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Transdural Spinal Cord Herniation:
Imaging and Clinical Spectra

Michael R. Watters, John C. Stears, Anne G. Osborn, Gary E. Turner, Bradford S. Burton,
Kevin Lillehei, and William T. C. Yuh

PURPOSE: Transdural herniation of the spinal cord is a rarely reported clinical entity, and
many of the existing reports were published before the advent of MR imaging. We describe five
current cases and compare them with findings in 25 cases reported in the literature to delineate
the clinical and imaging spectra of transdural spinal cord herniation.

METHODS: MR imaging, CT myelography, and conventional myelography were performed in
five patients with transdural herniation of the spinal cord. These studies, along with clinical
findings, are described. Intraoperative photographs are included for one case. The salient
features of both the current and previously reported cases are summarized in tabular form.

RESULTS: In three cases, transdural spinal cord herniation occurred posttraumatically, in
one case the cause was iatrogenic and in the others the herniation occurred spontaneously.
Imaging features not previously reported include dorsally directed herniations at thoracolum-
bar levels (two patients), apparent (lacking surgical confirmation) syringomeyelia (one case), a
vertebral body nuclear trail sign (one case), and intramedullary hyperintensities on MR images
(two cases). Clinical features not previously reported include unilateral pyramidal-sensory
deficits (one case) and isolated unilateral pyramidal signs (one case). Clinical findings similar
to previous reports include progressive paraparesis (two cases) and progressive Brown-Séquard

syndrome (one case).

CONCLUSION: Our five cases illustrate certain clinical and imaging findings not previously
reported, and, together with the established features of the 25 cases in the literature, delineate
the spectra of transdural spinal cord herniation.

Herniation of the spinal cord through a dural de-
fect is a rarely reported clinical entity that may be
classified on the basis of etiology; that is, whether it
occurs spontaneously, posttraumatically, or iatrogen-
ically. Since the initial report in 1973 (1), only 24
additional cases have been described (2-17). We re-
view and summarize these 25 previously reported
cases, most of which occurred before the availability
of MR imaging, and describe five additional patients
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with transdural spinal cord herniation, four of whom
had MR imaging as part of their workup. Our em-
phasis is on those imaging or clinical features not
previously reported. Collectively, these 30 cases de-
lineate the imaging and clinical spectra seen with
transdural herniation of the spinal cord.

Methods

The 25 previously reported cases of transdural spinal cord
herniation were included for review if the reports provided
detailed clinical information, including laterality of sensory and
motor signs and findings at conventional or CT myelography,
CT, or MR imaging. The five previously unreported cases were
evaluated for clinical signs of myelopathy. All five cases in-
cluded at least one form of cross-sectional imaging: four of the
five patients underwent MR imaging, and the fifth patient had
CT myelography. Among the four patients who had MR im-
aging, two also had conventional myelography and CT myelog-
raphy. The MR examinations included, as a minimum, 3-mm-
thick sagittal T1- and T2-weighted images and 5-mm-thick axial
T1-weighted images. The CT myelograms included 5-mm-thick
axial scans obtained after intrathecal administration of non-
ionic contrast medium. Imaging studies showing rotation of the
spinal cord with displacement ventrally or dorsally at the tho-
racolumbar levels, or displacement dorsally at the cervical
level, and a communicating, apparently dilated, CSF space
occupying the normal cord position were considered features
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of transdural spinal cord herniation. Surgical confirmation of
the herniation was available in all cases but one. Intraoperative
photographs were obtained in one case.

Results

In three of the five cases, an episode of significant
accidental trauma was identifiable prior to the onset
of neurologic symptoms, although in each case the
interval between trauma and onset of symptoms
ranged from 1 to several years. One patient had post-
operative iatrogenic trauma associated with a broken
fixation wire. Only one herniation occurred sponta-
neously.

Case 1: Spontaneous Herniation,
Brown-Séquard Syndrome

A 55-year-old woman had a 10-year history of pro-
gressive sensory disturbances in the right leg and a
2-year history of progressive weakness in the left leg,
which was hyperreflexic on examination. Toe signs
were downgoing bilaterally. Bowel and bladder func-
tion had remained normal. She had no pain along the
spinal axis, although she did report an aching sensa-
tion throughout the right lower extremity. There was
no history of back trauma or prior spinal surgery.

Imaging studies included a CT myelogram, which
showed an abnormality of the spinal cord at T3-T4.
The CSF space was locally wider dorsal to the cord,
and the cord was displaced anteriorly. This was inter-
preted as a dorsal arachnoid cyst compressing the
spinal cord and displacing it ventrally. Surgical lami-
nectomies of T3 and T4 were performed, and the
dura was opened in the dorsal midline. The dorsal
arachnoid did not form a cyst. The cord appeared
abnormally thinned in the anteroposterior dimension,
and was positioned ventrally within the spinal canal.
The ventral surface of the cord was not explored.

Postoperative MR imaging (Fig 1A) showed un-
changed displacement of the cord at the T3-T4 level
ventrally and ventrolaterally (to the left). A second
opinion led to the diagnosis of a ventrolateral trans-
dural spinal cord herniation. A defect in the ventral
dura appeared to extend from the caudal aspect of T3
to the caudal aspect of T4 (which had not been ap-
preciated on the preoperative CT myelogram) with a
widened ventrolateral epidural space. There was no
notching of the vertebral body anterior to the cord.

Clinically, the patient’s neurologic deficits contin-
ued to progress, and a second operation was per-
formed. Grossly, the dorsal arachnoid was normal
and the configuration and position of the cord ap-
peared unchanged from the initial surgical exposure,
with displacement ventrolaterally toward the left.
Traction on the locally divided left dentate ligament
allowed gentle rotation of the cord dorsally and to the
right, thereby exposing a defect in the ventral dura
approximately 6 mm wide and 22 mm long. The epi-
dural space ventral to this dural defect was pale and
smooth. Near the center of the dural defect was an
exiting spinal nerve root (Fig 1B). At the rostral end
of the dural defect, a small lobule of herniated spinal
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cord was seen, approximately 4 X 4 mm in size,
tethered by the rostral arcuate margin of the dural
defect and minimal adhesions. After resection of
these adhesions, the herniated cord lobule was freed
to move back against the cord surface, reducing the
overall cord deformity (Fig 1C). However, the lobule
did not completely flatten into the cord. The ventro-
lateral dural defect was closed with fine sutures.

Postoperatively, the patient had no new deficits,
and by 2 months reported improved strength in the
left and less discomfort in the right lower extremities.
Her status then stabilized, and has remained so for 18
months. An MR study of the thoracic spine per-
formed several months after the second operation
showed that the cord remained within the spinal canal
and was mildly narrowed.

Case 2: Posttraumatic Herniation, Isolated
Unilateral Pyramidal Signs

A 46-year-old man had a 3-year history of back
pain, paraspinal muscle spasms, and progressive
weakness in the left lower extremity, occurring sub-
sequent to a whiplash injury incurred while standing
in a boat. The patient described initial torso hyperex-
tension followed by torso flexion, and immediate on-
set of pain in the lumbar region. Pain and muscle
spasms extended to the upper thoracic level during
the subsequent weeks. His initial neurologic exami-
nation 2 months after the injury noted symmetrical
reflexes at the knees, no objective deficits, and prom-
inent paraspinal muscle spasms. Findings on a lum-
bosacral CT scan were normal. His thoracic back pain
persisted, and moderate weakness of the left lower
extremity developed gradually over the next 3 years.
He had no sensory or bowel-bladder disturbances.

Subsequent neurologic examinations revealed hy-
perreflexia of the left knee, an extensor toe on the
left, and moderate weakness of the left lower extrem-
ity. An MR study of the lumbosacral spine showed
disk desiccation at L4-L5 with mild disk bulging,
otherwise unremarkable. Findings on MR studies of
the brain and cervical cord were normal. However,
the thoracic MR study revealed focal ventral displace-
ment of the cord at the midthoracic level, with scal-
loping of the dorsal wall of the T6 vertebral body (Fig
2A). The spinal cord at this level was thin and showed
T2-weighted hyperintensity. Dorsal to this defect ap-
peared to be a capacious space with CSF signal char-
acteristics on MR images, which opacified with ad-
ministration of intrathecal contrast material at
myelography (Fig 2B). Axial CT myelography showed
sclerotic notching of the dorsal margin of the T6
vertebral body, most prominent to the left of midline,
into which protruded the left side of the rotated
spinal cord (Fig 2C). At the caudal aspect of the T6
vertebral body, a nuclear trail sign was seen (Fig 2D).
The right side of the cord remained within the con-
fines of the spinal canal. Caudal to T6 the spinal cord
regained a normal configuration; however, it re-
mained thin in caliber. A diagnosis of transdural spi-
nal cord herniation was made.
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At surgery, the cord was very thin grossly at the
midthoracic level. A dural defect approximately 4 mm
in diameter was identified ventrally to the left of
midline at T6. The left side of the cord was herniated
through this defect and attached by duplicated dural
membranous tissues to the dorsal vertebral body of
T6, which was notched. This membranous tissue ap-
peared to represent a pseudomeningocele pouch, into
which the cord had been partially drawn. The pouch
was excised, and the cord assumed a more normal
configuration. The vertebral notch was packed with
muscle and the dura closed with fine sutures.

The patient’s back pain and spasms were dramati-
cally relieved postoperatively, and his left lower ex-
tremity weakness improved over the first 2 months.
However, by 4 months, back pain and spasms had
recurred, and the left lower extremity weakness had
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Fic 1. Case 1: spontaneous spinal
cord herniation.

A, Sagittal T2-weighted MR image
(4050/102 [TR/TE.4]) shows an appar-
ently dilated CSF space dorsal to the
ventral cord herniation.

B, Intraoperative view before surgical
reduction shows a spinal root exiting
through the dural defect, which may
suggest a preexisting congenital abnor-
mality.

C, The herniated lobule is now re-
duced against the major cord surface,
but the lobule does not completely flat-
ten into the cord.

Longest thin white arrow points from
the dorsal surface of the vertebral canal
toward the ventrally retracted spinal
cord; O, indicates the spinal cord;
curved solid arrow, the cord lobule her-
niated into the epidural space; small
black arrow, the rostral end of the ventral
dural defect; medium length thin white
arrow, the caudal end of the ventral dural
defect; small white arrows, the ventral
dura; open curved arrow, the spinal
nerve root; large black arrow, the epi-
dural space.

progressed. A repeat MR examination was un-
changed from the initial postoperative MR study,
showing the cord positioned wholly within the spinal
canal, with persistent intramedullary T2-weighted hy-
perintensities, consistent with myelomalacia (Fig 2E).

Case 3: Posttraumatic Herniation, Dorsal
Thoracic Herniation with Syrinx

A 35-year-old man had a slowly progressive spastic
paraparesis and a remote history of trauma to the
thoracic spine 17 years earlier. MR images showed
features of extensive syrinx cavitation from C2 to T8
and a dorsal cord herniation at the T3 level (Fig 3A).
The syrinx appeared to extend into the herniated cord
(Fig 3B). The surgical and postoperative courses are
unknown.
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Fic 2. Case 2: posttraumatic spinal cord herniation.

A, Sagittal T1-weighted spin-echo MR image (600/11/2) shows the spinal cord (arrow) is thin and situated close to the dorsal T6

vertebral body.

B, Sagittal CT myelogram with reconstruction shows notching of the dorsal T6 vertebral body (arrow), ventral displacement of the
spinal cord, and contrast material filling an apparently dilated CSF space dorsally.
C, Axial CT scan shows herniation of the ventral spinal cord to the left, with sclerotic notching of the T6 vertebra (arrow) and rotation

of the cord toward the notching.

D, Nuclear trail sign (arrow) is seen just below the site of cord herniation, suggesting a previously herniated nuclear disk fragment.
E, Sagittal postreduction T2-weighted MR image (4200/80/4) shows the cord wholly positioned within the spinal canal. Intramedullary
hyperintensity (arrow) is seen, which may be an unfavorable prognostic sign.

Case 4: Posttraumatic Herniation, Dorsal
Herniation of Conus

A 46-year-old man fell off a 25-foot wall, sustaining
an L1 burst fracture, which resulted in clinical para-
paresis, worse in the right lower extremity. The pa-
tient underwent L1 anterior vertebrectomy with in-
strumentation and stabilization, and had some
improvement in motor functioning. No posterior sur-
gery was performed at that time.

Over the subsequent 10 months, significant back
pain developed, radiating into the right buttock and
right lower extremity with loss of tendon reflexes and
neurogenic bowel and bladder disturbances. Myelog-
raphy (Fig 4A) showed a dilated CSF space anterior
to a dorsally displaced conus medullaris at L1. Axial
MR images (Fig 4B) showed herniation of dura and
cord dorsally to the right, through the right bony
lamina of the L1 vertebra, and hyperintensities within
the herniated conus.

Combined orthopedic and neurosurgical interven-
tion at L1 resulted in an L1 laminectomy, exposing
the bony defect through which herniated portions of
the conus and right sacral nerve roots. Dural reflec-
tions were found along both the medial and lateral
aspects of the laminal defect. Postoperatively, the
patient has had no significant change in his functional
status or pain.

Case 5: latrogenic Herniation, Unilateral
Pyramidal-Sensory Signs

A 33-year-old man had neck pain, sensory loss in
the left lower extremity, and progressive clumsiness in
the left hand. Sixteen years earlier, he had sustained
a traumatic odontoid fracture with C1-C2 instability,
and had undergone posterior cervical wiring. Cur-
rently, cervical spine radiographs showed broken wir-
ing beneath the lamina of Cl, and myelography



AJNR: 19, August 1998

A
\

\
Bl
*‘
"

showed the wire to be indenting the cord dorsally at
C2. At surgery, the wire was removed, and CSF flow
was noted, indicating a dural tear, which was not
repaired surgically nor overlaid with gelatin sponge or
Surgicel. Subsequent improvement in all signs and
symptoms was sustained for approximately 2 weeks.
Thereafter, the neck pain returned and the sensori-
motor deficits on the left increased. The patient’s
reflexes became diffusely hyperactive, with an exten-
sor toe on the left. A repeat myelographic CT exam-
ination (Fig 5) suggested herniation of the spinal cord
at C1-C2 dorsally to the left, with extravasation of
contrast material into the dorsal epidural space and
dilatation of the CSF space ventral to the herniated
cord.

Additional surgery was performed, which con-
firmed a dural tear dorsally with herniation of the
spinal cord below the lateral aspect of the posterior
arch of C1 on the left. No arachnoid cyst was seen
ventral to the cord herniation. Subdurally, fibrotic
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Fic 3. Case 3: posttraumatic spinal
cord herniation.

A, Sagittal T1-weighted MR image
(600/20) shows an apparent syrinx cavi-
tation (open arrows) extending from C2
to T8, with a dorsal herniation of the
spinal cord at T3 (arrow).

B, Enlarged detail at the T3 herniation.
All previously reported thoracolumbar
herniations had been ventrally directed.

scar tissue had formed a subdural membrane, which
was sectioned along with arachnoid adhesions to free
the incarcerated cord. The subdural membrane, as
well as dural sutures, was used to repair the dural
opening, which was overlaid with gelatin sponge. Sta-
bility was restored via C1-C3 interlaminar fusion with
wire and rib graft. The left hemiparesis resolved on
the first postoperative day, and the patient resumed
ambulation. Long-term follow-up results are not
available.

Discussion

Owing to the infrequent occurrence of spinal cord
herniation and to the previously unreported features
of cases 2 through 5, an analysis of all available cases
of spinal cord herniation is required to delineate the
full spectra of imaging and clinical features, which are
summarized in Tables 1 through 3. Previously unre-
ported imaging features found among the current
cases include the nuclear trail sign (case 2), the in-

Fic 4. Case 4: posttraumatic spinal cord herniation.

A, Sagittal myelogram shows contrast material filling an apparently dilated CSF space
anterior to the spinal cord (arrow), which is dorsally displaced at the L1 level.

B, Axial fast spin-echo MR image (3200/80) shows herniation of the dura and cord at
the L1 level, dorsally to the right, through a defect in the bony lamina (arrow). Intramed-

ullary hyperintensities are seen.

Fic 5. Case 5: iatrogenic spinal cord herni-
ation after excision of a broken fixation wire
without repair of the dura. Axial CT myelo-
gram shows herniation of the cord (small ar-
row) at the C1-C2 level, dorsally to the left,
with extravasation of contrast material into
the dorsal epidural space (large arrow).
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TABLE 1: Spontaneous cord herniations
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Age (y)/

Author Sex of Spinal He'rmaFlon Spn.lal Clinical Deficits Meningeal Postoperative Course
. Level Direction Pain Cyst
Patient
Masuzawa et al (5) 36/M T4-T5 VL + Brown-Séquard + Complete recovery
Isu et al (9) 43/F T5-T6 VL - Brown-Séquard + Improved
45/F T2-T3 VL - Myelopathy + Improved
Tronnier et al (10) 45/F T3-T4 A\ + Unilateral sensory - Worsened, then improved
Nakazawa et al (11) 43/F T2 VL - Brown-Séquard - Improved
39/F T4-T5 \Y% - Brown-Séquard - Improved
Kumar et al (12) 38/M T7-T8 VL - Brown-Séquard - Complete recovery
Borges et al (13) 68/F T7-T8 VR - Brown-Séquard - Complete recovery
48/F T7-T8 VL - Brown-Séquard - Improved
Miura et al (15) 49/M T5-T6 VR - Myelopathic + Improved
Hausmann and Moseley (16) 57/F T6 VL + Brown-Séquard - Improved
36/M T6-T7 VR + Myelopathy - NR
51/F T6-T7 VL - Brown-Séquard NOp NOp
49/M T4-T5 A% - Myelopathy NOp NOp
Uchino et al (17) 71/F T4-T5 \% - Myelopathy + No improvement
61/F T6 VL - Brown-Séquard - Improved
Present study, case 1 55/F T3-T4 VL - Brown-Séquard - Improved

Note.—V indicates ventral; L, left; R, right; +, present; —, absent; NRp, not reported; NOp, not operated on.

tramedullary MR hyperintensities (cases 2 and 4), the
dorsally directed thoracolumbar herniations (cases 3
and 4), and the apparent syrinx (case 3). Previously
unreported clinical features include the unilateral py-
ramidal-sensory signs (case 5) and the isolated unilat-
eral pyramidal signs (case 2). Most published reports
include only one or two cases of spinal cord herniation,
with the largest series (16) reporting four cases.
Spontaneous spinal cord herniations, summarized
in Table 1, occurring in the absence of apparent
spinal trauma or spinal surgery, account for 17 (57%)
of the 30 known cases of spinal cord herniation. Our
case 1, a woman with painless progressive Brown-
Séquard syndrome due to a ventrolaterally directed
herniation at the thoracic level with improvement
after surgical intervention, is typical of previously
reported cases. Twelve of the 17 reported patients are
women, in contrast to only one woman among the 13
patients with posttraumatic or iatrogenically occur-
ring herniation. Eleven (65%) of the 17 patients with
spontaneously occurring herniation had signs charac-
teristic of Brown-Séquard syndrome. Five patients
had more diffuse myelopathic signs (paraparesis,

TABLE 2: Posttraumatic cord herniations

sphincter disturbances, sensory levels), and one pa-
tient had unilateral sensory signs.

Posttraumatic spinal cord herniations are summa-
rized in Table 2. Only one of these seven patients had
Brown-Séquard syndrome. Although Brown-Séquard
described this syndrome of hemimyelopathy associ-
ated with spinal trauma as long ago as 1869 (18), no
cases associated with posttraumatic spinal cord her-
niation were reported until 1995, and this occurred in
a patient 48 years after shrapnel injury (13). Four of
the remaining six patients with posttraumatic spinal
cord herniations had diffuse myelopathic signs,
whereas one had unilateral sensorimotor deficits, and
the sixth (our case 2) uniquely manifested unilateral
pyramidal signs. Case 3 represents the initial report of
an apparent (not surgically confirmed) syrinx associ-
ated with spinal cord herniation (Fig 3B).

All 17 spontaneous cases and five of the seven
posttraumatic cases were associated with ventrally or
ventrolaterally directed spinal cord herniations at the
thoracolumbar level. Our cases 3 and 4 represent the
initial reports of dorsally directed herniations at
the thoracolumbar level.

Age (y)/ . . . . .
Author Sgex (gf) Spinal He.rnlaFlon Splr'lal Clinical Deficits Years since  Meningeal Postoperative Course
. Level  Direction Pain Prior Trauma Cyst
Patient
Wortzman et al (3) 63/M T7 \'% + Myelopathy 31 - Worsened, then improved
6
Sachdev et al (6) 44/F L1 VR + R leg sensorimotor 12 + Worsened, then improved
Borges et al (13) 68/M T2-T3 VL - Brown-Séquard 48 - Improved
Urbach et al (14) 44/M T5-T6 VR - Myelopathy 38 - Improved
Present study
Case 2 46/M T6 VL + L leg pyramidal 3 - Improved, then worsened
Case 3 35/M T3 D NR  Myelopathy 17 NR Unknown
Case 4 46/M L1 DR + Myelopathy 1 - Unchanged

Note.—V indicates ventral; D, dorsal; L, left; R, right; +, present; —, absent; NR, not reported.
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TABLE 3: Iatrogenic cord herniations

SPINAL CORD HERNIATION 1343

Age (y)/

Author Sex of Spinal He.rniaFion Spirllal Clinical Deficits Y.ears since Meningeal Postoperative
. Level Direction Pain Prior Surgery Cyst Course
Patient
Cobb and Ehni (1) 39/M C5-Co6 D +  Myeloradiculopathy 3 - Improved
Goodman and Gregorius (2) 54/M C4 D —  Myelopathy 7 + Improved
Burres and Conley (4) 41/M Cc2 D +  Myelopathy 18 + Improved
Mizuno et al (7) 55/M Co6-C7 D —  Myelopathy 13 + NR
Dunn et al (8) 33/M C1-C2 DL +  Radiculopathy 15 - Complete
recovery
Present study, case 5 33/M C1-C2 DL +  Unilateral pyramidal-sensory 16 - Improved

Note.—D indicates dorsal; L, left; +, present; —, absent; NR, not reported.

All cases of iatrogenic (postoperative) herniations,
summarized in Table 3, were associated with dorsally
or dorsolaterally directed herniations at the cervical
level. Four of the six postoperative patients had pre-
viously undergone laminectomies with dural open-
ings. In one patient the dural defect was covered with
gelatin sponge (1) and in another it was covered only
by closure of the surgical wound (2); the remaining
two cases were lacking details of the initial laminec-
tomies, which had been performed more than a de-
cade earlier (4, 7). Like our case 5, the remaining case
was associated with a dural tear caused by a broken
fracture-fixation wire (8). Hence, a dorsal dural de-
fect was produced iatrogenically in each of these six
cases. Clinically, these iatrogenic herniations were
manifested by diffuse myelopathic signs in three pa-
tients, by myeloradiculopathic signs in one patient, by
radiculopathic signs in one patient, and by unilateral
pyramidal-sensory signs in one patient (case 5); they
did not occur in any patient with Brown-Séquard
syndrome. Like the patients with posttraumatic her-
niation, the patients with an iatrogenic origin experi-
enced a long delay before the onset of clinical signs
and symptoms of spinal cord herniation, averaging
15.5 years from fixation wire placement and 10.2
years from cervical laminectomy. It is presumed that
failure to close the dura resulted in persistence of the
dural defects.

The mechanisms for the dural defects in the 24
thoracolumbar herniations are less obvious. It is pre-
sumed that trauma precipitated the dural tears in the
seven patients with known previous trauma. In our
case 2, we found a nuclear trail sign (Fig 2D) at the
level of the dural defect, which had not been reported
previously. Such densities at the level of the disk or
vertebral endplate have been proposed to represent
sclerotic changes in the path of a previously herniated
nuclear disk fragment, present in up to 45% of tho-
racic disk herniations (19). It is likely that our case 2
had suffered a herniated thoracic disk at the time of
his trauma 3 years prior to presentation, evidenced
now only by the nuclear trail sign.

A congenital abnormality is suggested in case 1 by
the presence of a nerve root traversing the central
portion of the dural defect into the epidural space
(Fig 1B). Additionally, the associated lobule of her-
niated cord once surgically released fell back against
the cord but did not seem to flatten into the cord (Fig

1C), suggesting the cord may have been malformed
congenitally. There were no congenital anomalies of
the spine reported among the remaining 16 sponta-
neously occurring spinal cord herniations, although it
is possible that dural defects may have been congen-
itally present or acquired by subclinical trauma. Thus,
the mechanism of the dural defect remains obscure in
these 17 cases.

A mechanism for spinal cord herniation through an
established dural defect has been proposed by Kumar
et al (12). When the dural defects are situated dor-
sally at the cervical level or ventrally at the thoracic
level, the cord is closer to such defects, owing to the
normal curvature of the spine, which positions the
cord more dorsally at cervical levels and more ven-
trally at thoracic levels. Both the cord and dura are
normally mobile, with motion in the craniocaudal
direction during spine flexion and extension, and pul-
satile motion in the anteroposterior direction at both
respiratory and cardiac rates. Kumar et al proposed
that these anteroposterior movements might be exag-
gerated in the presence of a dural pouch or cyst.
Indeed, Goodman and Gregorius (2) directly ob-
served increased cord bulging through a dorsal cervi-
cal dural defect into an extradural cyst with each
heartbeat, and more so with each respiration. Uchino
et al (17) proposed that as cord herniation occurs, the
meninges opposite to the direction of the herniation
may be pulled with the herniated cord, resulting in an
invagination and duplication of the arachnoid, which
may form arachnoid cysts. Cysts were found intraop-
eratively in nine (30%) of the cases. Adhesions may
develop as the cord comes into sustained dural con-
tact. As the adhesions and the herniated cord itself
block CSF communication with any cyst, pseudome-
ningocele, or duplicated dural pouch at the defect,
the normal CSF pulsations within the spinal canal
may further increase the degree of cord herniation
and incarceration, thus accounting for the progressive
nature of the clinical deficits. Intraoperative sono-
graphic monitoring of spinal cord motion has shown
that cord motion is maximal in the areas of most
severe disease (20). However, the long delay in onset
of symptoms among posttraumatic patients would
suggest that the pathophysiology is an insidious process.

Although the dura is considered a pain-sensitive
structure, pain was reported in only 12 (40%) of the
30 cases. Pain was least frequently reported among
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the spontaneously occurring spinal cord herniations,
affecting only 23% of such patients. Among posttrau-
matic and iatrogenic herniations, pain was reported in
the majority (61%) of cases.

Imaging studies characteristically show the cord
appearing small, rotated, and displaced, with an ap-
parently dilated CSF space opposite to the direction
of cord displacement (Fig 2A). This apparently di-
lated CSF space represents the void left by the her-
niated cord. In such cases, the CSF space would be
expected to follow the signal characteristics of normal
CSF on MR sequences (Figs 1A and 2A) and to fill
readily with intrathecal contrast material (Fig 2B).
This could also be interpreted as an expansive com-
municating arachnoid cyst compressing the cord or as
spinal cord adhesions from posttraumatic or postop-
erative fibrosis that have tethered the cord to the dura
against the wall of the spinal canal. Axial images may
be helpful in distinguishing a compressed cord from a
herniated cord, especially if the dural defect has al-
lowed only the lateral portion of the cord to herniate
into bony defects or notches (Figs 2C, 4B, and 5).

Surgical release of the incarceration, with repair of
the dural defect appears to result in a good outcome
in most patients. Although long-term follow-up was
not available for all patients, only one patient (our
case 2) worsened after surgery. This patient’'s MR
examination showed T2-weighted hyperintensity
within the cord (Fig 2E). Similarly, intramedullary
hyperintensity was seen in case 4 (Fig 4B), and this
patient did not display clinical improvement postop-
eratively. Such MR findings may predict less potential
for recovery. Four (13%) of the 30 patients made a
full recovery and three (10%) had initial worsening
followed by clinical improvement.

Conclusion

Herniation of the spinal cord is a rarely encoun-
tered cause of myelopathy. Previously unreported
clinical features include unilateral isolated pyramidal
signs (case 2) and unilateral pyramidal-sensory signs
(case 5). Previously unreported imaging features in-
clude a nuclear trail sign (case 2), dorsally directed
thoracolumbar herniations (cases 3 and 4), an appar-
ent syrinx (case 3), and intramedullary hyperintensi-
ties on T2-weighted MR images (cases 2 and 4). The
most common manifestation is a thoracic level
Brown-Séquard syndrome from an anterior cord her-
niation, typically occurring spontaneously in women
and posttraumatically in men. Dorsally directed cord
herniations characteristically occur iatrogenically at
cervical levels and may include root symptoms. There
is typically a delay of several years to decades between
the clinical presentation and any antecedent trauma
or spinal surgery. Deficits are progressive and, with
surgical intervention, recovery is often excellent. Im-
aging studies showing a small rotated cord displaced
ventrally or dorsally at the thoracolumbar levels, or
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displaced dorsally at the cervical level, and a commu-
nicating, apparently dilated, CSF space are suggestive
of transdural spinal cord herniation.
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