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The Wedge-Shaped Cord
Terminus: A Radiographic Sign of
Caudal Regression

Imaging studies from 13 patients with caudal regression were reviewed retrospec-
tively to assess the spectrum and findings of this anomaly. Seven patients were
evaluated with MR and six with myelography (supplemented with CT in three). The level
of regression varied from T9 to the coccyx. Although osseous abnormalities were more
readily identified and characterized by CT, MR effectively depicted the level of vertebral
regression, presence of central spinal stenosis, and vertebral dysraphic anomalies. MR
demonstrated a characteristic wedge-shaped (longer dorsally) cord terminus in seven
of the patients. When this characteristic cord terminus is seen, imaging of the lower
lumbar and sacral regions should be performed to verify the diagnosis of caudal
regression. Tethered spinal cords have been described in patients with caudal regres-
sion and were seen in two of our patients.

We present the first cases of individuals who have survived with absence of vertebrae
above the T10 level and an unusual case of caudal regression with absent lumbar
vertebrae and preserved lower sacral and coccygeal vertebrae. The syndrome of caudal
regression encompasses a wide spectrum of pathology that is analyzed well by modern
imaging techniques.
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The spectrum of caudal regression syndrome ranges from isolated asymptomatic
coccygeal aplasia to absent sacral, lumbar, and thoracic vertebrae with associated
severe neurologic deficits [1, 2]. Most patients are initially evaluated for orthopedic
and urologic complaints, but some present with progressive neurologic deficits
resulting from tethering of the spinal cord that may be amenable to surgical therapy.
Tethering may result from dural sac stenosis or from a lesion that prevents ascent
of the spinal cord during growth [2]. Traditionally, positive contrast myelography
supplemented by CT has been the study of choice. Recently, MR has been shown
to be of great value in the imaging of congenital spine anomalies [3]. Moreover,
the noninvasive nature of MR makes it especially advantageous in young, debifi-
tated patients such as many of those with caudal regression. In this article, the
MR, myelographic, and CT-myelographic appearance of 13 patients with caudal
regression is evaluated and related to the pathologic features and embryogenesis
of the syndrome.

Subjects and Methods

Imaging studies were retrospectively evaluated in 13 patients with caudal regression
syndrome. Seven patients were studied by MR (Table 1) and six by myelography (supple-
mented with CT in three) (Table 2). The average age of the four girls and nine boys was 8
years old (range, 3 weeks to 19 years). They initially presented with neurogenic bladder
(eight), anal atresia (three), renal dysplasia (one), orthopedic deformities (three), and extrophy
of the bladder (one). (Several patients had more than one presenting symptom.)
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Five patients were studied on a GE 1.5-T whole-body supercon-
ductive magnet with surface receiving coils, and two were examined
on a 0.35-T Diasonics magnet. Technique included spin-echo (SE)
sequences with data obtained in either 128 or 256 views in the phase-
encoding direction and 256 views in the readout direction with a two-
dimensional Fourier transform reconstruction algorithm. The field of
view ranged from 20 to 30 cm depending on imaging plane. All
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patients were imaged in a supine position in the scanner with sagittal
3- to 5-mm-thick sections and 500-1000/20-70/2—-4 (TR/TE/excita-
tions). Five-millimeter-thick axial SE sections with 650-1000/20-40
were available in five of seven patients.

Six patients had myelograms that in three were supplemented with
CT. Myelograms were performed after intrathecal administration of 3
to 5 ml of metrizamide (170 mg |/ml) installed via cervical or lumbar

TABLE 1: Summary of Patient Data for Caudal Regression as Determined by MR

Vertebrae i
Patient Age at Clinical L%\fr'd()f Shape of Cord  Myelomalacia/f Tethering Borgaﬁgmal Bony
No. Imaging Presentation Ih’?asét Lt Terrrimues Terminus  Syringohydromyelia Lesion Stenosis Abnormality
1 7yr  Neurogenic L3 L4 Mid-T10 Biunted/oblique No No Severe at L3  Fused L3,
bladder; L4
clubfoot
2 16 yr  Anal atre- S1 S2 L3-14 Tapered, stretched Yes Fibrolipoma No L4-L5 con-
sia; hy- of filum genital fu-
droce- sion;
phalus spina bi-
caused fida of L1
by aque-
ductal
stenosis
3 15yr  Neurogenic  S1 S2 Mid-T11 Blunted/oblique, No No Stenotic from  Hypoplastic
bladder longer dorsally L2 inferiorly spinous
process
of L5
4 14yr  Neurogenic  S1 S§2 T11-T12 Blunted/oblique, No No Marked from  Absent L5
bladder longer dorsally L4 inferiorly spinous
process
5 8 mo Urinary T7 T8 T5 Blunted/oblique, NA No Severe at T7- Absent T8
bladder longer dorsally T8 spinous
extrophy process
6 14yr  Neurogenic  Si §2 T12-L1 Blunted/oblique, No No No Spina bifida
bladder longer dorsally . ofs2
7 7yr  Neurogenic  Si 83 Ti2-L1 Blunted/oblique, No No No Spina bifida
bladder; longer dorsally of §2
lower ex-
tremity
weak-
ness
TABLE 2: Summary of Patient Data for Caudal Regression as Determined by CT-Myelography
; - VR pwmiof Shapeof  Myelomalacia/ . Bony Spinal
P?\}fm Irﬁga‘;i':tg Pr ei'g:faatli on Last Cord Cord Syringohydro- Tﬁgls?(r)l:g Canal Bony Abnormality
g ntact L@t Terminus Terminus myelia Stenosis
8 1mo Analatresia S1 NA S3-S4 Bulbous NA Lipomatous No Dysraphic S2
9 3wk Bilateralrenal L1 L2 T9-T10 Blunted/oblique, NA NA NA Fused L1, L2 articulate
dysplasia longer dor- with ilia
sally
10 3yr Neurogenic T9 T9 T8-T9 Oblique, not NA No No T9 spina bifida; ilia ar-
bladder well seen ticulate with sacrum
11 2yr Bilateralhip T8 T9 Mid-thoracic NA NA No NA Absent lower thoracic
disloca- spine and entire lumbar
tions; anal spine; sacrum pres-
atresia ent with spina
bifida
12 19 yr Neurogenic S1 82 Mid-T12 Bulbous (no lat) NA NA Yes S1, Duplex spinous proc-
bladder S2 ess of S1
13 4 yr  Club foot; L5 8§t NA NA NA NA NA llia articulate with L5
neurogenic

bladder
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puncture. Anteroposterior and lateral radiographs were obtained in
five cases and only anteroposterior myelographic films were available
in a single patient. After myelography, CT was performed on a GE
9800 unit with 120 kV and 70 to 140 mAs. Lateral scout images
were obtained for planning locations of horizontal sections. Five- to
ten-millimeter contiguous sections were then obtained through the
region of interest in all three patients and additional direct 3-mm
sagittal images were available in one.

Evaluation of each study included level and shape of spinal cord
terminus with correlated level of bony agenesis, any bony central
spinal canal stenosis, and any intrinsic spinal cord abnormality. Dys-
raphic anomalies of the vertebral bodies were characterized, and the
relative difficulty in assessing osseous defects on MR scans was
determined subjectively.

Resuits
Level of Vertebral Agenesis

In all but one case, the level of vertebral column termination
could be determined on either MR images or on plain films
(Fig. 1). In that isolated instance, overlying bowel gas pre-
vented the exact identification of the last vertebrae on plain
fims. In the remaining patients, the last vertebrae was T8-
T9 in three patients (25%) (Fig. 2), T10-T12 in no patient
(0%), L1-L5 in two patients (17%), and S1 or lower in seven
patients (58%) (Tables 1 and 2). Below the last intact verte-

Fig. 1.—Patient 13. 4-year-old girl. Anteroposterior (A) and lateral (B) radiographs show level
of vertebral column termination at $1. lliac wings articulate with L5 and hypoplastic $1 vertebrae.
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brae, the terminal one to two vertebrae were hypoplastic
(Figs. 1 and 3-5). All our subjects had symmetrical sacral
agenesis; none had hemisacrum. In one patient, the lower
sacrum and the coccyx were identified despite absent verte-
brae in the lower thoracic, entire lumbar, and upper sacral
regions (Fig. 6).

Level and Shape of Cord Terminus

In all patients the cord terminated above the last intact
vertebral body. In one patient, lateral views from the myelo-
gram were not available; therefore, the exact location of the
cord terminus could not be determined. Both MR and CT-
myelography adequately showed the level of the cord termi-
nus, but MR more accurately demonstrated its shape because
direct sagittal images can be obtained. However, no direct
comparisons were made between the imaging techniques in
the same patient.

The caudal end of the spinal cord appeared blunted and
angulated with the dorsal aspect extending farther inferiorly
than the ventral portion (wedge-shaped) in six of the seven
patients evaluated with MR studies (Table 1 and Figs. 2, 3,
and 7). In the remaining case, a fibrolipoma of the filum
terminale tethered the cord, which, therefore, had a gradually
tapered shape (Fig. 4). In one patient, CT-myelography dem-

Fig. 2.—Patient 5. 8-month-old boy with severe
caudal regression. Sagittal spin-echo image, 650/40.
Vertebral column terminates at T8 vertebral body (con-
firmed with radiographs), a level previously consid-
ered to be incompatible with survival. The T8 spinous
process is absent and the spinal canal is markedly
stenotic below the last intact vertebrae, T7. The char-
acteristic wedge-shaped cord terminus (arrow) is
seen opposite T5 vertebral body.
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Fig. 3.—Patient 1. 7-year-old boy born to a woman with diabetes mellitus.
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A, Sagittal spin-echo image, 1000/50, shows caudalmost vertebrae, L4, to be hypoplastic and fused to L3, the last intact vertebral body. Cord ends in

characteristic wedge shape (arrow) at T10 vertebral body level.

B, Lateral radiograph confirms fusion of hypoplastic L4 vertebral body to L3.

C, Axial spin-echo image, 1000/40. Narrow bony spinal canal (arrows) is entirely filled with fat, and no thecal sac is visualized. lliac bones articulate

with L4 vertebrae.

onstrated the characteristic wedge-shaped cord terminus
(Fig. 5). Of the remaining five patients assessed by myelog-
raphy and CT, the shape of the cord ending appeared slightly
bulbous in two and was inadequately visualized in three.

Intraspinal Lesions

MR. One 16-year-old patient had a low-lying cord terminus
and a thickened, fatty filum. The cord ended at the level of
the L3-L4 interspace (below the lowest accepted level of
mid-L2 by age 12 years) [4], and a small central area of
prolonged T1 (syringohydromyelic cavity/myelomalacia) was
present in the substance of the caudal spinal cord (Fig. 4).
This patient had anomalies of the extremities, anal atresia,
and congenital hydrocephalus. Spinal stenosis was not
present.

Myelography and CT. In a 1-month-old patient, a stretched
spinal cord ended in a lipomyelomeningocele at approximately
the S3-S4 level. Inadequate visualization of the internal ar-
chitecture of the cord prevented assessment for cord cavita-
tion or myelomalacia. No spinal stenosis was evident.

Spinal Canal Stenosis

MR. Five of the seven patients had severe central spinal
canal bony stenosis extending for several levels below the

last intact vertebrae (Figs. 3 and 7). The patient with filum
fibrolipoma was one of the two cases without spinal canal
stenosis (Fig. 6).

Myelography and CT. Bony spinal stenosis was present at
several of the caudalmost vertebral levels in one of the three
patients in whom canal size could be evaluated (axial CT and
lateral radiographic images were not available through the
region of interest in others). The patient with lipomyelomen-
ingocele was one of the two without central spinal stenosis.

Associated Bony Abnormalities

Plain films and CT scans exquisitely identified the dysraphic
posterior elements, fusion of vertebral bodies, spina bifida,
and a duplex spinous process (Table 2 and Fig. 6D). MR
images also demonstrated absent or hypoplastic spinous
processes in three patients (Fig. 2), vertebral body fusion in
two patients (Fig. 4A), and widened neural foramina in one
patient.

Discussion

The caudal regression syndrome occurs in one of 7500
births [1]. Although 16% of patients with caudal regression
are offspring of mothers with diabetes mellitus, only 1% of
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Fig. 4.—Patient 2. 16-year-old boy with caudal
regression syndrome also presented with find-
ings suggestive of tethered spinal cord syn-
drome.

A, Sagittal spin-echo image, 702/39. Caudal
end of cord is low-lying with tapered and
stretched cord terminus (arrow) ending opposite
L3-L4 interspace. L4 and LS vertebral bodies
are fused, S2 vertebrae is hypoplastic, and ver-
tebrae below S2 level are absent.

B, Axial spin-echo image, 650/35, through L5
level reveals fibrolipoma of filum terminale (ar-
row) to be the cause of tethering.

C, Axial spin-echo image, 650/35, at L2 shows
myelomalacia/syringohydromyelia (arrow) in
caudal end of spinal cord, a finding not uncom-
mon with tethering.

D, Axial spin-echo scan, 650/35, immediately
below hypoplastic S2 vertebral body shows a
narrow spinal canal (arrows) filled with fat and
devoid of thecal sac.

C

children with diabetic mothers have the caudal regression
syndrome [5, 6]. Hereditary factors appear to play no signifi-
cant role and most of the patients have normal chromosomes
[71.

Caudal regression syndrome consists of absence of a
portion of the caudal spine, frequently njunction wi
various_urologic, neurologic, and orthopedic problems. Our
observations confirm that more extensive vertebral regression

WEDGE-SHAPED CORD TERMINUS

?ﬂwws- For
xample, patients with coccygeal absence alone typically
remain asymptomatic, whereas patients with lumbar aplasia
develop lower extremity motor and sensory dysfunction as
well as urinary incontinence. Moreover, regression above the
T10 level has not previously been reported to
with life [8] (Table 1 and Fig. 2). ]
“These patients usually present with orthopedic problems
(including hip dislocations and equinovaru iti

feet), with udnaq.symmoms?associated with impairment of
detrussor function (in those with more than one missing sacral
segment), or (in severe cases) with urologic anomalies such
as bladder extrophy [9]. Neurologic manifestations include

-motor and sensory deficits that usually correspond to the

level of vertebral agenesis; in some patients, however, sen-

sory function persists below vertebral regression

corfpatible -
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[9]. The sensory examination remains an unreliable index to
the function of the urinary bladder, since patients with urinary
incontinence may have full perineal sensation [9]. The rectum
usually retains normal ganglia and nerve fibers [2, 7]. Neuro-
logic deficits may be static or progressive and, in the latter
situation, may be amenable to surgical treatment [2]. Pro-
gressive symptoms may result from dural sac stenosis, nar-
rowing of the caudalmost bony spinal canal, compression of
the spinal cord by bony excrescences arising from the verte-
bral bodies, myelomeningocele, lipomyelomeningocele, tight
filum syndrome, lipoma, diastematomyelia, and adhesive
arachnoid bands. Static neurologic manifestations probably
result from spinal cord dysplasia or dysplastic nerve roots;
the degree of dysplasia increases in the more caudal seg-
ments [1, 2, 10].

In the present study, MR scans depicted the level of ver-
tebral regression in all cases. Although CT more readily
characterized osseous vertebral abnormalities, sagittal and
axial MR scans clearly depicted central spinal canal stenosis
for various lengths above the level of vertebral regression in
five of seven patients (two patients had no bony central spinal
stenosis). MR also identified a tethered cord with a filum
fibrolipoma, which was the cause of progressive neurologic
deficits. The literature reports that the thoracolumbar spine is
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normal above the agenetic segments in only 65% of patients
[1], and MR images in our study clearly depicted two cases
of congenital vertebral body fusion, one case of hypoplastic
spinous process, and two cases of absent spinous processes.
The shape of the cord terminus was well depicted on all
MR scans and by myelography and/or CT in three of six
patients. In contradistinction to the normal conus medullaris,
which smoothly and gradually narrows, the spinal cord ended
in a wedge shape (the dorsal aspect of cord extending farther
caudally) in seven of eight patients with adequate images and
without evidence of a tethering lesion (Figs. 2, 3, and 7). This
characteristic wedge-shaped appearance may explain the fact
that the sensory deficit may occur at a lower level than the
motor deficit in some of these patients. We postulate that the
imaging and pathologic findings in the caudal regression
syndrome may be explained by the embryological develop-

ment of the spinal cord and the vertebrae [11] (Figs. 8-10).
The primitive streak and Hensen's node define the caudal
. . end of the embryo and give rise to the mesodermal layer and
oIdFv:vgiihst.iy_sl:)laa"seti'::t k?&n:x?;: the midline notochordal process [11, 12] (Fig. 8). The noto-
rect sagittal CT scan after a chord elongates in a cranial direction by addition of cells to
myelogram shows abnormal, jt5 caudal aspect and induces the transformation of the over-

abruptly terminated, horizontal 3 § .

cord terminus (arrow) at T9-  lying ectoderm into neuroectoderm (neural piate) (Fig. 8). The
T10 interspace. Horizontal ter-  induction is regional, with the more cranial portion of the
Fitfors stighy from cherector.  Motochord influencing the formation of the forebrain and the
istic wedge shape seen in other caudal portion affecting the Spine [1 2]. Since the head and
patients. L2, the caudalmost  the upper cervical spinal structures are usually normal in
SRR RO patients with caudal regression syndrome, the rostral noto-

Fig. 6.—Patient 11. 2-year-old girl born with anal atresia.

A and B, Anteroposterior (A) and lateral (B) radiographs reveal absence of vertebrae from T10 to mid-sacrum.

C, Myelogram performed via C1-C2 puncture (curved arrow points to myelogram needle at C1-C2) shows cord terminus to be at mid-thoracic level
(sfraight arrow). Contrast material did not enter sacral level.

D, Noncontrast axial CT scan shows soft-tissue density material (straight arrow) within caudal sacral spinal canal. Spina bifida of sacral vertebrae is
evident (curved arrows).

A C
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chord must have developed and induced the ectoderm in
those regions. Hence, degeneration of the notochord and the
neural tube in the caudal region as seen in this syndrome
must be a later phenomenon.

A

Fig. 7.—Patient 3. 15-year-old boy with neurogenic bladder.

A, Sagittal spin-echo images, 1000/20. Last vertebrae is S2 and bony
spinal canal is stenotic from L2 inferiorly (arrows).

B, Sagittal spin-echo scan, 1000/20, displays characteristic wedge-
shaped cord terminus (arrow) at mid-T11 vertebral body level.

WEDGE-SHAPED CORD TERMINUS
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The degeneration of the caudal spinal cord with sparing of
the rostral cord as well as our finding of the characteristic
wedge-shaped spinal cord terminus extending farther cau-
dally along its dorsal, compared with its ventral, aspect may
be explained by the peculiar circulation pattern during devel-
opment. The circulatory system functions by age 21 days
[11], and the neural tube is the first part of the embryonic
body to receive blood vessels spreading beyond their primary
location in the walls of yolk sac and digestive tube [11]. In
fact, the blood vessels reach and begin to spread over the
ventral surface of the neural plate even before the latter has
completely closed to form a tube [11]. Work with the pig
embryo reveals that the capillary network, which is initially
continuous with that of the adjacent mesenchyme, develops
first on the ventrolateral surface of the cord, then on the
ventral, and finally on the dorsal surface [13]. Given this
vascular distribution, delivery of teratogenic substances
would probably affect the notochord and the ventral neural
tube to a greater degree than the dorsal neural tube. More-
over, because of the increased metabolic activity in Hensen's
node, the circulation and the delivery of circulation-borne
teratogen may be increased in this caudal region (Fig. 10).
Rumplessness (a condition in fowls thatis equivalent to caudal
regression) has been induced in chickens with insulin and
other sulfur-containing blood-borne molecules, but the exact
association between maternal diabetes mellitus and caudal
regression syndrome remains unclear [2].

The previous discussion makes it apparent that degenera-
tion of the notochord in the region of Hensen's node may
occur without degeneration of the more rostral notochord.
Conceivably, a focal delivery of teratogen or a focal infectious

A.
Embryonic
ectoderm
Hensen's
node
Primitive
streak
C.
Fig. 8.—lllustration of neural ectoderm induc-

tion. Dorsal views (A and C) of embryonic disk

and sagittal sections (B and D) through embryo Embryonic <—

show primitive streak and its thickened cranial ectoderm

portion, Hensen's node, giving rise to midline

notochord. Notochord induces overlying ecto-

derm to differentiate into neuroectoderm. Primi- Hensen's

tive streak eventually degenerates and disap- node

pears. Caudal end of neural tissue (above Hen-

sen’s node) and notochord blend into an Primitive

aggregate of cells referred to as caudal cell streak

mass (see Fig. 10). (Modified with permission

from Moore [11], pages 52-54.)

B Primitive
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Embryonic Primitive

ectoderm streak
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Notochord
Newly
added CAf T 2en
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Fig. 9.—lllustration of neurulation and disjunction.

A, Transverse view. Neural plate dorsal to notochord invaginates along
its central axis to form neural groove and neural folds.

B, Transverse view. Neural folds fuse dorsally in midline to form neural
tube (neurulation). During the process of disjunction (of neuroectoderm
from cutaneous ectoderm), closure of neural tube squeezes neural crest
celis from neuroectoderm/surface ectoderm junction.

C, Transverse view. Neural crest cells then migrate (arrows) and even-
tually give rise to various structures including (D) dorsal ganglia. (Modified
with permission from Moore [11].)

or ischemic process could spare the caudalmost notochord
and caudal cell mass and result in formation of thoracic and
lower sacrococcygeal vertebrae with absence of lumbar ver-
tebrae, as seen in one of our patients (Fig. 6).

Even though the dorsal aspect of the spinal cord extends
farther inferiorly than the ventral aspect, the level of bony
agenesis corresponds to the level of the last ventral root. This
is explained by our postulate of a focal insult to the notochord
and the ventral cord, because the notochord influences the
formation of the vertebral body and the ventral region of the
spinal cord appears to be the key inducer of the neural arches
of the vertebral column [14].

Dorsal root ganglia development at several levels caudal to
the last vertebrae and the corresponding last ventral nerve
root has been described [9]. This phenomenon can also be

BARKOVICH ET AL.
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* Cranial
Dorsal Central
Tail / canal
=\ Neural
Caudal cell tube Ventriculus
mass terminalis
B.
Filum
terminale
Vacuoles
C.
D.
Caudal
regression
Connect with
central canal

Fig. 10.—lillustration of caudal spinal cord formation. Lateral views (A-
E) demonstrate vacuoles developing (canalization) in caudal cell mass,
which is inferior to portion of neural tube derived from neurulation (Fig. 9).
Vacuoles coalesce and make contact with central canal of neural tube.
The structures derived from canalization phase then undergo elongation
and narrowing (retrogressive differentiation) to form filum terminale, tip of
conus, and ventriculus terminalis.

Because, as noted in the text, early blood vessels develop first on
ventrolateral surface of cord (C, D) and blood flow is highest to caudal
regions (around Hensen's node), teratogenic substances would be deliv-
ered to caudal end of spinal cord and could result in degeneration of
caudal end of neural tube and the structures derived from the caudal cell
mass (F). If a high concentration of teratogens were delivered to the
ventral cord (as a resuit of greater ventral blood supply), the characteristic
wedge-shaped cord terminus (longer dorsally) would result. (Modified with
permission from Lemire et al. [19], pages 73 and 78.)

explained by analysis of the embryological development of
the spine (Fig. 9). At the time of disjunction, closure of the
neural plate squeezes the neural crest cells from the ecto-
derm. The extruded crest cells briefly form a loosely aggre-
gated midline mass dorsal to the spinal cord and subsequently
migrate to form dorsal root ganglia, autonomic ganglia adja-
cent to the dorsal aorta, cells of the adrenal medulla, and
melanocytes [12, 15, 16] (Fig. 9). Removal of the notochord
and neural tube after the crest cells have reached their
destination does not affect the survival or differentiation of
cells forming the enteric nervous system and autonomic gan-
glia [17]; the presence of ganglionic cells in the intestine of
patients with caudal regression syndrome suggests that the
teratogenic insult occurs after the migration of the neural
crest cell anlage of these structures. A restricted period of
development occurs, however, during which the neural crest
cells that compose the dorsal ganglia will perish shortly after
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migration if the neural tube is removed. After establishing
connections with peripheral targets, these cells increasingly
depend on trophic support from target organs rather than
CNS influence for further survival [18]. If the teratogenic insult
occurs after the critical stage of neural tube dependence,
some neural crest cells may survive and develop into dorsal
root ganglia at several levels caudal to the last vertebral body
and ventral root. The longer dorsal spinal cord may then
provide the substrate for central connections needed by these
dorsal ganglia. Alternatively, after an earlier exposure to ter-
atogens, the persistent dorsal cord could maintain CNS influ-
ence, enabling the dorsal gangiia to survive the critical stage
and subsequently establish connections with peripheral tar-
gets. We find no evidence to support one theory over the
other and it may be that both are valid.

In a majority of patients with caudal regression syndrome,
neural crest cells forming the dorsal root ganglia perish,
presumably as a result of neural tube degeneration during the
critical period after migration. This degeneration predictably
results in absence of spinal ganglia below the level of the
lowermost vertebrae, as seen in most patients with caudal
regression. As a result of absence of both notochord and
neural tube, the meninges, vertebrae, and paraspinous mus-
culature fail to develop. Urinary abnormalities, seen in the
majority of patients, probably result from disruption of sensory
input and motor output. Lesser abnormalities of the notochord
and neural tube would be expected to occur immediately
cranial to the level of complete degeneration; indeed, stenosis
of the dural sac and malformations of vertebrae such as
narrow bony canal and vertebral dysraphism are seen in many
patients, and in some instances are responsible for spinal
cord tethering. Other causes of tethering result from disrup-
tion of neurulation, disjunction, canalization, or retrogressive
differentiation (Figs. 9 and 10), all of which are more likely to
occur when the initial processes of cord development are
disturbed [19].

In conclusion, we have described MR findings in seven
patients with caudal regression syndrome. MR effectively
depicted the level of vertebral regression and the presence of
central spinal canal stenosis as well as the vertebral dysraphic
anomalies in our patients. MR was subjectively superior to
plain fims and CT-myelography at demonstrating the shape
of the caudal end of the spinal cord and the cause of cord
tethering (no direct comparisons were made between the
techniques in the same patient). The cord often ended in a
characteristic wedge-shaped terminus (longer dorsally), which
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may be a specific finding in caudal regression syndrome. We
have described an unusual finding of preservation of the lower
sacrum and coccyx with regression of the lumbar spine in a
patient, and, for the first time, surviving individuals with ver-
tebral regression above the T10 level. We propose a theory
based on embryological development to explain the various
clinical, pathologic, and radiographic findings in the caudal
regression syndrome.
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