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Abstract Background Spinal dysraphisms refer to the congenital abnormalities of the spine

and spinal cord due to aberrations in the processes of gastrulation, primary neurula-
tion, and secondary neurulation. Embryology of many complex spinal dysraphisms are
yet poorly understood and there is no agreeable anatomical-clinicoradiological
classification with inclusion of recently documented and complex spinal dysraphisms.
Aims and Objectives The main objective of this study was to review the imaging
features of spinal dysraphisms with a better understanding of embryological abnor-
malities and propose a new classification inclusive of all complex and unusual
dysraphisms based on anatomical and clinicoradiological correlation.
Materials and Methods This was a retrospective single institutional observational
study of 391 cases of spinal dysraphism for 10 years in our institution. Of 391 cases
included in the study, 204 were males and 187 were females. Also, 123 cases belonged
to the 0-6 months age group, 38 cases belonged to the 7-12 months age group, 156
belonged to the 1-5 years age group, 39 cases belonged to the 6-10 years age group,
and 35 cases belonged to 10-20 years age group.

Keywords Results An anatomical-clinicoradiological analysis of cases yielded a high proportion
= spinal dysraphism of cases of spinal lipomas, including lipomyeloceles and lipomyelomeningoceles
= embryology (31.3%) and posterior myelomeningocele (14.2%). Anterior myelocoele (0.2%), sacral
= magnetic resonance  chordoma(0.2%), and intrasacral meningocele (0.2%) formed the least proportion of
imaging cases. A new classification was proposed based on the analysis of acquired data.
= open spinal Conclusion A structured approach in imaging spinal dysraphism is necessary for
dysraphism imaging evaluation in recent years. The proposed new classification based on
= closed spinal clinicoradiological correlation and anatomic location is inclusive of unusual and
dysraphism complex dysraphisms.
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Introduction

Spinal dysraphism is a group of diverse conditions that have
variable imaging patterns. The purpose of this study was to
analyze unusual and complex dysraphism and propose a
new classification based on clinicoradiological correlation
and anatomical location. There is a necessity for detailed
embryological knowledge for a better understanding of
imaging.

Embryology

Spinal dysraphism results from aberrations in the closely
linked embryological processes occurring between the ges-
tational weeks 2 and 6, namely, gastrulation (2-3 weeks),
primary neurulation (3-4 weeks), and secondary neurula-
tion (5-6 weeks)."? The level of coordination between these
processes explains why the abnormal development of one
structure will be associated with the maldevelopment
of the other. The spinal cord up to the level of S2 (9/10th
of the cord) is formed by primary neurulation and the spinal
cord distal to it (terminal 1/10th) is formed by secondary
neurulation.

Gastrulation

By the end of the second gestational week (post-fertiliza-
tion), the inner cell mass of the blastocyst produces a
bilaminar disc composed of two layers—epiblast facing
the amniotic cavity and the hypoblast facing the yolk sac
(=Fig. 1). Gastrulation is the process of conversion of the
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Fig. 1 Bilaminar Disc. (A) Bilaminar disc with the development of the
amniotic cavity and the primary yolk sac followed by formation of the
primitive streak in (B) and (C).
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Fig. 2 Formation of the primitive streak (A) showing the formation of
the extra embryonic mesoderm and (B) and (C) showing the devel-
opment of the prochordal plate from the hypoblast, cranially and the
primitive streak from the cells of the epiblast, caudally. The formation
of the Hensen’s node at one end of the primitive streak establishes it
to be the cranial end of the primitive streak.

bilaminar disc into a trilaminar disc initiated by a primitive
streak. A narrow group of cells arises from the epiblast at
the caudal end of the embryo forming the primitive streak
(=Fig. 2). A rapidly proliferating group of cells forms at one
end of the primitive streak. This nodular proliferation
surrounding a small primitive pit, known as Hensen’s
node defines the cephalic end of the primitive streak. The
primitive node, which is a depression at the cranial end of
the streak, contains cells that are important for establishing
the embryonic axes. Epiblast cells migrate toward and
through the streak and node, detach and form two new
layers ventral to the remaining epiblast. The early cells
passing through the streak displace the original hypoblast
to form the endoderm, whereas cells migrating slightly later
create a new middle layer, the mesoderm (=Fig. 3). The
mesodermal cells organize in the midline to form the
notochordal process, which develops to become the noto-
chord (~Fig. 4). The sequential stages of notochordal devel-
opment include one where the notochordal process fuses
with the endoderm (intercalation), creating a communica-
tion of the central canal of the notochordal process with the
yolk sac. This communication is called the primitive neu-
renteric canal/canal of Kovalevsky. Notochord initiates the
process of neurulation by inducing the formation of the
neural plate from overlying ectoderm cells. Thus, the neural
plate is derived from the ectoderm and forms in the central

© 2022. Indian Radiological Association. All rights reserved.
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Fig. 3 (A) Surface view showing mesodermal proliferation and
coronal view (B) showing the formation of the trilaminar disc with
ectoderm, endoderm, and mesoderm.
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Fig. 4 Formation of the definitive notochord.

part of this upper layer. The remainder of the ectoderm
surrounding the neural plate forms the epidermis.> Thus,
gastrulation and neurulation continue simultaneously in
the human embryo.

Indian Journal of Radiology and Imaging

Classification of Spinal Dysraphisms Kathirvelu et al.

- Embryanic ectoderm—

=
@ \
‘.
o Meural
Il i late
| r ||l B
'l . -
' Motochordal
process
-

Hensans node || w e
Primitive streak !

. Neural plate

Fig.5 Formation of the neural plate from the ectoderm overlying the
notochord.

Primary Neurulation

The neural plate (~Fig. 5) elevates to form the neural folds
creating a neural groove in the midline. Pairs of somites,
representing collections of underlying mesoderm that ap-
pear on either side of the neural groove, form the vertebrae.
This mesoderm helps support the elevating neural folds.
Lateral borders of the neural plate elevate into neural folds,
which later fuse in the midline to form the neural tube.
Elevation occurs by the proliferation of underlying meso-
derm and hyaluronic acid. After elevation, the neural folds
furrow to form a neural groove, the edges of which eventu-
ally close to form a cord (=Fig. 6). This occurs through the
formation of hinge points using microfilaments and micro-
tubules. Neural tube closure first occurs near the junction of
the hindbrain and spinal cord at the level of the fifth somite.
It then proceeds in a zipper-like fashion cranially and
caudally (=Fig. 6E). The open regions of the neural tube
are called the anterior (cranial) and posterior (caudal)
neuropores. Cranial neuropore is closed on day 25, whereas
the caudal neuropore is closed on day 28.3 On neural tube
closure, overlying non-neural epidermal cells form the
ectodermal layer of the skin, whereas the neuroectoderm
cells reorganize to form the roof of the neural tube. Primary
neurulation is responsible for establishing brain and spinal
cord regions down to the lowest sacral Levels (probably up
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Fig. 6 Primary neurulation. (A, B, and C) Furrowing and in-folding of
the neural groove overlying the notochord with subsequent formation
of the neural tube in (D) and zipper-like closure (E).
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Fig. 7 Neural tube closure with neural crest cells on either side
beginning to form root ganglia and leptomeninges.
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Fig. 8 Stages of secondary neurulation beginning just as the pos-
terior neuropore closes. (A) Formation of caudal cell mass, (B)
vacuolization, (C) canalization and (D) retrogressive differentiation
resulting in the formation of the lower 1/10th of the spinal cord.

to the level of S2). Neural crest cells on either side form
accessory neural tissue? (=Fig. 7).

Secondary Neurulation

This process helps in the development of the cord caudal to the
S2 level. A caudal cell mass of undifferentiated, totipotent
mesodermal cells initially appears at the caudal end at the end
of primary neurulation; it subsequently undergoes vacuoliza-
tion, canalization (~Fig. 8C) and finally become continuous
with the cranial part of the tube initially formed by primary
neurulation.* Part of the caudal cell mass undergoes retrogres-
sive differentiation to form filum terminale, terminal ventricle,
the tip of conus medullaris, the sacrum, and coccyx.” By the
third month of gestation, the spinal cord extends the entire
length of the developing spinal column. There is an apparent
ascent of the cord causing the conus medullaris to recede
cranially due to rapid growth of the vertebral column. A
ventriculus terminalis of the central canal is found within
the lumbar enlargement during secondary neurulation.

The various anomalies occurring due to aberrations in
each stage of embryological development have been sum-
marized in -Table 1.

Materials and Methods

Study Design
This was a retrospective single institutional observation
study.

© 2022. Indian Radiological Association. All rights reserved.
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Study Population

A total of 391 children, whose imaging and clinical features
were consistent with spinal dysraphism from January 2011
to January 2020 in Stanley Medical College, Chennai, were
included in the study. Postoperative spinal dysraphism is
excluded from the study. Images with motion artifacts are
excluded from the study. Adults (>20 years) were not
included in the study. Cutaneous and subcutaneous heman-
giomas, lipomas, other fibrovascular lesions, and acrochor-
dons were included under cutaneous stigmata.

Data Acquisition
Magnetic resonance imaging (MRI) spine was performed as
per the institutional protocol through (MRI, MR Magnetom
aera, 1.5 T, 48 channel Siemens, Erlangen, Germany).

The MRI spine protocol was as follows:

1) MR myelogram in sagittal and coronal planes

2) T1, T2, short T1 inversion recovery images, T1 fat-
suppression in sagittal sections with the field of
view including the entire spine with a slice thickness
of 3 mm and slice gap of 0.3 mm

3) T1- and T2-weighted images in the axial section of the
spine. In all cases, in addition to the whole spine sagittal
images, focused axial sections of malformed cord seg-
ment, with the same 3 mm—slice thickness and 0.3 mm
gap, were imaged for clear visualization of the spinal
cord.

The MR images were systematically analyzed by two
experienced radiologists. Clinical manifestations in other
systems were not analyzed. Association with Arnold Chiari
malformations and other vertebral, rib anomalies were not
analyzed.

Demographic Data
Out of 391 cases included in the study, 204 were males and
187 were females.

In total, 123 cases belonged to the 0-6 months age group,
38 cases belonged to the 7-12 months age group, 156
belonged to the 1-5 years age group, 39 cases belonged to
the 6-10 years age group, and 35 cases belonged to 10-20
years age group.

Results

(~Table 2)

Discussion

Terminology and Classification
Spina bifida: The term spina bifida classically refers to the
defective fusion of posterior spinal bony elements. The
spectrum of cases in the study included bony defects in
the anterior arch as well.
Neural placode: Segment of non-neurulated embryonic
neural tissue, which is arrested at the neural plate stage.
Open and closed spinal dysraphism: The neural placode
is exposed through a skin defect in the midline in an open

Indian Journal of Radiology and Imaging
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Table 2 Proportion of spinal dysraphisms in the study”

Condition Number Proportion
of cases™
Posterior myelomeningocele 64 14.2%
Posterior myelocele 7 1.5%
Anterior myelocele 1 0.2%
Anterior myelomeningocele 3 0.66%
Posterior 2 0.4%
Hemimyelomeningocele
Posterior 15 3.33%
Lipomyelomeningocele
Posterior lipomyelocele 25 5.5%
Anterior lipomyelocele 3 0.66%
Anterior myelocystocele 7 1.55%
Posterior myelocystocele 10 2.22%
Posterior meningocele 20 4.44%
Type 1, Type 2, Type 3 56 12.4%
spinal lipomas
Type 4 Spinal Lipoma 19 4.2%
Intramedullary lipoma 3 0.56%
Low lying cord 20 4.44%
Limited dorsal myeloschisis 24 5.3%
(saccular and Flat)
Retained medullary cord 15 3.3%
Persistent terminal ventricle 6 1.13%
Dorsal dermal sinus 23 4.3%
Dorsal enteric fistula 2 0.4%
Neurenteric cyst 8 1.7%
Dermoid/epidermoid cysts 6 1.3%
Cervical diastematomyelia 3 0.66%
Thoracic diastematomyelia 17 3.7%
Lumbar diastematomyelia 27 6.0%
Type 1 4 0.8%
Type 2 14 3.1%
Complex 3 0. 6%
Partial 6 1.3%
Caudal regression syndrome 13 2.9%
Segmental spinal dysgenesis 1 2.4%
Vertebral duplication 3 0.66%
Intrasacral meningocele 1 0.2%
Sacrococcygeal teratoma 9 2.0%
Sacral chordoma 1 0.2%

*Of the total 391 cases analyzed, two or more simultaneously occurring
aberrations were seen to occurin 71 cases bringing the total number of
pathological entities that we could analyze, to 450 which could then be
analyzed and classified under the proposed new classification
(=Table 5).
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spinal dysraphism. There is no exposed neural tissue in the
case of a closed spinal dysraphism.

Posterior spinal dysraphism: These are defects of the
laminae and the spinous process of the vertebrae and/or the
intervening mesenchymal elements.

Anterior spinal dysraphism: These are defects in the
vertebral body/pedicles/neural foramina of the vertebrae
and/or the intervening mesenchymal elements.

Dysraphism is confined to the spinal canal with or with-
out a dural defect.

Primary defects involving multiple (more than 2) ana-
tomical compartments: (prevertebral mesenchyme, anteri-
or spinal bony elements, spinal canal, posterior spinal bony
elements, postvertebral mesenchyme, and other organ
systems)

Nondysraphic masses of the spinal region: Tumors with
a close association with the notochord and the neural tube
with neurulation remaining unaffected.

Cutaneous Stigmata of Spinal Dysraphism: Skin
Predicts the Spine

Larger defects are usually obvious, whereas small or occult
malformations causing tethering of the cord may be asymp-
tomatic at birth. Also, 69.1% of patients in our study had a
cutaneous marker of spinal dysraphism, most commonly in the
lumbosacral region. Hence, the first steps in diagnosis are these
clinical cues such as the presence or absence of an exposed
neural placode, the presence of a subcutaneous mass, or a
dermal sinus in case of closed dysraphisms. A combination of
cutaneous markers is possible (~Table 3). Alow-lying (<2.5 cm
from anal verge) sacral dimple may not always be associated
with underlying spinal dysraphism (~Table 4).”

Table 3 Skin Stigmata and commonly associated conditions

Cutaneous marker Associated condition

Hypertrichosis (Faun tail) | Split cord malformation

Sacral dimple Dorsal dermal sinus

Subcutaneous lipoma Lipomyelomeningocele

Absent or asymmetric
gluteal cleft

Others

Sacral agenesis

Non-specific occult dysraphism

Table 4 Skin stigmata of occult spinal dysraphism

High probability of
underlying dysraphism

Low probability

Capillary malformation
(port-wine stain)
Telangiectasia
Hyperpigmentation
Melanocytic nevi
Low-lying sacral dimple
(<2.5cm from the

Hypertrichosis (Faun tail nevus)
Dimples (atypical large
dimples >2.5cm from

the anal verge)
Acrochordons/pseudotails/
true tails

Subcutaneous lipomas

An embryological knowledge of these complex inter-
linked processes, although necessary, is often confusing
while arriving at a diagnosis. Hence, the need for a simpler
and more practical anatomical-neuroradiological classifica-
tion (=Table 5).

Table 5 Anatomical-clinicoradiological classification of spinal
dysraphism (Stanley Hospital classification)

1)Posterior spinal dysraphism

Posterior: Open spinal dysraphism:
Myelomeningocele

Myelocele

Hemi myelomeningocele

Hemi myelocele

Posterior: Closed spinal dysraphism

With subcutaneous mass:

Meningocele

Saccular limited dorsal myeloschisis

Myelocystocele

Posterior lipomyelocele (spinal lipoma Types IB, 1B, 1lIB,)
Posterior lipomyelomeningocele (spinal lipoma type VB)
Without subcutaneous mass:

With cutaneous stigmata

other than a dermal sinus: Nonsaccular limited dorsal
myeloschisis

Post vertebral neurenteric cysts

With dermal sinus: Dorsal dermal sinus

2)Anterior spinal dysraphism:

Anterior myelomeningocele

Anterior meningocele

Anterior myelocele

Anterior myelocystocele

Anterior lipomyelocele (spinal lipoma type IC, IIC, llIC)
Anterior lipomyelomeningocele (spinal lipoma type VA)
Intrasacral meningocele

Prevertebral neurenteric cysts

3)Dysraphism confined to the spinal canal:
Intramedullary spinal lipoma

Intradural lipomas

Type la,

Type lla, lld

Type llla

Type IV-IVA-apical, IVB: mid filar and IV C: filar tip Lipomas
Tight filum terminale (type IVD)

Intrasacral meningocele

Persistent terminal ventricle

Retained medullary cord

Split cord malformations

Types 1 and 2 diastematomyelia

Composite type diastematomyelia

Partial type diastematomyelia

Neuroenteric cysts

(Epi)dermoid/dermoid

Segmental spinal dysgenesis: type 1

4) Dysraphism involving multiple anatomical compart-
ments

Dorsal enteric fistula

Vertebral duplication

Caudal regression syndrome

Segmental spinal dysgenesis: type 2

OEIS, VACTERL, Currarino’s triad associations

Hemangioma anal verge) 5) Nondysraphic masses of the spinal region
Aplasia cutis or scar Sacrococcygeal teratoma
Dermoid cyst or sinus Sacral chordoma
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Fig. 9 Posterior myelomeningocele. (A) Image shows neural tissue
and CSF directly exposed to the environment in the lumbar region. (B-
D) T2 axial, sagittal images, and illustration show the spinal cord
herniating in a CSF-filled sac (arrows) through a defect in the posterior
vertebral elements (arrowheads).

A Review of the Anomalies and Associated Findings
Myelomeningocele and Myelocele: These are classified
under open dysraphisms. The most common type of open
spinal dysraphism is myelomeningocele (~Fig. 9). The neural
placode protrudes above the skin surface in case of a mye-
lomeningocele due to cystic dilatation of subarachnoid space
whereas a myelocele does not protrude above the skin
surface.

Most are located at the lumbosacral level, and the placode
is terminal (below the S2 level). A midline skin defect causes
the external surface of the placode to be directly visible on
inspection.

The nerve roots originate from this surface and course
obliquely through the subarachnoid space to reach their
corresponding neural foramina. Because both are exposed
to the skin surface, ulceration and risk of infection are more,
which increases the mortality rate. Hence, surgery is needed
soon after birth or even before birth with exit. Preoperative
imaging with MRI helps in better anatomic characterization
and assessing the associated abnormalities Chiari malforma-
tions, syrinx, hydrocephalus, and split cord malformations.
In the proposed classification, meningoceles and myelome-
ningoceles have been further classified into those extending
anteriorly and those extending posteriorly.

Myelomeningocele is almost always associated with
Chiari 2 malformation.

McLone and Knepper'? proposed a theory to explain this
consistent association. CSF leaks freely through the spinal
defect into the amniotic sac because the neural tube
remains non-neurulated. The resulting chronic CSF hypo-
tension causes failure of expansion of the rhombencephalic
vesicle, causing a lack of induction of the perineural mes-
enchyme of the posterior cranial fossa. Both the cerebellum
and brain stem eventually are forced to develop within a
smaller than normal posterior fossa and consequently
herniate through the tentorial groove and the foramen
magnum.

Indian Journal of Radiology and Imaging
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Fig. 10 Posterior meningocele. (A) Clinical image showing the skin
covered swelling in the lumbar region. (B) Myelogram, (C) T2 sagittal,
and (D) T2 axial images, and (E) illustration shows CSF-filled sac
herniating through a defect in the posterior vertebral elements. There
is no neural tissue within the herniated sac.

Hemimyelocele and Hemimyelomeningocele

These are extremely rare. These occur when a myelomenin-
gocele or myelocele is associated with diastematomyelia and
one hemicord fails to neurulate.

Meningocele

Meningoceles are herniation of CSF-filled sacs lined by dura
and arachnoid. When it occurs through a posterior bony
spina bifida, they are called posterior meningoceles. The
most common are lumbar or sacral posterior meningocele
(=Fig. 10); therefore, thoracic and even cervical meningo-
celes may be found. The spinal cord is not contained within
the meningocele although it may be tethered to its neck.
Most of these are extradural in location, causing compres-
sion of the bony sacral canal. A few reported meningoceles
may be a dome stalk variety of saccular limited dorsal
myeloschisis.®

Anterior Neural Tube Defects

Myelocele, myelmeningoceles, myelocystocele, meningo-
celes, and lipomyelocoeles usually occur posteriorly. When
these lesions occur anteriorly or laterally with defects in the
vertebral body, pedicles or neural foraminae, they are collec-
tively called anterior neural tube defects. Golden and Chern-
off hypothesized multiple sites of anterior neural tube
closure and that anterior neural tube defects occur either
due to failure of closure to occur or from the failure of two
closures to meet. Another possibility would be due to CSF
pulsation resulting in herniation through anteriorly located
cleft in the vertebra.

Anterior Myelocystocele

Herniation of dilated cord with syrinx (hydro melic cord)

through anterior vertebral defect is called anterior myelo-

cystocele (=Fig. 11). Meningocele requires a simple surgical

repair, whereas myelocystocele requires untethering of cord,
Vol. 31
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Fig. 11 Anterior thoracic myelocystocele. (A) T2 axial and (D) T2
coronal images with (C) myelogram and (B) axial CT section showing
an anterior vertebral defect with the herniation of a hydromelic
dilated cord into a CSF-filled sac anterolaterally.

decompression of syrinx along with excision, and repair of
myelocystocele.?®

Anterior Myelomeningocele

Posterior myelomeningoceles are more common in the lum-
bosacral region (80%). Anterior myelomeningoceles
(=Fig. 12) are rarely seen in the sacral region and very rarely
seen in the thoracic/cervical region. The embryology behind
this is an incomplete development of mesoderm around the

neural tube, which results in the anterior defect through
which there is herniation of meninges and other contents.

Multiple lateral thoracic meningoceles are usually associ-
ated with neurofibromatosis (85%). Patients may present
with sudden breathlessness secondary to rupture of menin-
gocele resulting in hydrothorax.

Myelocystocele

Myelocystoceles occur due to herniation of dilated central
canal forming terminal syringohydromyelia (syringocele)
through a posterior (=Fig. 13) or anterior vertebral defect
into an expanded CSF-filled dural sheath (meningocele). It
usually results from defective secondary neurulation that
affects the CSF flow dynamics. The inner terminal syrinx
communicates with the central canal of the spinal cord and
the outer meningocele is continuous with the spinal sub-
arachnoid space. The syringocele and meningocele usually do
not communicate with each other.'® Although classified as
terminal and non-terminal myelocystocles earlier, many of
the “non terminal” myelocystocles were found to be the
saccular type of limited dorsal myeloschisis. Thus, it is
recommended to stick to the term “myelocystocele
(anterior/posterior).

Spinal Lipomas

The embryonic genesis of spinal lipoma cases is marked by a
premature disjunction between the neural and cutaneous
ectoderm during the process of primary neurulation. Embry-
ologists often consider closed caudal spinal lesions to be the
result of failed secondary neurulation. But still, some confu-
sion in terms of the embryogenesis of spinal lipomas
remains.

Spinal lipomas: Embryologically, Type I is defined as pure
primary neurulation failure; Type Il ranges from primary
to secondary neurulation failure; Type III consists
of secondary neurulation failure (early phase); and Type IV
is defined as secondary neurulation failure (late phase)'?.
This classification of spinal lipomas based on the embryonic
stage has the potential for clinical use and agrees well with

Fig. 12 Anterior herniation of the cord (anterior myelomeningocele). (A) Myelogram, (B) T2 sagittal and (C) T2 coronal images showing an
anterior vertebral defect with herniation of the cord and a CSF-filled sac anteriorly into the prevertebral space. There is also a neurenteric

cyst noted in the myelogram (A).
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Fig. 13 Posterior myelocystocele. (A) Image shows skin-covered
swelling in the lumbar region. (B) Myelogram, (C) T2 axial, (D) and T1
sagittal images and (E) illustration shows the cord with a dilated
central canal (syrinx, arrowheads) within the CSF-containing sac
(arrows), which has herniated posteriorly through a vertebral defect.

both clinical and surgical findings.'> However, we have now
added subtypes to include the extension of the lipoma
posteriorly (IB/IIB/IIB) and anteriorly (IC/IIC/IIIC) respective-
ly as lipomyeloceles to add on to the previous classification.
The rare intramedullary lipomas could be classified as type
VI Spinal lipomas (=~Fig. 17) (~Table 6).

Type I: Primary Neurulation Failure

Type I spinal lipoma is one in which the lipoma-cord
interface occurs on the dorsal surface of the spinal cord (Type
IA), while the conus medullaris is located distally or ventrally
with respect to the caudal end of the lipoma. It may be found
extending dorsally (Type IB) or ventrally (Type IC) through a
spinal defect as lipomyeloceles and be associated with a
tethered cord. They are usually seen in the lumbosacral
region. Large lipomas may cause cord displacement. On
MRI, lipomas follow the signal intensity of subcutaneous
fat on all sequences (~Fig. 14).

Type 1I: Failed Neurulation Between the Primary and
Secondary Stages

Type Il spinal lipomas include the transitional and chaotic
lipomas that have a clearly discernible demarcation with the
cord surface cranially but caudally either involve the conus
medullaris, entangle the nerve roots of the cauda equina, or
along with unpredictable involvement of the ventral fat as in
the case of chaotic lipomas (Type IID). They may extend
dorsally (Type IIB) or ventrally as lipomyeloceles too (Type
1IC) (~Fig. 14).

The Type I spinal lipomas are formed purely by failed
primary neurulation; the conus medullaris is left unaffected.
The tapered shape of the end of the spinal cord suggests the
presence of the conus medullaris. In contrast, a sharp tapered
end to the spinal cord is not clearly discernible in Type II
spinal lipomas. Dural lipomatosis occurring due to factors
such as steroid abuse is a differential to be considered in the
case of diffuse fatty proliferation.

Type III: Early Phase Secondary Neurulation Failure

Indian Journal of Radiology and Imaging
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Fig. 14 Lipoma, Types | and Il.
intraspinal lipoma attached to the dorsal cord above the conus
medullaris: this is type I. lllustrations show type (B) IA, (C) IB, and (C)
ICvariants. (E) T1 sagittalimage shows a lipoma attached to the cauda
equina: Type Il. Illustrations show type (F) IIA, (G) IIB, and (H) IIC.

This type of spinal lipoma involves the conus medullaris
and is always distal to the origin of the last branch of the
spinal nerves on the cord. The caudal end of the conus is
unformed and directly connects to the spinal lipoma. The
lipoma extends in the caudal direction and usually remains
intradural (Type Illa). Earlier classifications propounded that
in contrast toType II, in Type III spinal lipomas, there is never
a pathological spina bifida or dural defect due to the lipoma.
A few of our cases showed extension of these caudal lipomas
posteriorly and anteriorly as lipomyeloceles and hence, we
have added types IlIb and Illc, respectively (=Fig. 15), to
indicate this extension.

Type IV: Late Phase Secondary Neurulation Failure

In this type, the spinal lipoma is located in the filum
terminale. The caudal end of the conus medullaris is clearly
discernible (=~Fig. 15). On imaging filar lipoma appears
hyperintense on T1- and T2-weighted images.

Lipomas of the filum terminale could be further classified
(=Fig. 15) as Type IVA: abutting the apex of the conus
medullaris; apical lipoma that requires meticulous dissec-
tion during surgery; Type IVB: mid filar lipomas with nor-
mal-appearing/thickened filum terminale cranially and
caudally; and Type IVC: filar tip lipomas that were always
associated with a low-lying cord and tethered cord syn-
dromes among the cases analyzed.

Tight Filum Terminale (Type IVD Lipoma)
It is characterized by shortening and hypertrophy of
filum terminale that cause tethering of cord and impairs
the ascent of conus medullaris. Embryologically, the defect
lies in retrogressive differentiation during secondary
neurulation.

On imaging, it is characterized by a thick filum terminale
(=Fig. 16) due to fibrous or fatty infiltration (thickness

Vol. 31 No. 4/2021 © 2022. Indian Radiological Association. All rights reserved.
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Fig. 15 Conal (Type Ill) and filar (Type 1V) lipomas. (A) T1 sagittal
image showing a tethered cord with a lipoma attached to the conus of
the cord: conal lipoma. Illustrations show type (B) IlIA, (C) IlIB, and (D)
IIIC variants. (E) The location of dorsal (arrow), transitional (star,
dotted lines indicate chaotic variant), and conal (arrowhead) lipomas.
(F) T1 sagittal image shows a lipoma attached to the apex of the cord
and filum terminale: apical filar lipoma. (G) T2 sagittal image shows a
hydromelic low-lying cord with a lipoma attached to the tip of the
filum terminale: terminal lipoma. (H) Type IVA: apical filar lipoma, (I)
Type IVB: mid filar lipoma, (J) Type IVC: filar tip lipoma.

Fig. 16 Variability in the ending of the cord. (A) Normal termination
of the cord, with a thin filum. (B) Thick filum terminale. (C) Cyst of the
filum terminale. (D) Lipoma of the filum terminale.

measuring >2mm at L5-S1) and a low-lying conus
medullaris.

Also, 1.5% to 5% of the normal adult population may show
fat within filum terminale on MRI and hence the finding is
considered a normal variant unless it is associated with
tethered cord syndrome.’>1°

Lipomyelocele and Lipomyelomeningocele
Lipomyeloceles and lipomyelomeningoceles are character-
ized by a subcutaneous fatty mass located above the inter-
gluteal crease and usually extending asymmetrically into
one buttock.

Vol. 31
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Fig. 17 Posterior lipomyelocele. (A) Image showing a skin-covered
swelling in the lumbar region. (B) T2 axial and (C) T1 sagittal images
and illustration (D) showing an intraspinal lipoma herniating into the
subcutaneous fat through a posterior spina bifida.

In a lipomyelocele (lipomyeloschisis), the placode-lipoma
interface lies within the spinal canal (~Fig. 17) and may
extend over several vertebral levels. There is continuity of the
intraspinal lipoma with the subcutaneous fat through a
posterior bony spina bifida."” Any of the types I, II, and III
spinal lipomas may present as a lipomyelocele.

In lipomyelomeningoceles, the placode-lipoma interface
lies outside the spinal canal because of expansion of the
underlying subarachnoid spaces, resulting in a posterior
meningocele. Anterior and posterior lipomyelomeningo-
coeles can be classified as Va and Vb, respectively, (~Fig. 19).

Type VI: Intramedullary lipoma (~Fig. 18): integration
of mesenchymal elements within the developing spinal cord
results in the unusual intramedullary lipomas.'8

Retained Medullary Cord

Defective apoptosis during late secondary neurulation results
in a persistent medullary cord (=Fig. 21). An absent filum
terminale is characteristic of most RMCs.'® They appear like a
robust cord-like structure attached from the conus to the cul-
de-sac. An altered shape of the conus is visible.

They are often misread as a low-lying conus or a tight
filum terminale (=Table 7). Although MRI signal intensity
characteristics are the same as a low-lying conus making
preoperative diagnosis difficult, intraoperative

© 2022. Indian Radiological Association. All rights reserved.



Table 6 Spinal lipomas (~Fig. 20)

Intradural lipomas above the level of Conus
(Lipoma: placode interface within the dura)

Type |

IA: Those lipomas that are dorsal to the cord
or extend cranially/caudally/around the spi-
nal cord; entirely confined to the intradural
space

IB: Dorsal extension as a lipomyelocele

IC: Ventral extension as a lipomyelocele

Type Il Transitional and chaotic lipomas

1lA: Transitional lipoma above the last dorsal
root entry zone of the conus

1IB: Dorsal extension as a lipomyelocele

IIC: Ventral extension as a lipomyelocele

Il D: Involving ventral fat and entangling the
nerve roots: chaotic lipoma

Type lll Conal lipomas arising from the level of conus
medaullaris below the level of last dorsal root

entry zone

Il A: Confined to intradural space

11IB: Dorsal extension as a lipomyelocele

IG Ventral extension as a lipomyelocele

Type IV Filar lipomas: Lipomas of the filum

terminale

IV A: Apical lipoma

IV B: Mid filar lipoma

IV C: Filar tip lipoma

IV D: Tight filum terminale

Lipomyelomeningocele: Lipoma- placode
interface outside the spinal canal

Type V

V A- Anterior lipomyelomeningocele

V B- Posterior lipomyelomeningocele

Type VI Intramedullary lipoma

neuromonitoring helps distinguish between the two as an
RMC is non-functional with no electrical activity. The symp-
toms are essentially due to associated cord tethering.

Few variants (=Fig. 21) may show an hourglass shape
with the non-functional medullary cord located caudal to the
conus with an intervening short filum terminale. A few cases
of association with a subcutaneous meningocele or a dermal
sinus have been known.?® A few other cases showing an RMC
associated with a lipoma are known.

Filar cysts: The etiology of filar cysts is unclear; however,
it is postulated that it may be a pseudocyst-like structure
formed by arachnoid reflections. Another theory says that
could be a true cyst that is a different remnant of the terminal
ventricle. Filar cysts are thought to be of no clinical signifi-
cance and are a normal variant. They are located within the
filum, in the midline, just distal to the conus medullaris. The
difference in location helps to distinguish between the
persistent terminal ventricle. Sometimes, these cysts are
not well demonstrated on MRL
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Fig. 18 Intramedullary lipoma and dural lipomatosis (A) T2 sagittal
image showing an intramedullary lipoma expanding the cord: Type VI.
(B) T1sagittalimage showing anintramedullary lipoma noted within a
low-lying cord. These are illustrated in (C). (D) T1 sagittal images
showing proliferation of fat within the dural space, displacing and
compressing the cord anteriorly.

Dermal Sinus

It is an epithelial-lined fistulous communication between
the CNS or its meningeal covering and skin. It results from
the focal incomplete disjunction between neuroectoderm
and cutaneous ectoderm. Clinically, a midline dimple or
ostium is found on the cutaneous surface and is commonly
associated with cutaneous stigmata of underlying occult
spinal dysraphism-like hairy nevus, hemangioma, or
hyperpigmentation. The tract then ascends and opens
into the spinal canal. Dermal sinus may be associated
with intraspinal dermoid or epidermoid, which shows
variable imaging findings depending on their contents.
Dermoids usually appear hyperintense on both T1- and
T2-weighted images, while epidermoids are hypointense
on T1-weighted and hyperintense on T2-weighted images.
CNS infection is a common complication because of fistu-
lous communication and hence these cases require early
surgical repair.

The dermal sinus is lined by squamous epithelium which
is absent in the case of limited dorsal myeloschisis. Cord
tenting is unusual at the site of attachment (~Fig. 23).
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Fig. 19 Lipomyelomeningocele. (A) Myelogram, (B) T2 sagittal, and
(C) T2 and (D) T1 axial images shows the herniation of the cord
through the posterior spinal defect. A lipoma is noted in (D) with the
lipoma placode interface located outside the spinal canal (arrow-
head). This is a lipomyelomeningocele, as illustrated in (E).
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Fig. 20 Spinal lipomas: a summary.

Limited Dorsal Myeloschisis
Limited dorsal myeloschisis (LDM) is a closed form of spinal
dysraphism, characterized by the presence of a fibroneural or
fibrovasaculoneural tract connecting the skin lesion to the
underlying spinal cord. It may be confused with congenital
dermal sinus?® (~Fig. 24).

Vol. 31
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Fig.21 Retained medullary cord. (A) T2 sagittal image showing a low-
lying cord attached to a terminal lipoma by a thick, robust filum
terminale. (B) T1 sagittal image showing a low-ending cord herniating
into a CSF-filled sac. This is a cystomyelocele with possible RMC. (C) T2
sagittal image showing split cord malformation with a ventriculus
terminalis cyst. (D) T2 sagittal image showing a low-lying cord with
thick, robust filum terminale attaching to the cul-de-sac and altered
conus shape.

Saccular LDMs (=Fig. 25) occur due to accompanying
hydromyelia of the fibroneural tract(swelling of the basal
neural nodule with CSF or a dome-stalk type of saccular
LDM). Nonsaccular “flat” LDMs may have cutaneous stigmata
such as a pit, flat membrane, or a crater too. The fibroneural
tract tethers the spinal cord (~Fig. 26) causing characteristic
tenting and the associated neurological symptoms.

A pearly white membranous crater is a characteristic
cutaneous marker called ‘ Cigarette burn mark. Other common
stigmata are dimple, pit, hypertrichosis, and hemangioma.

Low-lying cord: Persistent cord termination below L2-L3
after the first month of life in a full-gestation infant is
abnormally low-lying. Axial T1-weighted images are most
accurate in determining the conus level. The probability of
tethered cord syndrome is more when a low-lying cord is
associated with a tight filum terminale (~Fig. 27).

Tethered cord: It is a clinical syndrome usually associated
with closed spinal dysraphism-like spinal lipomas ( ~Fig. 14),

© 2022. Indian Radiological Association. All rights reserved.
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Fig. 22 Retained medullary cord (A) Thickened, abnormally low
termination of cord without a clearly demarcated conus. (B) With
apical lipoma. (C) With ventriculus terminalis cyst (D) Hour glass
configuration of thickened conus. (E) Myelocystocele with herniation
of the cord. (F) Partial herniation of the cord into the myelocystocele

sac.

Table 7 RMCs and a close differential diagnosis: tight filum

terminale

Retained Medullary Cord

Tight Filum Terminale

The shape of the conus
altered/not demarcated

Conus shape unaffected

Low-lying conus

Low-lying/normal conus

Usually associated with teth-
ered cord syndrome

Usually associated with
tethered cord syndrome

Histological findings of RMCs
include a dense glioneuronal
core along with fibrofatty
elements, an ependymal-
lined central cavit%, and ves-
tigial nerve roots’

No evidence of glioneuro-
nal elements on
Histopathology
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Fig. 23 Dorsal dermal sinus. (A) Patient presented with a midline
opening above the gluteal cleft. (B) T1 axial MinlIP, (C) T2 sagittal

images showing a hypointense tract extending from the skin opening

into the spinal canal. (D) Different patient shows thickened T2
hypointense thickened tract with an ill-defined T2 hyperintensity
within the spinal canal. (E) On contrast, there is thick peripheral

enhancement. This is a dorsal dermal sinus with intraspinal abscess,

due to infection.

Table 8 Differences between a Limited dorsal myeloschisis and

Congenital Dermal sinus

Kathirvelu et al.

Limited dorsal myeloschisis
(LDM)

Congenital dorsal dermal
sinus (CDS)

Closed skin defect

Tract with lumen commu-
nicating with the skin
opening

Fewer chances of infection
and fewer neurological
defects; hence, surgery
needed only in cases of
tethering

More chances of infection,
more number of neurolog-
ical defects, surgery evenin
asymptomatic cases in view
of ascending infections

Tract: Intrathecal tracts
clearly visible

Tract: Intrathecal tracts not
visible

Attachment site: Clearly seen
as hypointense round struc
ture adhering to the dorsal
aspect of the spinal cord
above conus medullaris

Attachment site: variable
and not clearly visible

Dorsal tenting of the spinal
cord seen in nearly all
patients

Dorsal tenting of the spinal
cord is rare

Tethering is more common

Tethering is less common

Dermoid and (epi)dermoids
are rare

Dermoid and (epi)dermoids
are more common

Vol. 31 No. 4/2021
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Fig. 24 Flat LDM vs. dorsal dermal sinus. (A) Illustration shows an
epithelium lined tract communicating from the skin to the spinal
canal. An external opening is noted at the skin. Associated epidermoid
cyst and complications such as intraspinal abscess are shown. (B)
Illustration shows a flat LDM, where a fibroneural stalk attaches from
the skin to the spinal cord, causing tenting of the cord at its junction.

Bl

MAR L4

Fig. 25 Saccular LDM vs. cystomyelocele. (A) Illustration showing a
thin fibroneural stalk attaching to the dome of a subcutaneous CSF-
filled sac: dome stalk variant of saccular LDM. In (B), CSF fills and
distends the canal of the fibroneural stalk, leading to a segmental
myelocystocele variant of saccular LDM. (C) Illustration representing a
myelocystocele, a different entity where the cord along with a dilated
central canal herniates through a posterior defect.

the tight filum terminale (~Fig. 16 D), split cord malforma-
tions (=Fig. 32), caudal regression syndrome (~Fig. 35),
limited dorsal myeloschisis (=Fig. 25A) meningoceles/
meningomyeloceles (~Fig. 9) due to anchoring of the spinal
cord/neural placode or filum terminale to the surrounding
tissues occurring primarily or secondary to scarring or forma-
tion of a dermoid post-surgery and not just due to a low-lying
Vol. 31
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cord or a thick filum terminale. The tethering causes functional
neurological deterioration resulting in motor and sensory
dysfunction, muscle atrophy, urinary incontinence, decreased
or hyperactive reflexes, spastic gait, and other deformities.

Persistent fifth ventricle: Evidence of a fifth ventricle not
accompanied by other pathologies is a frequent finding that
does not have pathological significance during the first
5 years of life.?! It is located immediately above the filum
terminale and without contrast enhancement, differentiat-
ing it from other cystic lesions of the conus medullaris
(~Fig. 22C).

Disorders of Midline Notochordal Integration

The process of fusion of paired notochordal anlagen to form a
single midline notochordal process is called midline no-
tochordal integration. Any abnormality at this stage results
in longitudinal cord splitting. The most important conditions
in this group are neurenteric cysts, dorsal enteric fistula
(=Fig. 28), and diastematomyelia.

Dorsal enteric fistula and neurenteric cyst: The most
severe form of disorder of midline notochordal integration is
a dorsal enteric fistula, which is a fistulous communication
between dorsal skin surface and bowel.

The spectrum of dorsal enteric remnants consists of (1)
dorsal enteric fistula, (2) dorsal enteric sinus, (3) dorsal enteric
cyst (neurenteric cyst), and (4) dorsal enteric diverticulum.

The dorsal enteric fistula (~Fig. 29) is due to a persistent
connection between the endoderm and ectoderm, resulting
in the splitting of the notochord. The fistula traverses the
prevertebral soft tissue, the vertebral bodies, and the spinal
canal with its contents. Any portion of this tract may involute
or become fibrous, leading to a fistula or a cyst.

A Neurenteric cyst (=Fig. 30) is a localized form of dorsal
enteric fistula. These cysts are typically seen in the extra-
medullary intradural compartment of the cervicothoracic
spine; however, may be seen in other locations such as
subcutaneous, intramedullary, or prevertebral planes. On
MRI, neurenteric cysts usually appear iso-to-hyperintense
to CSF on both T1-and T2-weighted images due to high
protein content and show absent contrast enhancement.??

An isolated (epi)dermoid appearing T2 hyperintense is an
unusual differential in the case of intraspinal neurenteric
cysts. The dermoid/epidermoid cyst occurs due to epithelial
rests within the neural tube (~Fig. 31).

The dorsal enteric sinus, a remnant of the posterior
portion of the tract, has an opening on the skin surface.
Dorsal enteric cysts are trapped remnants of the middle
portion of the tract, found in the intraspinal or paraspinal
compartments.

The dorsal enteric diverticulum is a tubular diverticulum
arising from the bowel and represents a remnant of the
anterior portion of the tract

There exists a high incidence of associated urogenital
malformations and anorectal malformations.

Diastematomyelia
It is the most common form of defective midline notochordal
integration. Due to defective midline integration, there are

© 2022. Indian Radiological Association. All rights reserved.
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Fig.26 Limited dorsal myeloschisis. (A) T2 sagittal image shows a linear fibroneural track extending from a flat subcutaneous component to the
cervical spinal canal, with tenting at the junction. (B) T2 sagittal image showing similar lesion in the lumbar region: these are flat (non-saccular)
LDM. (C) T2 sagittal image showing a linear fibroneural track extending from the spinal canal to the dome of the dilated sac in the subcutaneous
plane. This is the dome stalk variant of saccular LDM. (D, E) T2 sagittal images of a different patient show a sacular LDM with cystomyelocele, with
the CSF tracking into the dilated central canal of the fibroneural track (black arrowheads) surrounded by a CSF filled sac (small white arrows).
Tenting of the cord without extension of the cord itself is seen in (D) (large white arrows). (F) Figure shows a fibroneural tract passing anteriorly

into a CSF-filled sac: possibly an anterior LDM.

A

Fig. 27 Low-lying cord: the spectrum. (A) Normal cord termination
with normal filum terminale. (B) Low-lying cord with a normal filum
terminale. (C) Normal cord termination with a thick filum terminale.
(D) Low-lying cord tight filum terminale.

two notochordal processes each of which induces the forma-
tion of separate neural plates with primitive streak tissue in
between them. The development of the primitive streak
tissue decides the type of diastematomyelia.

Indian Journal of Radiology and Imaging

Pang et al. coined a new term called split cord malforma-
tions and divided it into two types. In type I diastemato-
myelia, the intervening primitive streak develops into a bone
or cartilage, resulting in two hemicords in different dural
sacs separated by an osseocartilaginous septum. Each of
them includes a central canal, one dorsal, and one ventral
root (=Fig. 32). Type 1 is more common than type II. In type Il
diastematomyelia, the primitive streak is reabsorbed or
forms a fibrous septum with the hemicords lying within
the same dural sac. Diastematomyelia is commonly associat-
ed with vertebral anomalies and hydromyelia. A high-lying
hairy tuft over a child’s back is a reliable indicator for
underlying diastematomyelia.

Diastematomyelia can be classified into three types
depending on location 1) lumbar (most common), 2) lumbo-
sacral, 3) thoracolumbar, and 4) cervicothoracic.

Composite types of split cord malformations (multi-level
split cord malformations) are those with multiple levels of
split cord in the same patient. Another classification,
depending on the length of involvement, is divided into
short-segment and long-segment types. When the split
cord malformation is partial, it is called partial diastemato-
myelia (spinal cord cleft), seen associated with Klippel-Feil
syndrome.”®> Split cord malformations include a wide

Vol. 31
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Fig. 28 Spectrum of neuroenteric remnants. (A) Dorsal enteric
diverticulum. (B) Dorsal enteric fistula (C) Postvertebral neuroenteric
cyst. (D) Intraspinal neuroenteric cyst. (E) Prevertebral neuroenteric
cyst. (F) Dorsal enteric sinus.

Fig. 29 Dorsoenteric fistula. (A) Patient presented with a large
swelling over the back. (B) Ultrasonogram showing multiple dilated
bowel loops within the swelling. (C) CT VRT image showing the split
vertebral column with duplication of the vertebral bodies with
posterior vertebral defect. (D) Myelogram, (E) T2 sagittal, (F) T2
coronal images showing herniation of bowel loops through the split
cord. (G) Intraoperative image showing multiple herniated loops.

Indian Journal of Radiology and Imaging  Vol. 31 No. 4/2021

Fig. 30 Neuroenteric cyst. (A) T1 coronal image and (B) T2 axial
image showing neuroenteric cyst appearing iso-to-hyperintense to
CSF on both T1- and T2-weighted images. (C, D) T2 axial images
showing an anterior mediastinal cystic lesion, communicating with
the spinal canal through a vertebral cleft (arrowhead).

Fig. 31

Intraspinal dysraphism: epidermoid. (A) T2 sagittal image
showing a heterogenous, T2 hyperintense mass lesion within the dural
space compressing the cord anteriorly. This is an epidermoid cyst.
Dermoids and epidermoids are differential diagnoses and to be
considered for a neurenteric cyst.

spectrum of spinal abnormalities, which may range from
simple diastematomyelia to complete duplication of the
spinal column with two hemicords.

Vertebral Duplication

Vertebral duplication of split cord malformation (SCM) is a
rare abnormality. Affected individuals present with clinical
pictures ranging from mild-to-very severe symptoms which

© 2022. Indian Radiological Association. All rights reserved.



Fig. 32 Diastematomyelia. (A) Image shows hypertrichosis (fawn’s
tail) over the lumbar region. (B) T2 axial image showing diastema-
tomyelia with a common dural sac: type 1. (C) T2 axial image showing
diastematomyelia with a bony bar separating the hemicords: type 2.
(D) T2 axial image showing type 1 diastematomyelia at the cervical
level, a rare entity. (E) T2 axial image showing the cord cleft without
splitting of the hemicords. (F) T1 coronal and (G) CT images showing
duplication of the vertebral column. (H) There is a lipoma attached to
the left hemicord, with the herniation of the lipoma and hemicord
posteriorly through the spinal defect.

may be associated with gastrointestinal abnormalities such as
neurenteric fistula, omphalocele or neurologic abnormalities
such as myelomeningocele. Dorsolumbar and lumbar regions
are the most affected sites. Vertebral duplication as such has
double cords which are not separated by a septum unlike in
Type 1 diastematomyelia but may be associated with diaste-
matomyelia at a different level (~Fig. 32F, G). Each cord had its
own spinal canal within its own set of vertebrae.

Segmental spinal dysgenesis: Segmental spinal dysgen-
esis is characterized by a localized deformity of the thor-
acolumbar, lumbar, lumbosacral spine, which is associated
with localized agenesis/dysgenesis spine and spinal cord. This
occurs due to an abnormality of an intermediate segment of
notochord occurring during gastrulation. SSD is a rare, com-
plex, congenital, closed spinal dysraphism that meets the
following criteria?®: (1) presence of congenital
paraparesis/paraplegia with lower limb abnormalities; (2)
multiple (more than one) formation and segmentation anom-
alies of the vertebra with or without kyphoscoliosis; (3) absent
or malformed segment of the spinal cord and underlying nerve
roots involving any spinal segment from the cervical to sacral
region; and (4) visualization of the segment of spinal cord
distal to the interrupted cord (~Fig. 33).

It usually requires a multidisciplinary management ap-
proach based not only on the extent and severity of the
dysgenetic cord but also on the cause (type 1 primary cord
hypoplasia or type 2 secondary cord hypoplasia due to
dysmorphic vertebra) of the spinal dysgenesis for further
surgical management.26

Indian Journal of Radiology and Imaging
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Fig.33 Segmental spinal dysgenesis. T2 sagittal image showing focal
dysgenesis of the spinal cord, with a rounded termination of the upper
segment (arrowhead) and an abnormal sacral segment (arrow)

Caudal agenesis/caudal regression syndrome: It is char-
acterized by partial or total agenesis of the spinal column and
is commonly associated with genital anomalies, anal imper-
foration, pulmonary hypoplasia, renal aplasia or dysplasia,
and limb abnormalities. This may be associated with syn-
dromic complexes such as OEIS, VACTERL, and the Currarino
triad (partial sacral agenesis, anorectal malformation, and
presacral mass), wherein aberrations from the stage of
midline notochordal integration and mesodermal prolifera-
tion result in combined abnormalities (~Fig. 34).”

A low crown-rump length may be the first sign of CRS in
the first trimester. At later stages, there is the abrupt inter-
ruption of the spine at dorsal, lumbar, or sacral level with
femurs fixed in a “V” pattern.

Caudal regression syndrome is broadly divided into two
types. In type I caudal regression syndrome, both caudal cell
mass and notochord formation are affected, resulting in the
high position (D12 vertebra) and abnormal termination of
conus medullaris. There is an association of vertebral aplasia
in the majority of patients.

Vol. 31
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Fig. 34 Anterior lipomyelocele and an absent right hemisacrum. (A) T2
axial and (B) T1 sagittal images showing a lipoma with the lipoma: placode
interface lying within the spinal canal. The lipoma herniates anteriorly and to
the right through an absent right hemisacrum. The triad of sacral defect,
anorectal malformation, and anterior spinal mass is Currarino’s triad.

Fig. 35 Caudal regression syndrome. (A) T2 sagittal image showing
the high position of a bulbous conus medullaris with abnormal
termination and partial sacral agenesis. This is Type 1 caudal regres-
sion syndrome. (B) T2 sagittal image showing a low-lying cord
tethered by a thick filum terminale, with partial sacral agenesis. This is
type 2 caudal regression syndrome.

In type II caudal regression syndrome, there is abnormal
development of the caudal cell mass with unaffected true
notochord formation. Hence, there is defective secondary
neurulation with normal primary neurulation. As a result,
only the most caudal part of conus medullaris is absent in
type Il CA (~Fig. 35). Vertebral dysgenesis is less severe in
these cases and these patients present with tethered cord
syndrome as the conus in these cases is stretched and
Vol. 31
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tethered. In the case of lumbosacral classification, Pang’s
classification (1993) describes five types:

Type 1:Total sacral agenesis (some lumbar vertebrae are
missing)

Type II: Total sacral agenesis (lumbar vertebrae are not
involved)

Type III: Subtotal sacral agenesis, S1 present

Type IV: Hemisacrum

Type V: Coccygeal agenesis24
Sacrococcygeal Teratoma
Although sacrococcygeal teratoma is a tumor, the embryo-
logical origin is from the pluripotent cells of caudal cell mass.
This tumor usually presents as a large complex solid-cystic
mass caudal to the coccyx. Most of them are benign and
contain derivatives from all three germ layers. Based on the
presence of external and internal components, they are
divided into four types: Type 1: primarily external, type 2:
Equal external and internal portions, Type 3: primarily
internal, and Type 4: entirely internal.

This could be diagnosed in antenatal ultrasound. In MRI,
the mass has variable appearance depending on the internal
contents, namely, fat, soft tissue, fluid, or calcium with a
heterogeneous enhancement of solid components of the
mass on post-contrast study.

The migration of pleuripotent cells to unusual locations
such as the level of cervical, dorsal, or lumbosacral vertebrae
may also result in teratomas.?®

Spinal[Sacral Chordoma

Spinal/sacral chordomas are aggressive rare malignant
masses of notochordal origin presenting as a firm mass.2’
They occur most commonly in the sacrococcygeal region
(30-35%). They present as a large destructive T1/T2 hetero-
intense lesion with SWI/GE showing variable intralesional
hemorrhage, suggested by the presence of a blooming
artifact.

Limitations

We have not analyzed the cutaneous manifestations and
other system manifestations. We have not made a detailed
analysis of vertebral anomalies and associated Arnold Chiari
malformations. We have not analyzed the follow-up images
of the patients after surgery.

Conclusion

We have tried to provide a structured approach in imaging of
spinal dysraphism, with special emphasis and inclusion of
recently documented unusual and complex dysraphisms,
and proposed a new classification. Further study and verifi-
cation are necessary to establish the clinical utility of the
proposed system.

Presentation at a Meeting
Organization: 74th Annual Conference of IRIA: Dr. N. G.
Gadekar oration, 2021.

© 2022. Indian Radiological Association. All rights reserved.



Place: Bengaluru
Date: Jan 21 to 24, 2021

Authors’ Contributions

Conception and design, acquisition of data, data analysis
and interpretation, manuscript editing and reviewing and
final approval.

References

1

N

w

IN

wv

a

~

o]

=}

1

Patel S, Barkovich AJ. Analysis and classification of cerebellar
malformations. Am ] Neuroradiol 2002;23(07):1074-1087
Tortori-Donati P, Rossi A, Cama A. Spinal dysraphism: a review of
neuroradiological features with embryological correlations and
proposal for a new classification. Neuroradiology 2000;42(07):
471-491

Sadler TW. Embryology of neural tube development. Am | Med
Genet C Semin Med Genet 2005;135C(01):2-8

Moore K. Congenital Abnormalities of the Spine. In: Coley BD, ed.
Caffey’s Pediatric Diagnostic Imaging. Philadelphia, PA: Elsevier
Saunders; 2013:449-60

Melvin EC, George TM, Worley G, et al; NTD Collaborative Group.
Genetic studies in neural tube defects. Pediatr Neurosurg 2000;32
(01):1-9

Chellathurai A, Ayyamperumal B, Thirumaran R, Kathirvelu G,
Muthaiyan P, Kannappan S. Segmental spinal dysgenesis-“rede-
fined”. Asian Spine J 2019;13(02):189-197

Gomi A, Oguma H, Furukawa R. Sacrococcygeal dimple: new
classification and relationship with spinal lesions. Childs Nerv
Syst 2013;29(09):1641-1645

Pang D, Zovickian ], Oviedo A, Moes GS. Limited dorsal myelo-
schisis: a distinctive clinicopathological entity. Neurosurgery
2010;67(06):1555-1579, discussion 1579-1580

Dias MS, Azizkhan RG. A novel embryogenetic mechanism for
Currarino’s triad: inadequate dorsoventral separation of the
caudal eminence from hindgut endoderm. Pediatr Neurosurg
1998;28(05):223-229

Reutter H, Hilger AC, Hildebrandt F, Ludwig M. Underlying genetic
factors of the VATER/VACTERL association with special emphasis
on the “Renal” phenotype. Pediatr Nephrol 2016;31(11):
2025-2033

Dias MS, Walker ML. The embryogenesis of complex dysraphic
malformations: a disorder of gastrulation? Pediatr Neurosurg
1992;18(05-06):229-253

Morota N, Ihara S, Ogiwara H. New classification of spinal lipomas
based on embryonic stage. ] Neurosurg Pediatr 2017;19(04):
428-439. Doi: 10.3171/2016.10

Indian Journal of Radiology and Imaging

13

14

20

21

22

23

24

25

26

27

28

29

Classification of Spinal Dysraphisms Kathirvelu et al.

McLone DG, Knepper PA. The cause of Chiari Il malformation: a
unified theory. Pediatr Neurosci 1989;15(01):1-12

Kumar J, Afsal M, Garg A. Imaging spectrum of spinal dysraphism
on magnetic resonance: a pictorial review. World ] Radiol 2017;9
(04):178-190

Uchino A, Mori T, Ohno M. Thickened fatty filum terminale: MR
imaging. Neuroradiology 1991;33(04):331-333 [PMID: 1922748
DOI: 10.1007/BF00587817]

Brown E, Matthes JC, Bazan C III, Jinkins JR. Prevalence of
incidental intraspinal lipoma of the lumbosacral spine as deter-
mined by MRI. Spine 1994;19(07):833-836

Rossi A, Biancheri R, Cama A, Piatelli G, Ravegnani M, Tortori-
Donati P. Imaging in spine and spinal cord malformations. Eur ]
Radiol 2004;50(02):177-200

Patwardhan V, Patanakar T, Patkar D, Armao D, Mukherji SK. MR
imaging findings of intramedullary lipomas. Am ] Roentgenol
2000;174(06):1792-1793

PangD,Zovickian],Moes GS.Retained medullarycord inhumans: late
arrest of secondary neurulation. Neurosurgery 2011;68(06):1500-
-1519, discussion 1519. Doi: 10.1227/NEU.0b013e31820ee282

Lee SM, Cheon JE, Choi YH, et al. Limited dorsal myeloschisis and
congenital dermal sinus: comparison of clinical and MR imaging
features. AJNR Am ] Neuroradiol 2017;38(01):176-182

Coleman LT, Zimmerman RA, Rorke LB. Ventriculus terminalis of
the conus medullaris: MR findings in children. Am ] Neuroradiol
1995;16(07):1421-1426

Alrabeeah A, Gillis DA, Giacomantonio M, Lau H. Neurenteric
cysts—a spectrum. J Pediatr Surg 1988;23(08):752-754

Vieira VLG, Bertholdo D. Klippel-Feil syndrome accompanied by
partial cleft of the cervical spine: a not-so-unusual combination?
Radiol Bras 2019;52(01):65-66

Pang D. Sacral agenesis and caudal spinal cord malformations.
Neurosurgery 1993;32(05):755-778, discussion 778-779
Muthukumar N. Thoracic myelocystoceles-two variants. Acta
Neurochir (Wien) 2006;148(07):751-756, discussion 756
Chellathurai A, Ayyamperumal B, Thirumaran R, Kathirvelu G,
Muthaiyan P, Kannappan S. Segmental Spinal Dysgenesis-“Rede-
fined”. Asian Spine ] 2019;13(02):189-197

Morioka T, Murakami N, Kanata A, Tsukamoto H, Suzuki SO.
Retained medullary cord with sacral subcutaneous meningocele
and congenital dermal sinus. Childs Nerv Syst 2020;36(02):
423-427

Kosmaidou-Aravidou Z, Siabalioti G, Karpathios S, Grigori P,
Panani A. Prenatal diagnosis of a cervical teratoma with a cyto-
genetic study. ] Matern Fetal Neonatal Med 2006;19(06):377-379
D’Amore T, Boyce B, Mesfin A. Chordoma of the mobile spine and
sacrum: clinical management and prognosis. ] Spine Surg 2018;4
(03):546-552

Vol. 31 No. 4/2021 © 2022. Indian Radiological Association. All rights reserved.

829



