be dif-
ficult to judge the authors of this editorial too
harshly if all the predictions do not materialize, be-
cause the worst we could be accused of in this
“brainstorming’’ is wishful thinking.

The growth of the AJNR, both in terms of sub-
scriptions (now at 6201, including individual and
institutional subscriptions) and its impact on the
practice of neuroradiology worldwide, has been
substantial. The journal was nurtured and guided
through its infancy and into its preteen years
(1980-1989) by Juan Taveras, its founding editor.
After a mere 6 years of existence, the shared own-
ership of the AJNR by the American Roentgen Ray
Society and the American Society of Neuroradiol-
ogy passed to exclusive ownership of the journal
by the ASNR, certainly a sign of rapidly approach-
ing maturity. During its teenage years (1990—
1997), the AINR, under the leadership of Michael
Huckman, became increasingly influential in the
practice of neuroradiology by exerting its indepen-
dence as a self-publishing journal in 1991. The
journal now enters adulthood and, as such, needs
to take a broader and more worldly look at its mis-

sion and future. The masthead of the journal will
reflect this vision; the Editorial Board will be ex-
panded and become increasingly diverse, both geo-
graphically and according to areas of specialization
and expertise. These neuroradiologists, basic sci-
entists, and clinicians in other related speciatiesin
the neurosciences will contribute substantially to
the growth and influence of the journal in the fu-
ture. We anticipate periodic changes in the com-
position of the Editorial Board because, as the di-
rection of neuroradiology changes, the Board will
change in concert.

It is not only the volume of manuscripts from
countries outside North America that are submitted
and published (now approximately 50% of the to-
tal), but also their originality and quality, which
indicate loud and clear that the AIJNR is truly in-
ternational in scope. Our Editorial Board will re-
flect that reality by increasing representation of
those who are at the forefront of neuroscience in
imaging, regardless of their geographical location.

With the burgeoning of gene therapy, in vivo bio-
chemical analysis of the central nervous system, de-
tailed functional analysis of the brain, and novel en-
dovascular therapy, it is clear that we cannot rely on
neuroradiologists aone to advance the field of neu-
roimaging/therapeutics. We must incorporate into the
Editorial Board individuas from various disciplines
for their scientific and editoria contributions. The re-
liance we place on physicists for advances in neu-
roimaging is enormous, and this discipline too will
be represented increasingly on the Editorial Board.

Although speculation abounds concerning where
imaging and neurointervention will take us over the
next 2 decades, it is certain that the way information
is disseminated to the medical community will soon
be far different than it is now. The journal is pru-
dently working its way toward a full, on-line journal
to supplement the printed journa. This will afford
our subscribers not only instant access to multiple
volumes of the AINR, but will provide important
links to other publications. On-line manuscript sub-
mission and peer review will be phased in over the
next few years. With this will come more rapid eval-
uations and decisions regarding submissions, which
will lead to more rapid publication. At a time when
an 8-month-old idea or investigation borders on ““old
news,” it is incumbent on the journa to disseminate
new and important information as quickly as possible
and in a user-friendly manner.

RoBERT M. QUENCER, MD
Editor-in-Chief




The ubiquity of spinal disorders, whether related
to degenerative spondylosis and disk disease or to
neural dysfunction of the spinal cord or peripheral
nerves, has made spine imaging one of the most
frequently ordered types of studies in radiology.
The evolution of techniques, which has allowed the
accurate display of the anatomy and pathology of
the spine, has been mirrored in the pages of the
AJINR for the past 20 years.

Techniques

Techniques involved in improving the radiologic
evaluation of the spine have been emphasized in
the journal over the years, and the changes in the
emphasis from plain films, CT, and myelography to
MR imaging is evident as one surveys the literature
from the early-to-mid 1980s. Hirschy (1), in the
first volume of the AJNR, emphasized the value of
reformatted CT scanning of the lumbosacral spine
and the need for axial sections parallel to the end
plates of the vertebral bodies to ensure that a nor-
mal intervertebral disk would not be misdiagnosed
as a herniation. As the value of CT with intrathecal
contrast medium injection became accepted, arti-
cles then appeared concerning the use of CT mye-
lography with metrizamide for the assessment of
spinal cord size (2), the depiction of transneural
migration of metrizamide into syringomyelic cavi-
ties in delayed imaging (3, 4), and the detection of
abnormalities secondary to disk disease (5). It was
clear that CT as a supplemental study after routine
myelography would soon become widely used in
spine evaluation. The fact that MR imaging for
spine evaluation was lurking on the horizon was
evident in Yeates 1983 article (6) that showed a
CSF equivalent signal in the center of the cord
among five patients with syringomyelia. Later that
year, Han (7) published an MR imaging study that
depicted various abnormalities both in and outside
the spinal canal. The term ‘‘nuclear magnetic res-
onance” was still being used at the time; however,
in an important editorial following Han's article,
Juan Taveras (8) made a strong and eventually suc-
cessful plea for the elimination of the word *‘nu-
clear,”” and the use of the term **magnetic reso-
nance.” One need only look at the imagesin Han's
(7) and Yeates (6) articles to realize how far MR
quality has progressed during the intervening 16
years. In consecutive articles, Norman (9) and
Modic (10) published their early experience with
MR imaging of the spine in patients with various
intra- and extramedullary abnormalities, thus set-
ting the stage for a shift in the way spine studies
would be primarily ordered; ie, from myelography
and CT to MR imaging. The improvement in qual-
ity of MR imaging of the spine became apparent

SPINE IMAGING

in the illustrations contained in Maravilla's (11)
study of the lumbosacral spine. From this point for-
ward, it became a matter of understanding and
compensating for artifacts seen on MR images and
evaluating new techniques and pulse sequences.
Vak (12) demonstrated the value of gadolinium-
DTPA in a range of nondegenerative spine abnor-
malities, including intramedullary and intraspinal
tumors. Czervionke (13) beautifully explained trun-
cation artifacts and the Gibbs phenomena seen with
MR imaging of the cervical spine, discussed ways
to avoid this annoying problem, and, in the same
year, explained the reasons for magnetic suscepti-
bility changes in gradient-echo studies (14). Later,
Mirvis (15) reported the diminution in magnetic
susceptibility artifacts in wire fusion of the cervical
spine when titanium wires were used. How best to
image degenerative spine disease then became a
topic for a number of articles that spanned the
1990s, with the advantages and disadvantages of
3D Fourier Transform (FT) imaging of the cervical
spine receiving particular attention. Youssem (16)
advocated thin-section (1.5 mm), gradient-echo,
low flip angle 3D imaging for evaluation of the
neural foramina, whereas Ross (17) believed that
for extradural disease in the cervical spine, con-
trast-enhanced T1-weighted gradient-echo imaging
was an aternative sequence to be considered. Mel-
hem (18) advocated the use of a preparation mag-
netization-transfer pulse prior to a 3D-FT, low flip
angle, gradient-echo sequence for assessing cervi-
cal spondylosis because of contrast improvement
between cord and CSF, diminished magnetic sus-
ceptibility effects, and decreased motion artifacts.
Tsuruda (19) cautioned about the use of 3D imag-
ing techniques for the spine when patient motion
was anticipated, because of the long acquisition
time needed when compared with 2D acquisition.
Sze (20) later showed that fast spin-echo (FSE) im-
aging not only saved scanning time, but was as
accurate as conventiona spin-echo (CSE) imaging
for revealing spinal abnormalities. He later refined
these observations by analyzing the effect of echo
train length (ETL) and echo spacing in FSE to
compensate for CSF flow, and concluded that a
long ETL and minimal echo spacing helped to op-
timize bright CSF with diminished flow artifacts
(21). Sze (20) and Ross (22) concluded that FSE
could replace CSE imaging of the cervical and
lumbar spine. Although FSE has become a virtual
standard in sagittal spine imaging, there are various
opinions on the value and efficacy of additional
seguences such as short-inversion-time inversion
recovery (STIR) and fluid-attenuated inversion re-
covery (FLAIR) for evaluating spine and spinal
cord disease. Hittmair (23) maintained that STIR-
FSE depicted M S plaques in the cord best, whereas
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FLAIR imaging, although excellent for the detec-
tion of MS in the brain, has a low sensitivity for
MS in the spinal cord. In an extensive review of
evolving MR techniques for spinal imaging, Ross
(24) in 1999 included the explanation, uses, and
advantages of all the commonly (and not so com-
monly) employed MR techniques for spine imag-
ing, such as gradient-echo, diffusion, half Fourier
reconstruction, FLAIR, STIR, and magnetization
transfer. That article sets the stage for the devel-
opment of future MR sequences for imaging the

spine.

Physiologic Information

The recognition that MR imaging had the ability
to portray physiologic information resulted in an
important study in 1986 by Sherman and Citrin
(25) in which MR imaging was used to assess CSF
flow in the aqueduct and third and fourth ventricles.
They recognized that incoherent CSF signal could
obscure certain anatomic landmarks or lesions but,
on the other hand, could potentially determine flow
within cystic structures, such as syringohydromye-
lia (26). Importantly, they hypothesized that the
pulsatile CSF flow within these cavities may play
a role in their gradual expansion. The following
year, the Dyke Award was given to Rubin (27),
who studied imaging of spinal CSF pulsations that
furthered our understanding of the effects of CSF
flow, with its resulting signal loss and phase-shift
images; gradient compensation and gating tech-
niques were required to diminish these artifacts.
This article and that of Enzmann (28) opened the
door for greater understanding of how to use the
display of CSF pulsations to give vital information,
such as the potential of differentiating neoplastic
from non-neoplastic cysts of the spinal cord. Bru-
gieres (29) demonstrated the value of imaging CSF
flow patterns by showing how phase-contrast MR
showed alterations in CSF flow pattern at the level
of an anterior thoracic transdural spinal cord her-
niation. Although Watters (30) did not use CSF
flow-sensitive studies in his description of cord her-
niation, he did draw our attention to this often sub-
tle and easily misdiagnosed entity in which adhe-
sions, cord atrophy, or a posteriorly located
subarachnoid cyst may have been erroneously con-
sidered. Similarly, although Fischbein (31) did not
use CSF flow-sensitive techniques, she did postu-
late that CSF flow alterations may be a reasonable
explanation for a reversible intramedullary condi-
tion that could precede syrinx formation. With sur-
gica restoration of normal CSF flow, reversibility
of the MR findings was shown; the presence of
a patient’s central canal, in the face of these ab-
normal flow patterns, could foretell syringomyelia
formation.

Back Pain

Back pain, with or without nerve root symptoms,
has been one of the most, if not the most, common
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indications for MR imaging of the spine, and over
the years, articles have focused both on technique
to show the changes of spondylosis and anatomic
pathologic correlations in these abnormalities. No-
menclature appropriate for describing disk derange-
ment persists. From myelography (32) to MR im-
aging (33), radiologists and clinicians alike still
struggle with the appropriate terminology for what
has been variously termed bulging, protrusion, ex-
trusion, and herniation. The usage of these terms
for lateral disks, as shown by Williams (34) on CT,
extraforaminal disks (35) and disk sequestration, as
described by Masaryk on MR images, has not,
however, been in doubt. Imaging and anatomic cor-
relations obtained by cryomicrotome sections of
cadaver spine specimens enlightened us to the
changes seen in vivo on MR images. Bergstom (37)
in 1983 published some of the early CT and post-
mortem cryomicrotome comparisons and laid the
groundwork for many future publications by the
investigators working in Victor Haughton's labo-
ratory (38—40). With cryomicrotomography, these
investigators broadened our understanding of dis-
cogenic disease. They classified annular tears into
concentric, radial, and transverse (38), demonstrat-
ed the anatomy and histologic characteristics in-
volved in the intranuclear fibrous cleft (37), and
later showed the effect of physiologic loading on
the neural foramina in flexion, extension, and lat-
eral bending (40). Jinkins proposed to sort out
which particular nerve root in the lumbar spine
might be responsible for symptoms, particularly in
degenerative disk disease. He conducted postcon-
trast studies in the unoperated (41) and postopera-
tive (42) back to determine active nerve root dis-
ease via nerve root enhancment. Crisi (43) also
observed that selective intrathecal root enhance-
ment was a direct consequence of disk herniation
and was correlated with radicular symptoms. Lane,
in an article appearing the following year, issued a
cautionary note regarding the visualization of en-
hancing nerve roots. He not only found that lum-
bosacral nerve root enhancement correlated poorly
with clinical radiculopathy, but he emphasized that
enhancing structures in the cauda equina might rep-
resent normal but prominent great radicular veins.

Postoperative Lumbar Spine

Even with the advances in axia spine imaging,
there have been difficulties with accurately diag-
nosing changes seen in the postoperative lumbar
spine. Despite early optimism with CT and CT
myel ography (45, 46) in describing various patterns
of enhancement and sac configuration, the distinc-
tion between a residual disk fragment and scar tis-
sue remained difficult. Ross (47—49) published a
number of important articles based on his clinical
observations and experimental models in an at-
tempt to make this task easier. First, he described
how scar enhances by studying the time course and
mechanism of contrast enhancement in the post-
operative lumbar spine (47), and he followed that
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clinical article with an experimental canine model
for the evaluation of the posterior epidural scar
(48). Then, in further differentiation between scar
tissue and disk fragment (49), he concluded that, at
6 weeks or longer postoperatively, postcontrast T1-
weighted imaging of the lumbar spine was effective
for distinguishing scar tissue from a disk fragment.
In his continuing work on the previously operated
spine, Ross (50) described the patterns of interver-
tebral disk enhancement in asymptomatic postop-
erative patients; he stressed the importance of dis-
tinguishing the normal and expected disk end plate
enhancement from infection.

Spinal Cord Disease

Intrinsic spinal cord disease was the focus of
many articles published in the AJNR during the past
20 years. First, there was the rapid recognition that
MR imaging had completely supplanted CT mye-
lography, and, second, with improved contrast and
spatial resolution, the ability to distinguish between
various causes of myelopathy became apparent. In-
tramedullary tumors were readily identifiable by
virtue of cord swelling, abnormal signal, cystic
changes, and areas of enhancement. The more dif-
ficult problem involved distinguishing these pre-
dominately glial tumors from other intrinsic cord
abnormalities, such as ischemia, demyelinating dis-
ease, and transverse myelitis of various causes. Ma-
wad (51) and Friedman (52) showed the MR find-
ings of cord ischemia and infarction, the former
serving as a guideline for the major patterns of
ischemia after resection of aortic aneurysms, and
the latter revealing gray matter abnormalitiesin an-
terior spinal artery infarction. Yuh (53) showed as-
sociated spinal cord and vertebral body infarctions
and concluded that a vertebral body signal abnor-
mality may point to the cause of the underlying
cord abnormality. Venous infarction of the cord
owing to a spinal dural arteriovenous fistula
(DAVF) was described by Larsson (54) and was
one of the first articles that dealt with this subject
and how such a condition might masquerade as
other types of cord abnormalities. The article was
followed closely by a study by Mirich (55) on sub-
acute necrotizing myelopathy in which no spinal
DAVFs were demonstrable. Biopsy of the cord in
those cases revealed thickened, hyalinized vessel
walls, demyelination, and myelomalacia. The clin-
ical diagnosis of acute transverse myelopathy often
went without a firm radiologic diagnosis. Proven-
zale (56) described four patients with lupus trans-
verse myelitis, the underlying cause of which was
either autoimmune or vascular in nature; these MR
findings resolved over time. Campi (57), in the fol-
lowing year, described 30 patients with acute trans-
verse myelopathy, and 18 patients had no definable
cause for the cord dysfunction. Multiple sclerosis
never developed among those who had greater than
one segment involvement. She later described three
patients with recurrent acute transverse myel opathy
who had increased anticardiolipin antibodies, all of
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whom had changing patterns on MR images. She
asserted that these acquired blood protein defects
led to venous thromboses or arterial thromboses (or
both) that involved the spinal cord. Even the stated
pathology of spinal cord tumors has changed over
time and, in many series, has paralleled the greater
sophistication in neural histologic staining tech-
niques. Patel’s work (59), in which 27 patients with
proved spinal cord gangliogliomas, is one such ex-
ample. Although the MR findings, including long
tumor length, cystic changes, bone erosion, and
patchy enhancement to the cord surface, wouldn’'t
allow confident distinction from other glial tumors,
the author suggests that these have a higher rate of
occurrence than was previously believed and that
in the past they may have been misdiagnosed as
astrocytomas.

MR Angiography

The application of MR angiography (MRA) to
the spine lagged behind its use in the brain and
neck. The smaller vessel size, the tortuosity of the
spina vessels, and the lower prevalence of vascular
lesions of the spinal cord in part explains this. A
series of articles on spinal MRA, however, showed
the value of MRA of the spine. Using a 3D post-
contrast MR sequence, Bowen (61) beautifully
demonstrated the abnormal venous anatomy in spi-
nal DAVFs and correlated these findings with spi-
nal DSA and operative results. In a follow-up ar-
ticle, Bowen (62) described the normal intradural
veins of the thoracolumbar spine; this classic article
stands as a guide for future spinal MRA interpre-
tations. One year later, Mascalchi (63) employed
phase-contrast MRA to show the arterial supply of
spinal vascular lesions. These articles, along with
those that employed routine MR pre- and postop-
eratively (64, 65) served to delineate spinal vas-
cular malformations and their effects on the cord
clearly and noninvasively.

Spine Trauma

CT and MR imaging have been pivotal in de-
picting spine trauma. Brant-Zawadzki (66) showed
the greater accuracy of CT compared with plain
films for detecting and assessing fractures of the
thoracolumbar spine. Seibert (67) first described
progressive post-traumatic cystic myelopathy and
the technique for evaluating this syndrome with
myelography (ie, air, Pantopague, and metrizamide)
and cyst puncture. Chakeres (68) showed that a
movement toward imaging both acute and chronic
spina cord trauma was evident in the mid-1980s
by showing some of the benefits of MR over CT
in acute trauma. Quencer (69) showed the clinical
utility of MR imaging of the chronically injured
spine for detecting residual cord compression, mye-
lomalacia, and post-traumatic cord cysts. Subse-
quently, Silberstein (70) used MR imaging as a pre-
dictor of neurologic outcome in acute spinal cord
injury, describing the devastating neurologic effect
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of a hemorrhagic contusion compared with the re-
turn of some useful motor function if theinitial MR
imaging showed only edema. He also evaluated de-
layed neurologic deterioration in previous spina
trauma with MR imaging (71), demonstrating cord
atrophy, cord cavitation, residual cord compression,
and identified treatable causes of neurologic dete-
rioration in old spinal cord injuries. Becerra (72)
revealed the ability of MR to show Wallerian de-
generation both above (dorsal columns) and below
(lateral columns) a cord injury, and he correlated
those results with histologic findings at postmortem
examination. Falcone (73) described the entity of
progressive post-traumatic myelomalacic myelop-
athy, how it differs in appearance from post-trau-
matic cystic lesions on MR images, and what the
surgical approach to the problem is. It became
abundantly clear that MR imaging had assumed a
major role in the depiction of acutely and chroni-
cally injured spinal cord.

Spinal Infections

For depicting infections of the spine, MR im-
aging became the technique of choice. Thrush (74)
analyzed 17 cases of infectious spondylitis and rec-
ommended STIR imaging and warned against ob-
taining only a postcontrast study without a plain
T1-weighted image, because gadolinium could
raise the intensity of the affected vertebral body,
making it appear normal. Smith (75), in an article
on differentiating tuberculous spondylitis from
pyogenic osteomyelitis in adults and children, re-
lated patterns of spread depicted on MR images to
different types of microcirculation of the vertebrae
and to the absence of certain proteolytic enzymes
in tuberculosis. Schellinger (76) furthered our un-
derstanding of the MR appearance of soft-tissue
masses in the anterior epidural space of the spina
canal. He beautifully demonstrated a generaly un-
appreciated structure, the anterior epidural septum.
He also attributed the shape of aretrovertebral soft-
tissue mass to the posterior longitudinal ligament,
the lateral attached membrane, and the attached an-
terior midline septum.

Congenital Abnormalities

Understanding the process by which congenital
abnormalities of the spine develop is important for
assessing MR images of younger patients. In 1983,
Nadich (77) added significantly to our knowledge
of spinal dysraphism in his classic article on dorsal
dysraphism with lipoma (lipomyeloschisis). Bar-
kovich published a number of important studies; of
note was an article on spinal dermal tracts, their
association with dermoids and epidermoids, and the
fact that the intraspinal portion of a dermal sinus
tract may be difficult to see on MR images (78).
He carefully established the embryologic basis of
a wedge-shaped conus as an important sign in the
caudal regression syndrome (79).
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Sonography

Spinal sonography has been employed both in
the evaluation of the infant’s spine and in the in-
traoperative assessment of patients undergoing a
variety of surgical procedures. In 1984, two studies
of spinal sonography performed in infants were
published (80, 81). Naidich (80), who was awarded
the John Caffey Award for this research, exquisite-
ly correlated the sonographic features of congenital
lumbosacral anomalies with CT myelography. The
value of intraoperative spinal sonography (10SS) is
its ability to localize and characterize abnormalities
and to assure that the proper immediate surgical
outcome has been achieved prior to closure. In the
1980s, Quencer (82—85) and Knake (86) described
the normal sonographic features of the spine and
spinal cord, the appearance of soft-tissue masses in
the spinal cord and in the spinal canal, the value
of monitoring the surgical field with sonography to
assure the proper placement of Harrington rods,
and the use of sonography for the surgery of con-
genital lesions of the spine. Sklar (87) later com-
pared CT and MR imaging for the evaluation of 14
patients with acquired subarachnoid cysts and
showed the value of 0SS in their treatment. Mirv-
is (88) described the use of intraoperative sonog-
raphy for the imaging of cervical cord injury,
showing early cystic changes in the cord and areas
of cord contusion.

Interventional Procedures

Nonvascular interventional procedures involving
the spine have assumed increased importance in pa-
tient evaluation and treatment. In 1985, Onik (89)
reported his results of percutaneous lumbar disce-
tomy with the use of an aspiration probe and later
described the same technique for the treatment of
far lateral herniated disks (90). Quencer (91) de-
scribed the percutaneous aspiration of intraspinal
cystic lesions and the effect of these aspirations on
the somatosensory evoked potentials; this infor-
mation was found to be helpful for determining
proper treatment and patient management. Abra-
hams (92), in the same year, demonstrated the util-
ity of percutaneous aspiration of synovial cysts for
securing a proper diagnosis. Renewed interest
among radiologists in discography has been appar-
ent over the past 5 to 10 years. Milette (93) studied
patients with radiating pain to the lower extremities
caused by disk rupture in the absence of direct spi-
nal root involvement. With the clinical response af-
ter intradiscal anesthetic injection, he concluded
that, in some patients, pain arises from within the
disk itself, causing referred pain to the lower ex-
tremities. In what certainly must stand as one of
the largest published series of cases, Johnson (94)
reported his considerable experience of over 5000
cases of epiduragraphy and therapeutic epidural
steroid injection for back pain. Epidurography was
strongly advocated to assure the installation of ster-
oids in the proper location. Vertebroplasty, a pro-
cedure gaining in importance and popularity, was
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shown to be effective in restoring the heights of
vertebral bodies in compression fractures (95) and
as part of a staging procedure for operative treat-
ment of the vertebral body and epidural hemangio-
ma (96). Jensen (95) published her transpedicular
technique performed in 47 compression fractures.
The percutaneous injection of polymethylmethcry-
late resulted in 90% of patients experiencing im-
mediate and significant relief of pain.

The Peripheral Nervous System

The peripheral nervous system has been a diffi-
cult area for imaging, whether by CT (97) or MR
imaging. In their classic review article, Maravilla
and Bowen (98) reviewed the radiographic anato-
my of the brachial and lumbosacral plexus, de-
scribed the MR appearance of nerve fascicles, de-
tailed the techniques for MR imaging of the plexi
and peripheral nerves, and demonstrated the
changes on MR images of peripheral nerve abnor-
malities. This area of peripheral nervous system
imaging is certainly one of the next frontiers in
neuroimaging.

The Future

In the future, we can anticipate that MR tech-
niques currently used to assess the brain will be
applied to the spine. Early reports of diffusion im-
aging of the spinal cord point to its potential in the
workup of a number of myelopathic conditions, but
investigations of a large number of patients from
many centers are needed to validate its widespread
use. Diffusion tensor MR imaging of a variety of
spinal cord lesions, particularly at high fields, may
provide morphologic information that may ap-
proach the type of detail that now is only available
with histopathologic anaysis. The move toward
physiologic and biochemical information is antici-
pated as schemes for MR spectroscopy are applied
to the cord. Both diffusion-weighted imaging and
MR spectroscopy could be used to follow drug
therapy in inflammatory and neoplastic disorders
and to follow the success of cellular implantation
for neural tissue regeneration. It remains problem-
atic whether functional MR imaging and neural tis-
sue activation can be applied to the spinal cord be-
cause of a number of significant problems, such as
normal physiologic motion of the spinal cord and
susceptibility to artifacts. Time-resolved spinal
MRA for the delineation of arterial, capillary, and
venous phases of MRA is currently an active area
of research. The hope is that diseases other than
arteriovenous malformations, arteriovenous fistu-
las, and highly vascular tumors of the spine and
spinal cord will be amenable to such investigations.
By doing so, the diagnosis of ischemic cord disease
may be possible by direct rather than indirect evi-
dence of abnormal blood flow and perfusion. From
a practical clinical standpoint, it is nearly certain
that invasive spinal procedures will grow signifi-
cantly in the upcoming years. Whether these pro-
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cedures are performed by radiologists depends on
the commitment of our residency and fellowship
programs to mandate the teaching of these spinal
interventions. Without such active advocacy, sur-
geons and anesthesiologists will dominate this
field. The extent to which spinal surgery is donein
an open magnet, particularly those operations deal -
ing with cystic lesions in the canal and intrame-
dullary abnormalities, will depend on the design of
the entire magnet system and the ease with which
operations can be completed. Imaging, which se-
riously prolongs time in the operating room or
which makes surgery more cumbersome, will not
be viewed as an advantage by the spine surgeon.
Finally, the precise evaluation of peripheral neu-
ropathies offers a great challenge to neuroradiology
and opens up a whole new field previously void of
meaningful radiologic interpretation. After such
imaging separates medical from surgical disorders,
MR imaging of the peripheral nervous system will
alow an objective assessment of the effect of

therapy.

RoBERT M. QUENCER, MD
Editor-in-Chief

References

1. Hirschy JC, Leue WM, Berninger WH, Hamilton RH, Abbott GF
CT of the lumbosacral spine: importance of tomographic
planes parallel to vertebral end plate. AJINR Am J Neuroradiol
1980;1:551-556

2. Seibert CE, Barnes JE, Dreisbach JW, Swanson WB, Heck RJ.
Accurate CT measurements of the spinal cord using metrizan-
ide: physical factors. AINR Am J Neuroradiol 1981;2:75-78

3. Aubin M, Vignaud J, Jarden C, Bar C. Computed tomography
in 75 clinical cases of syringomyelia. AINR Am J Neuroradiol
1981;2:199-204

4. Kan S, Fox AJ, Vinuela F, Barnett HIM, Peerless SJ. Delayed CT
metrizamide enhancement of syringomyelia secondary to tu-
mor. AJNR Am J Neuroradiol 1983;4:73-78

5. Raskin SP, Keating JW. Recognition of lumbar disk disease:
comparison of myelography and computed tomography. AJINR
Am J Neuroradiol 1982;3:215-222

6. Yeates A, Brant-Zawadzki M, Norman D, et al.Nuclear magnetic
resonance imaging of syringomyelia. AJINR Am J Neuroradiol
1983;4:234-237

7. Han JS, Kaufman B, El Yousef SJ, et a.NMR imaging of the
spine. AJINR Am J Neuroradiol 1983;4:1151-1160

8. Taveras JM. Nuclear magnetic resonance terminology [edito-
rial]. AJINR Am J Neuroradiol 1983;4:-1160

9. Norman D, Mills CM, Brant-Zawadzki M, et a.Magnetic reso-
nance imaging of the spinal cord and canal: potentials and
limitations. AJINR Am J Neuroradiol 1984;5:9-14

10. Modic MT, Weinstein MA, Pavlicek W, et al.M agnetic resonance
imaging of the cervical spine: technical and clinical observa-
tions. AJNR Am J Neuroradiol 1984;5:15-22

11. Maravilla KR, Lesh B Weinreb JC, Selby DK, Nooney V. Mag-
netic resonance imaging of the lumbar spine with CT corre-
lation. AJINR Am J Neuroradiol 1985;6:237—246

12. Vak J. GD-DTPA in MR of spinal lesions. AINR Am J Neuro-
radiol 1988;9:345-350

13. Czervionke LF Czervionke JM, Daniels DL, Haughton VM.
Characteristic features of MR truncation artifacts. AINR Am
J Neuroradiol 1988;9:815-824

14. Czervionke LF, Daniels DL, Wehrli FW, et al.Magnetic suspec-
tibility artifacts in gradient-recalled echo MR imaging. AJNR
Am J Neuroradiol 1988;9:1149-1156




AINR: 21, January 2000

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

Mirvis SE, Geisler F, Joslyn N, Zrebeet H. Use of titaniium wire
in cervical spine fixation as a means to reduce MR artifacts.
AINR Am J Neuroradiol 1988;9:1229-1231

Youssem DM, Atlas SW, Goldberg HI, Grossman RI. Degener a-
tive narrowing of the cervical spine neural foramina: evalua-
tion with high-resolution 3DFT gradient-echo MR imaging.
AINR Am J Neuroradiol 1991;12:229-236

Ross JS, Ruggieri PM, Tkach JA, et a.Gd-DTPA-enhanced 3D
MR imaging of cervical degenerative disk disease: initial ex-
perience. AJINR Am J Neuroradiol 1992;13:127-137

Mehlham ER, Benson ML, Beauchamp NJ, Lee RR. Cervical
spondylosis: three dimensional gradient-echo MR with mag-
netization transfer. AJINR Am J Neuroradiol 1996;17:705-711
Tsuruda JS, Remley K. Effects of magnetic suspectibility arti-
facts and motion in evaluating the cervical neural foramina
on 3DFT gradient-echo MR imaging. AJNR Am J Neuroradiol
1991;12:237-242

Sze G, Merriam M, Oshio K, Jolesz FA. Fast spin-echo imaging
in the evaluation of intradural disease of the spine. AJINR Am
J Neuroradiol 1992;13:1383-1392

Sze G, Kawamura Y, Negishi C, et a.Fast spin-echo MR im-
aging of the cervical spine: influence of echo train length and
echo spacing on image contrast and quality. AJINR Am J Neu-
roradiol 1993;14:1203-1214

Ross JS, Ruggieri P, Tkach J, Obuchowski N, Dillinger J, Masaryk
TJ, Modic MT. Lumbar degenerative disk disease: prospective
comparison of conventional T2-weighted spin-echo imaging
and T2-weighted rapid acquisition relaxation-enhanced imag-
ing. AJNR Am J Neuroradiol 1993;14:1215-1223

Hittmair K, Mallek R, Prayer D, Schindler EG, Kollegger H. Spi-
nal cord lesionsin patients with multiple sclerosis: comparison
of MR pulse sequences. AINR Am J Neuroradiol 1996;17:1555—
1565

Ross JS. Newer sequences for spinal MR imaging: smorgas-
bord or succotash of acronyms? AJNR Am J Neuroradiol 1999;
20:361-373

Sherman JL, Citrin CM. Magnetic resonance demonstration of
normal CSF flow. AJINR Am J Neuroradiol 1986;7:4—6
Sherman JL, Barkovich AJ, Citrin CM. The MR appearance of
syringomyelia: new observations. AJNR Am J Neuroradiol 1986;
7:985-986

Rubin JB, Enzmann DR. Imaging of spinal CSF pulsation by
2DFT MR: significance during clinical imaging [Dyke Award].
AINR Am J Neuroradiol 1987;8:297-306

Enzmann DR, O'Donohue J, Rubin JB, Shuer L. Cogen B, Sil-
verberg G. CSF pulsations within nonneoplastic spinal cord
cysts. AINR Am J Neuroradiol 1987;8:517-526

Brugiéres P Maapert D, Adle-Biassette H, Fuerxer F Djindjian
M, Gaston A. Idiopathic spinal cord herniation: value of MR
phase-contrast imaging. AJINR Am J Neuroradiol 1999;20:
935-939

Watters MR, Stears JC, Osborn AG, et a.Transdural spinal cord
herniation: imaging and clinical spectra. AJNR Am J Neuro-
radiol 1998;19:1337-1344

Fischbein NJ, Dillon WP, Cobbs C, Weinstein PR. The *“ presy-
rinx” state: a reversible myelopathic condition that may pre-
cede syringomyelia. AINR Am J Neuroradiol 1999;20:7—20
Kieffer SA, Sherry RG, Wellenstein DE, King RB. Bulging lum-
bar intervertebral disk: myelographic differentiation from
herniated disk with nerve root compression. AJINR Am J Neu-
roradiol 1982;3:51-64

Taveras JM. Herniated intervertebral disk: a plea for a more
uniform terminology [editorial]. AJINR Am J Neuroradiol 1989;
10:1283

. Williams AL, Haughton VM, Daniel DS, Thornton RS. CT rec-

ognition of lateral lumbar disk herniation. AINR Am J Neuro-
radiol 1982;3:211-214

Novetsky GJ, Berlin L, Epstein AJ, Lobo N, Miller SH. The ex-
traforaminal herniated disk: detection by computed tomog-
raphy. AJNR Am J Neuroradiol 1982;3:653-656

Masaryk TJ, Ross JS, Modic M T, Boumphrey F, Bohiman H, Wil-
ber G. High-resolution MR imaging of sequestered lumbar in-
tervertebral disks. AJINR Am J Neuroradiol 1988;9:351-358
Bergstrom K, Gunnar N, Pech B Rauschning W, Ytterbergh C.
Multiplanar spinal anatomy: comparison of CT and cryomi-
crotomy in postmortem specimens. AJNR Am J Neuroradiol
1983;4:590-592

Yu S, Sether LA, Ho PS, Wagner M, Haughton VM. Tears of the
anulus fibrosus: correlation between MR and pathologic find-
ings in cadavers. AJINR Am J Neuroradiol 1988;9:367-370

39.

41.
42.

47.

49.

50.

51.

52.

53.

551

56.

57.

58.

59.

60.

61.

62.

63.

20-YEAR RETROSPECTIVE 7

Yu S, Haughton VM, Lynch KL, Ho KC, Sether LA. Fibrous
structure in the intervertebral disk: correlation of MR ap-
pearance with anatomic sections. AJINR Am J Neuroradiol 1989;
10:1105-1110

. Nowicik BH, Haughton VM, Schmidt TA, et al.Occult lumbar

lateral spinal stenosis in neural foramina subjected to physi-
ologic loading. AJINR Am J Neuroradiol 1996;17:1605-1614
Jinkins JR. MR of enhancing nerve roots in the unoperated
lumbosacral spine. AINR Am J Neuroradiol 1993;14:193-202
Jinkins JR, Osborn AG, Garrett D, Hunt S, Story JL. Spinal nerve
enhancement with GD-DTPA: MR correlation with the post-
operative lumbosacral spine. AINR Am J Neuroradiol 1993;14:
383-394

. Criss G, Carpeggiani B Trevvisan C. Gadolinium-enhanced

nerve roots in lumbar disk herniation. AINR Am J Neuroradiol
1993;14:1379-1392

. Lane JI, Koeller KK, Atkinson JLD. Enhanced lumbar nerve

roots in the spine without prior surgery: radiculitis or radi-
cular veins? AJNR Am J Neuroradiol 1994;15:1317-1325

. Teplick JG, Haskin ME. Review: computed tomography of the

postoperative lumbar spine. AINR Am J Neuroradiol 1983;4:
1053-1072

. Meyer JD, Latchaw RE, Roppolo HM, Ghoshhajra K, Deeb ZL.

Computed tomography and myelography of the postoperative
lumbar spine. AINR Am J Neuroradiol 1982;3:223-228

Ross JS, Delamarter JR, Hueftle MG, et a.Gadolinium-DTPA-
enhanced MR imaging of the postoper ative lumbar spine: time
course and mechanism of enhancement. AINR Am J Neurora-
diol 1989;10:37-47

. Ross JS, Blaser S, Masaryk TJ, et al.GD-DTPA enhancement of

posterior epidural scar: an experimental model. AINR Am J
Neuroradiol 1989;10:1083-1088

Ross JS, Masaryk TJ, Schrader M, Gentili A, Bohiman H, Modic
MT. MR imaging of the postoper ative lumbar spine assessment
with gadopentetate dimeglumine. AINR Am J Neuroradiol 1990:
11:771-776

Ross JS, Zepp R, Modic MT. The postoperative lumbar spine:
enhanced MR evaluation of the intervertebral disk. AJINR Am
J Neuroradiol 1996;17: 323-331

Mawad ME, RiveraV, Crawford S, Ramirez A, Breitbach W. Spi-
nal cord ischemia after resection of thorocoabdominal aortic
aneurysms: MR findingsin 24 patients. AINR Am J Neuroradiol
1990;11:987-991

Friedman DR, Flanders AE. Enhancement of gray matter in ante-
rior spinal infarction. AJNR Am J Neuroradiol 1992;13:983-985
Yuh WTC, Marsh EE, Wang AK, Ill, et a.MR imaging of spinal
cord and vertebral body infarction. AINR Am J Neuroradiol
1992;13:145-154

. Larsson EM, Desai P, Hardin CW, Story J, Jinkins JR. Venous

infarction of the spinal cord resulting from dural arteriove-
nous fistula: MR imaging findings. AINR Am J Neuroradiol
1991;12:739-743

Mirich DR, Blaser S, Harwood-Nash DC, Armstrong DC, Becker
LE, Posnick JC. Melanotic neuroectodermal tumor of infancy:
clinical radiologic, and pathologic findings in five cases. AJINR
Am J Neuroradiol 1991;12:689—698

Provenzale IM, Barboriak DP, Gaensler EHL, Robertson RL, Mer-
cer B. Lupus-related myelitis: serial MR findings. AJINR Am J
Neuroradiol 1994;15:1911-1917

Campi A, Filippi M, Comi G, et al.Acute transverse myelopa-
thy: spinal and cranial MR study with clinical follow-up. AINR
Am J Neuroradiol 1995;16:115-123

Campi A, Filippi M, Comi 0, Scotti G. Recurrent acute trans-
verse myelopathy associated with anticardiolipin antibodies.
AINR Am J Neuroradiol 1998;19:781-786

Patel U, Pinto RS, Miller DC, et al.MR of spinal cord gangliog-
lioma. AJNR Am J Neuroradiol 1998;19:879-888

Mascalchi M, Bianchi MC, Quilici N, et al.MR angiography of
spinal vascular malformations. AJINR Am J Neuroradiol 1995;
16:289-297

Bowen BC, Fraser K, Kochan JR, Pattany PM, Green BA, Quencer
RM. Spinal dural arteriovenous fistulas: evaluation with MR
angiography. AJINR Am J Neuroradiol 1995;16:2029—2043
Bowen BC, DePrima S, Pattany PM, Marcillo A, Madsen B, Quen-
cer RM. MR angiography of normal intradural vessels of the
thoracolumbar spine. AINR Am J Neuroradiol 1996;17:483-494
Mascalchi M, Quilici N, Gerrito G, et al.ldentification of the
feeding arteries of spinal vascular lesions via phase-contrast
MR angiography with three-dimensional acquisition and
phase display. AINR Am J Neuroradiol 1997;18:351-358




65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

7.

78.

79.

80.

81.

82.

20-YEAR RETROSPECTIVE

. Gilbertson JR, Miller GM, Goldman MS, Marsh WR. Spinal du-

ral arteriovenous fistulas:. MR and myelographic findings.
AJINR Am J Neuroradiol 1995;16:2049-2057

Willinsky RA, terBrugge K, Montanera W, Mikulis D, Wallace
MC. Post treatment MR findingsin spinal dural arteriovenous
malformations. AINR Am J Neuroradiol 1995;16:2063-2071
Brant-Zawadzki MN, Minagi H, Federle MP, Rowe LD. High res-
olution CT with image reformation in maxillofacial pathology.
AINR Am J Neuroradiol 1982;3:31-38

Siebert CE, Dreisbach JN, Swanson WB, Edgar RE, Williams P,
Hahn H. Progressve posttraumatic Cystic Myelopathy: Neuro-
radiology Evaluation. AINR Am J Neuroradiol 1981;2:115-120
Chakares DW, Flickinger F, Bresnahan JC, et al.MR imaging of
acute spinal cord trauma. AJINR Am J Neuroradiol 1987;8:5-10
Quencer RM, Sheldon JJ, Post MJD, Diaz RD, Montalvo BM,
Green BA, Eismont FJ. Magnetic resonance imaging of the
chronically injured cervical spinal cord. AJINR Am J Neurora-
diol 1986;7:457-464

Silberstein M, Tress BM. , Hennessy 0. Prediction of neurologic
outcome in acute spinal cord injury: the role of CT and MR.
AINR Am J Neuroradiol 1992;13:1597-1608

Silberstein M, Tress BM, Hennessy 0. Delayed neurologic dete-
rioration in the patient with spinal trauma: role of MR im-
aging. AJNR Am J Neuroradiol 1992;13:1373-1382

Becerra JL, Puckett WR, Heister ED, et al.MR-pathologic com-
parisons of wallerian degeneration in spinal cord injury. AJINR
Am J Neuroradiol 1995;16:125-133

Falcone S, Quencer RM, Green BA, Patchen SJ, Post MJD. Pro-
gressive posttraumatic myelomalacic myelopathy: imaging
and clinical features. AINR Am J Neuroradiol 1994;15:747-754
Thrush A, Enzmann D. MR imaging of infectious spondylitis.
AINR Am J Neuroradiol 1990;11:1171-1180

Smith AS, Weinstein MA, Mizushima A, et a.MR imaging char-
acteristics of tuberculosis spondylitis vs. vertebral osteomyeli-
tis. AINR Am J Neuroradiol 1989;10:619-626

Schellinger D. Patterns of anterior spinal canal involvement
by neoplasms and infections. AJINR Am J Neuroradiol 1996;
17:953-960

Naidich TR McLone DG, Mutluer S. A new understanding of
dorsal dysraphism with lipoma (lipomyeloschisis): radiologic
evaluation and surgical correction. AJINR Am J Neuroradiol
1983;4:103-116

Barkovich AJ, Edwards MSB, Cogen PH. MR evaluation of spi-
nal dermal sinus tracts in children. AJINR Am J Neuroradiol
1991;12:123-129

Barkovich AJ, Raghavan N. Chuang S, Peck WW. The wedge-
shaped cord terminus: a radiograpahic sigh of caudal regres-
sion. AJNR Am J Neuroradiol 1989;10:1223-1231

Kangarloo H, Gold RH, Diament MJ, Boechat MI, Barrett C.
High-resolution spinal sonography in infants. AINR Am J Neu-
roradiol 1984;5:191-195

Naidich TR, Fernbach SK, McLone DG, Shikolnik A. Sonography
of the caudal spine and back: congenital anomaliesin children
[John Caffey Award]. AJINR Am J Neuroradiol 1984;5:221-234
Quencer RM, Montalvo BM, Eismont FJ, Green BA. Intraoper-
ative spinal sonography in thoracic and lumbar fractures:

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

95.

96.

97.

98.

AINR: 21, January 2000

evaluation of Harrington rod instrumentation. AJNR Am J Neu-
roradiol 1985;2:353-360

Quencer RM, Montalvo BM, Green B, Eismont FJ. Intraopera-
tive spinal sonography of soft-tissue Masses of the spinal cord
and spinal canal. AINR Am J Neuroradiol 1984;5:507-516

. Quencer RM, Montalvo BM. Normal intraoperative spinal son-

ography. AJNR Am J Neuroradiol 1984;5:501-506

Quencer RM, Montalvo BM, Naidich TR Post MJD, Green BA,
Page LK. I ntraoperative sonography in spinal dysraphism and
syringohydromyelia. AINR Am J Neuroradiol 1987;8:329-338
Knake JE, Chandler WF, McGillicuddy JE, et a.lntraoperative
sonography of intraspinal tumors: initial experience. AJINR Am
J Neuroradiol 1983;4:1199-1202

Sklar E, Quencer RM, Green BA, Montalvo BM, Post MJD. Ac-
quired spinal subarachnoid cysts: evaluation with MR, CT,
myelography, and intraoper ative sonography. AINR Am J Neu-
roradiol 1989;10:1097-1104

Mirvis SE, Geisler FH. Intraoperative sonography of cervical
spinal cord injury: results in 30 patients. AINR Am J Neuro-
radiol 1990;11:755-764

Onik G, Helms CA, Ginsburg L, Hoaglung FT, Morris J. Percu-
taneous lumbar diskectomy using a new aspiration probe.
AINR Am J Neuraradiol 1985;6:290-293

Onik G, Maroon J, Shang Y. Far-lateral disk herniation: treat-
ment by automated per cutaneous diskectomy. AJINR Am J Neu-
roradiol 1990;11:865-868

Quencer RM, Ayyar DR, Angus E, Green BA. Somatosensory
evoked potential measurements in percutaneous fluid aspira-
tion from intraspinal cystic lesions. AINR Am J Neuroradiol
1988;9:551-556

Abrahams JJ, Wood GW, Eames FA, Hicks RW. CT-guided nee-
dle aspiration biopsy of an intraspinal synovial cyst (ganglion):
case report and review of the literature. AJNR Am J Neurora-
diol 1988;9:398-401

Milette PC, Fontaine S, Lepanto L, Breton G. Radiating pain to
the lower extremities caused by lumbar disk rupture without
spinal nerve root involvement. AJNR Am J Neuroradiol 1995;
16:1605-1613

. Johnson BA, Schellhas KB, Pollei SR. Epidurography and ther-

apeutic epidural injections: technical considerations and experi-
ence with 5334 cases. AINR Am J Neuroradiol 1999;20:697—705
Jensen ME, Evans AJ, Mathis JM, Kallmes DF, Cloft HJ, Dion
JE. Percutaneous polymethylmethacrylate vertebroplasty in
the treatment of osteoporotic vertebral body compression frac-
tures: technical aspects. AJINR Am J Neuroradiol 1997;18:1897—
1904

Cotten A, Deramond H, Cortel B, et al.Preoperative percuta-
neous injection of methyl methacrylate and N-butyl cyanoac-
rylatein vertebral hemangiomas. AINR Am J Neuroradiol 1996;
17:137-142

Armington WG, Harnsberger HR, Osborn AG, Seay AR. Radio-
graphic evaluation of brachial plexopathy. AINR Am J Neuro-
radiol 1987;8:361-367

Maravilla KR, Bowen BC. Imaging of the peripheral nervous
system: evaluation of peripheral neuropathy and plexopathy.
AINR Am J Neuroradiol 1998;19:1011-1023




