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Introduction

Occult spinal dysraphism (OSD) denotes a group of anomalies resulting from errors
during embryogenesis with midline mesenchymal, neural, and ectodermal elements
failing to form properly. OSD was initially classified by von Recklinghausen when
he studied spina bifida caused by improper fusion of embryonic tissues. Over the last
century, its definition has widened to encompass split cord malformation (SCM),
meningocele manqué, neurenteric cysts, dermal sinus tract (DST), lipomyelomenin-
gocele (LMMO), fatty filum terminale, and tethered cord syndrome (TCS). Most
of these disorders share their symptomology and clinical features. Most cause pro-
gressive neurological deficits, impairment, urological abnormalities, and orthopedic
degradation to some degree, while some have no clinical symptoms [1].

The exact incidence of OSD is unknown, but with the dawn of technologically
advanced imagining techniques such as computed tomography (CT) and magnetic
resonance imaging (MRI), OSD lesions are becoming more and more readily iden-
tifiable and recognized incidentally.

Tethered Cord Syndrome

Tethered cord syndrome (TCS), filum terminale syndrome, or cord-traction syn-
drome denotes a gamut of congenital anomalies resulting in an uncharacteristically
low-lying position of the conus medullaris [2]. The resultant sequelae are neurologi-
cal sensory and motor deficiencies. TCS was first described by Fuchs in 1910 [3].
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He described urinary incontinence in patients with myelomeningocele when they
flexed the spine and hypothesized that the incontinence was a result of abnormal spi-
nal cord tension. Lichtenstein [1] added to Fuchs’s hypothesis by describing patients
with incomplete fusion and malformations, such as congenital abnormalities of the
spinal cord and vertebral column, and linked spinal cord dysfunction and tether-
ing lesions [1]. In 1953, Garceau invented the term “filum terminale syndrome.” He
observed three patients with progressive spinal deformity and neurological symp-
toms and deduced that this was due to a thickened filum terminale [4]. Not until 1976
was the term “tethered spinal cord” used by Dr. Hoffman and his colleagues. They
described 31 patients who had elongated spinal cords with symptoms that improved
after sectioning of the filum terminale [5].

Knowledge of the relevant anatomy and embryology is necessary to understand
TCS fully. As described in a recent review by Lew and Kothbauer [6], the neural
tube forms during neurulation at days 18-28 of gestation. The ectoderm that will
eventually form the neural tube begins to close around days 22-23 and extends
cephalad and caudad with the posterior neuropore closing by day 25-27. After neu-
rulation is complete, the distal neural tube undergoes canalization and then neu-
ralization. Undifferentiated cells from the primitive streak lead to formation of the
caudal cell mass. This mass leads to the formation of vacuoles that fuse and develop
into the distal neural tube. The caudal cell mass will in turn become the conus
medullaris, filum terminale, and the cauda equina. By days 43—48, the ventriculus
terminalis forms at the end of the neural tube near the coccyx, leading to the future
location of the conus medullaris.

TCS has been studied extensively over the last decade, mostly in animal models.
In a study of felines, Yamada et al. demonstrated that by adding weights to the filum
terminale, simulating a tethered cord, they could identify the neurological effects of
TCS. With tethering being greatest on the more caudal end of the spinal cord and the
rostral end being more robust owing to the buffering ability of the dentate ligaments,
blood flow and oxidative metabolism were significantly impaired. Using this model,
the reversibility and the degree of injury were based on the duration and magnitude of
the tethering. It was demonstrated that prolonged immobility of the spinal cord and
nerve roots causes longitudinal stretching of the spinal cord, leading to blood supply
compromise [7]. Kocak et al. conducted a study involving guinea pigs, using cyanoac-
rylate to fix the filum terminale [8]. They found that a simulated tethered cord caused
ischemic injury and decreased conduction in motor and sensory nerve fibers. In previ-
ous studies, it was thought that the abnormal and inelastic filum can interfere with the
embryological ascent of the conus medullaris relative to the vertebrae. This leads to a
low-lying conus medullaris (below L1/L.2), the characteristic trait of TCS. More recent
studies have shown that over a 12-year period of tracking of 73 patients, 13 patients
whose cord ended at or above the L1-L2 space still displayed symptoms of TCS [9].

In one case series by Khoshhal et al., 35 patients over 7 years were reviewed.
The dysraphisms most frequently associated with TCS were lipomeningomyelocele
(LMMC), found in 12 of the 35 patients (34.3%), myelomeningocele in 8 (22.8%),
dermal sinus tract in 5 (14.3%), split cord malformation in 4 (11.4%), meningocele
in 3 (8.6%), and a thick filum terminale in 3 (8.6%) [10].
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OSD with isolated imperforate anus can be as high as 15% in TCS and patients
with associated VACTERL as high as 60% [11]. Two of the primary and most preva-
lent associations with TCS are caudal agenesis and anorectal atresia syndromes.
These include the OEIS cluster, imperforate anus, cloacal exstrophy, omphalo-
cele, and spinal anomalies; VACTERL (vertebral anomalies, anal atresia, cardiac
anomalies, tracheoesophageal fistula, renal and limb anomalies); and the triad of
Currarino, anorectal malformation or congenital anorectal stenosis, sacrococcygeal
osseous defect, and presacral mass. VACTERL is commonly associated with TCS
and has been found in up to 78% of patients with a tethered cord [12]. TCS was
associated with Currarino syndrome in up to 26.7% of patients [13, 14]. In another
case report, ultrasonography revealed a sacrococcygeal teratoma associated with a
tethered spinal cord during the 23rd week of pregnancy [15].

Miller-Dieker syndrome has been associated with TCS. TCS was secondary to
a thickened filum terminale and/or a dermal sinus tract in two case studies [16,
17]. There has also been an association between Chiari type I malformations and
TCS, one study showing that TCS was present with Chiari type I malformations
in 14% of the patient population studied and 63% with low-lying cerebellar ton-
sils [18]. In another study of 170 patients with TCS, 10 (6%) had a Chiari type I
malformation [19].

Fatty Filum Terminale

Fatty filum terminale is also known as lipoma of the filum terminale, thick filum
terminale, or filar lipoma. The filum terminale is a fibrous band comprising two
portions: the filum terminale internum, which connects the conus medullaris to
the dural sac, and the filum terminale externum, which connects the dural sac to
the coccyx [20]. A common cause of TCS, fatty filum terminale develops when the
filum, which is normally a viscoelastic band that allows the conus medullaris to
move slightly during spinal extension and flexion, is infiltrated with adipose tissue
and becomes thickened. When there is excessive stress and traction caudally on the
conus medullaris, the end result is a tethered cord [21]. Understanding the embryol-
ogy of this condition, and other forms of TCS, is vital for understanding how such
lesions occur: errors during secondary neurulation, when the distal spine caudal to
S2 and the filum terminale form [22]. Errors during canalization or regression of the
caudal cell mass between days 28 and 48 are believed to contribute to the formation
of a low-lying conus, terminal lipomas, and fatty filum terminale [6]. McLendon
et al. demonstrated that adipose tissue is a common finding in patients with TCS and
can often be detected by computed tomography scans [21]. They suggest that adi-
pose in the filum is not diagnostic for tethering of the spinal cord, but if the adipose
is picked up by CT scans then the clinician should ask “is there tethering?” They
also note that adipose tissue can be found in the filum terminale in about 19% of the
asymptomatic adult population, while only 6% were detectable by CT. Tight filum
terminale or fatty filum is said to constitute as many as 25% of all lesions causing
TCS [22]. Interestingly, this common cause of TCS has been associated with pain
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and with urinary dysfunction. Urological and neurological symptoms are a function
of the magnitude and duration of traction placed on the spinal cord. Traction that has
been sustained for a long time could potentially result in more severe and irrevers-
ible neurological dysfunction.

Finn et al. recently recommended that for symptomatic conus lipomas and filum
lipomas, the treatment should be surgical intervention. If the patients are asymptom-
atic with a fatty filum, then close observation will suffice [23]. Most people consider
surgical intervention appropriate for symptomatic patients with TCS and low-lying
conus [24].

One study of 293 patients with TCS revealed that 190 (64.8%) had fatty filum
terminale [25]. In another study of 33 patients with split cord malformations, 26
(78.8%) had a fatty filum terminale [26]. Approximately 67% of patients with syrin-
gomyelia have an associated fatty or tight filum terminale [27].

Neurocutaneous melanosis (NCM), where large congenital melanocytic nevi are
associated with melanocytic deposits in the leptomeninges, has been identified in
five cases over a 12-year period, all five patients having one or more spinal abnor-
malities. Three (60%) had a low-lying conus medullaris, of whom two had a fatty
filum terminale causing a tethered cord [28].

Split Cord Malformation

Another major group considered part of the TCS spectrum is split cord malforma-
tion (SCM), diastematomyelia or diplomyelia (two hemicords). Diastematomyelia
is a closed neural tube defect in which the spinal cord is longitudinally split by a
fibrous band or a bone spicule. Split cord syndrome can refer to either diastema-
tomyelia or diplomyelia. The nomenclature has been revised recently to eliminate
some of the confusion in the literature. Diastematomyelia is a split cord in which
the two halves are separated by a bone spicule and contained within separate dural
sleeves; in diplomyelia the two hemicords lie within a common dural sac, more
commonly with two complete sets of nerve roots, divided by a fibrous band [29]. In
this section, we will use SCM and diastematomyelia interchangeably.

Diastematomyelia, found in a quarter of OSD patients, is thought to develop
before primary neurulation or more specifically during gastrulation. Pang suggested
that it arises during development when adhesions occur between the endoderm and
the ectoderm, leading to the formation of a mesenchymal tract splitting the spinal
cord [30]. The spinal cord is tethered at the level of the bisecting bony spur/dor-
sal band and/or by a fatty filum terminale. Clinical examination of these patients
reveals cutaneous stigmata such as tufts of lumbosacral hair. About 85% of patients
diagnosed with confirmed diastematomyelia demonstrated bony abnormalities, and
50% presented with scoliosis.

In previous studies [30], the symptoms of SCM were described as similar to
those in TCS. Pang found that the adult SCM population he studied had severe pains
in the legs and perineum with additional sensorimotor findings. Children presented
slightly differently, with gait abnormalities but with less pain and progressive spinal
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and foot deformities. Proctor and Scott (2001) found that while some patients with
SCM presented with obvious urological symptoms, formal testing revealed occult
urological abnormalities in as many as 75% [29]. Pérez et al. presented comparable
results and recommendations. They studied 27 patients with SCM, 14 of whom had
urological complaints, most commonly urge incontinence [31]. They suggest that
all patients with confirmed SCM should undergo formal urological testing.

A characteristic of SCM is its unique tandem prevalence with other nervous sys-
tem lesions, specifically fatty filum terminale, lipomyelomeningocele, myelomenin-
gocele, and Chiari malformations. A recent study of 113 patients showed that 56 had
one spinal cord lesion and 76 had two or more. One hundred and thirteen patients
(100%) had a tight filum terminale, 26 (23.0%) a myelomeningocele, 23 (20.4%)
a myelomeningocele manqué, 19 (16.8%) a meningocele, 12 (10.6%) an intradural
lipoma, 8 (7.1%) a dermal sinus tract, 7 (6.2%) a hemimyelomeningocele, 6 (5.3%)
an epidermoid, 5 (4.4%) a dermoid, 5 (4.4%) a lipomyelomeningocele, 5 (4.4%) an
intrasacral meningocele, 4 (3.5%) a second SCM at a different vertebral level, and
1 (0.88%) a teratoma [32]. Another more recent study showed that 33 patients with
diastematomyelia had a 78.8% likelihood of tandem thick filum terminale, 9.1%
had dermal sinus tracts, and 6.1% a lipomyelomeningocele [26]. One source cites
up to 38% of patients with SCM having simultaneous syringomyelia [27]. More
recently, other studies have confirmed that upward of 50-85% of patients with SCM
have a secondary comorbidity. Albright et al. mention that scoliosis in patients with
a tethered cord and SCM is as high as 90% [27].

Lipomyelomeningocele

Lipomyelomeningocele (LMMC), or conus lipoma, a lipoma of the conus medul-
laris, is another key group of OSDs that leads to tethering of the spinal cord (TCS).
LMMC results from an error during the first part of spinal cord formation, primary
neurulation. Primary neurulation involves folding of the neuroectoderm and forma-
tion of the neural tube that becomes the spinal cord. This occurs on postovulatory
day (POD) 18. The notochord induces the overlying ectoderm to proliferate as neu-
roectoderm, forming a groove that progressively elevates until it fuses and forms
the neural tube. Superficial ectoderm separates from the neuroectoderm and fuses
at the midline during disjunction. The mesoderm forms the posterior bony and soft
tissue elements. Premature disjunction occurs when migration of the mesodermal
elements that eventually form fatty tissue leads to a defect covered with skin or a
closed defect due to ectodermal fusion preceding formation.

In previous studies it was noted that LMMC has a female to male ratio of 2:1 and
an incidence rate of 1:400 [22]. Patients classically present with bladder dysfunc-
tion, intractable pain, cutaneous stigmata, and progressive neurological motor and
sensory decline [33]. LMMCs are the most common type of spinal lipomas [23].
Commonly, investigation begins by noting cutaneous markers such as a subcutane-
ous lumbosacral mass, found in approximately 90% of patients. LMMC is com-
monly diagnosed during infancy [23, 34]. Other common stigmata are skin dimples,
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hemangiomas, hair patches, skin tags, and depigmented regions. While cutaneous
signs and neurological deficits are common, up to 48% of patients are completely
asymptomatic and normal at presentation. As with other spinal dysraphisms, there
is a strong neurological and urological deficit, the urological deficit being the most
common initial neurological manifestation, seen in as many as 60% of patients with
LMMC [35]. These patients have a progressive and downward deterioration of uro-
logical and neurological function. In one study, 62.5% of patients who presented at
less than 6 months of age and 29% of those presenting at more than 6 months were
asymptomatic [36]. In another study of 34 patients, all children above the age of
5 years were symptomatic, while all those under 4 years old were asymptomatic
[37]. A large retrospective review on outcomes of patients with LMMC found that
urological and bowel dysfunction did not improve over time. However, motor and
sensory symptoms did show signs of recovery as 10 of the 11 patients undergo-
ing surgical retethering went back to their preoperative functional status. Although
asymptomatic patients are common, natural progression of the disease leads to neu-
rological and urological deterioration, urinary bladder dysfunction typically occur-
ring in the age range 0-2 years, while motor and sensory symptoms progress later
in life, typically in the teenage and young adolescent years [38]. Early diagnosis,
surgical intervention, and untethering are crucial for minimizing otherwise cata-
strophic neurological dysfunction [33].

As in other OSDs, the literature describes some peculiar yet interesting associa-
tions of LMMCs. TCS is fundamentally linked to LMMCs as the lipoma anchors
the cord to the adjacent dura and soft tissue [39]. In a study of 97 patients, Hoffman
et al. found a few common associations and noted that 4% had urological anoma-
lies, 3.1% terminal hydromyelia, 3.1% dermal sinuses, 3.1% SCM, 3.1% dermoid
and/or epidermoid cysts, 3.1% diastematomyelia, 1.0% anal stenosis, and 1.0%
Down syndrome (trisomy 21) [36]. To compound these findings, Kanev et al.
noticed a different set of anomalies in their patient set. Among 80 patients with
confirmed LMMC observed over 35 years, 8.75% had scoliosis, 7.5% an amniotic
band extremity deformity, 5.0% sacral dysgenesis, 2.5% hydromyelia, and 2.5%
stenosis. More recently, Tubbs et al. noticed that Chiari type I malformation had a
higher incidence in patients with LMMC than the general population. Among their
54 patients, roughly 13% with a Chiari malformation had a tandem LMMC [40].
Agopian et al. found 14.4% of their spina bifida patients to have LMMC [41, 42].
Currarino syndrome is often associated with LMMC, which is considered one part
of the “triad of Currarino.” The triad consists of an anorectal malformation (ARM),
a sacral vertebral bony defect, and a presacral mass [14]. In 1 study of 13 patients
with Currarino syndrome, 5 (38.4%) had LMMC [13]. To our knowledge, the litera-
ture describes two patients with LMMC together with duplication of the spine [43,
44]. The most common neural tube defects are encephalocele and myelomeningo-
cele, and we discovered one case report of a patient who had a LMMC, complete
situs inversus, occipital encephalocele, and tetralogy of Fallot. This was the first
such case described and invites further research into links or associations between
OSD and encephaloceles [45]. Among 11 patients identified with a collection of
anomalies and lesions known as PELVIS syndrome (perineal hemangioma, external
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genitalia malformations, LMMC, vesico-renal abnormalities, imperforate anus, and
skin tag), 3 (27.3%) had a LMMC [46]. Sirenomelia or mermaid syndrome was
found in one study in which all five patients with cloacal exstrophy had some form
of OSD: four had terminal myelocystoceles and one had a LMMC [47]. Another
case report identified a sacrococcygeal teratoma associated with a tethered spinal
cord during the 23rd week of pregnancy by ultrasonography [15]. One study noted
that up to 21% of patients with LMMC had associated syringomyelia [48]. Tubbs
et al. found two patients with LMMC associated with Pacinian corpuscles [49].

Neurenteric Cysts of the Spine

First described by Puusepp in 1934, neurenteric (NE) cysts are erratic lesions of
the central nervous system that are lined with intestinal epithelium [50]. The World
Health Organization describes neurenteric cysts as “lined by mucin-secreting epi-
thelium resembling that of the gastrointestinal tract” [51]. Spinal neurenteric cysts
are congenital abnormalities derived from an anomalous connection between the
primitive endoderm and ectoderm during the third week of life. The cysts are con-
sidered endodermal in origin because of such markers as vertebral anomalies, gut
cysts, bowel reduplication, and keratin markers [52]. They have acquired numerous
different names in the literature such as neurenteric cyst, enterogenous cyst, enteric
cyst, gastrocytoma, dorsal enteric fistula, split notochord syndrome, and teratoid
cyst [52]. Neurenteric cysts are not limited to the spinal column but can be found
in other areas of the body, specifically the brain, mediastinum, abdominal cavity,
and pelvis [53]. These alternative locations are rare, intraspinal neurenteric cysts
accounting for 0.3-0.5% of all spinal “tumors” [54]. Neurenteric cysts are not true
tumors in the traditional sense in that they do not arise from teratomas, but more
closely resemble hamartomas, which are displaced pockets of endodermally derived
tissue [49].

Neurenteric cysts can be located anywhere in the spine and present differently.
Rauzzino et al. had 13 patients, ages ranging from 5 weeks to 52 years, most pre-
senting early in life, classically during the first two decades, while older patients
presented during their fourth decade. Presentation varied, younger patients pre-
senting with the class of cutaneous markers associated with OSD, older ones with
neurological dysfunction and pain. Their locations ranged from C2 to L5, with no
lesions in the craniocervical junction. The cysts have most commonly been found in
relation to the spinal cord, dorsal to the spinal cord as intradural and extramedullary
masses and occasionally as an extradural dorsal mass. The second most common
location for them is intramedullary, followed by anterolateral and anterior positions.
Common locations along the vertebral column are thoracolumbar, upper thoracic,
cervical spine, and lower lumbar region, in sequence from most common to least
common [52].

Intraspinal neurenteric cysts can be stand-alone but have also been found with
tandem congenital anomalies, 50% of presentations being accompanied by vertebral
anomalies including vertebral defects, Klippel-Feil syndrome, spondylolisthesis and
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other congenital defects such as meningomyelocele, syringomyelia, spinal lipoma,
diastematomyelia, and intramedullary epidermoid cysts [55, 56]. Other simultane-
ous anomalies were mentioned in the study by Arai et al.; among their 43 cases with
neurenteric cysts, two patients had grossly abnormal vertebral bodies, and two had
myelomeningoceles [57]. Years later, Rauzzino and colleagues studied 13 patients
and noted that 12 of them (92%) had a vertebral malformation in addition to the
neurenteric cysts. Eight (62%) had posterior vertebral column abnormalities in the
form of spina bifida, five (39%) had anterior vertebral column abnormalities, two
(15%) had Klippel-Feil abnormalities, and two (15%) had scoliosis. They also noted
that 69% of their patients had another form of spinal dysraphism, 31% having split
cord malformations, 31% intradural lipoma, 23% fatty filum terminale, and 8%
each having meningocele, meningocele manqué, and syringomyelia [52].

Compression of the spinal cord by neurenteric cysts and inflammatory reaction
to the cysts’ inner contents are the aggravators of most presenting symptoms [58].
Pain is the primary complaint, either radicular (31%) or local (54%), but there are
other presentations, albeit rare, such as aseptic and bacterial meningitis, chronic
pyrexia, and paraplegia [59, 60]. In some patients, symptoms have been reported
to fluctuate, the two main hypotheses suggesting either the cyst itself ruptures or
changes in the rates of mucin synthesis and reabsorption by the cyst wall [61, 62].
Classically, neurenteric cysts are insidious and even asymptomatic, so diagnosis is
often delayed until the patients have suffered critical motor loss or other significant
neuropathies [63].

Imaging modalities include plain spine roentgenograms, computed tomography
(CT), and magnetic resonance imaging (MRI), the last named being the quintes-
sential diagnostic modality [64].

Neurenteric cysts can easily be seen on MRI as hypointense on T1-weighted
(T1WI) scans and hyperintense to isointense on T2WI scans compared to cere-
brospinal fluid (CSF) [65]. The cystic fluid can appear hyperintense to isointense
in comparison to CSF on both TIWI and T2WI owing to different protein content
in the cyst fluid or to hemorrhage within the cyst itself. Rim enhancement is rarely
achieved by contrast medium [65]. There are various surgical approaches, and one
may choose one over the other depending on the location and level of the lesion

[66-68].

Dermal Sinus Tracts of the Spine

Congenital dermal sinuses, a distinctive form of OSD that presents classically with
meningitis, neural compression, and TCS, occur in about one in every 1500 births
[69]. Dermal sinus tracts are lined with simple squamous epithelium and can pen-
etrate anywhere in the midline from the occiput to the lumbosacral region [70].
The dermal sinus tract can traverse multiple spinal levels before it crosses the dural
defect to an attachment on the spinal cord or filum terminale [71]. The etiology
is thought to be failure during disjunction, causing adhesion between the neural
and cutaneous ectoderm [72]. During embryological development the ectoderm
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separates into two distinct portions, the neuroectoderm and the cutaneous ectoderm.
This process, known as “disjunction,” is thought to be the source of the error respon-
sible for forming dermal sinus tracts, sometimes referred to as “incomplete disjunc-
tion.” This abnormal disjunction, or failure to separate fully, takes place around
the fourth week of development during primary neurulation. Gupta et al. found a
correlation of 11.34% between dermal sinus tracts and other forms of spinal dys-
raphism [73]. Dermal sinus tracts can be associated with other abnormalities such
as myelomeningocele, LMMC, and SCM [30]. Roughly 60% of dermal sinus tracts
enter the subarachnoid space with up to 27% attached to the neural elements of the
conus medullaris and filum terminale [74]. According Kanev and Park, the tracts
can also end blindly within the extradural space in as many as 20% of patients and
rarely end subcutaneously or within the paraspinal muscles [71].

Patients present classically with cutaneous stigmata such as a pit or dimple just
superior to the intergluteal crease. Some patients also have skin tags, lipomas (sub-
cutaneous), hairy patches or hypertrichosis, and hemangiomas. A rare finding, a
pseudotail, a dermal appendage, has been reported recently in the literature associ-
ated with OSD, specifically alongside dermal sinus tracts [75]. The most common
location for these stigmata is the lower lumbar or lumbosacral region, thoracic and
cervical sinuses being significantly rarer [69]. Kanev and Park report an apparent
male preponderance and infer that a family history of spinal dysraphism is highly
unlikely. They state that all midline skin pits above the intergluteal fold should be
assumed to communicate with intraspinal elements. Importantly, midline skin pits
below the top of the intergluteal crease are blind to sacrococcygeal dimples, and
there are no connections between the surface and intraspinal elements [71]. Dermal
sinuses are dangerous because they can foster bacterial overgrowth and cause cata-
strophic infection, particularly meningitis and abscesses. They occur in approxi-
mately 50% of cases, the most common organisms being Staphylococcus aureus
and Escherichia coli. Multiple episodes of meningitis and abscess can occur until
the sinus tract is repaired [76].

Most patients have intact neurological functions at birth, but as they age and
go through their growth spurts, symptoms begin to arise similar to those of other
OSDs: pain, abnormal curvature of the spine, orthopedic deformities, gait distur-
bances, sensory and motor deficits, urological dysfunction, and weakness [77].

Ultrasonography easily identifies the subcutaneous tracts and also lesions asso-
ciated with the dermal sinus tract, such as intraspinal inclusion tumors. Computed
tomography using fine-section slices with sagittal reconstructions after administra-
tion of an intrathecal contrast agent is the method of choice for locating the bony
landmarks and sinus tract attachment point. However, CT myelography is not rec-
ommended if a superficial sinus infection is suspected, as introducing the contrast
agent can cause the organisms to spread to the CSF. Recently, CT studies have been
replaced by high-resolution MRI, giving the provider a three-dimensional visualiza-
tion of the tract path and other associated malformations. The sinus tract appears
as a low-intensity tract that climbs into the subcutaneous tissue with high intensity
on both T1- and T2-weighted images [78]. In contrast to the advantages of modern
MRI, a normal MRI does not exclude the diagnosis of a sinus tract. Only about 40%
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of dermal sinus tracts are detected by preoperative MRI, so if the MRI is normal
and the tract is above the gluteal crease, surgical exploration is recommended [79].

Regardless of patient age or neurological pathology, dermal sinuses above the
intergluteal crease should be surgically removed at the time of diagnosis to prevent
future neurological sequelae and catastrophic infections [71]. Radmanesh et al. sug-
gest that all dermal sinus tracts above the sacrococcygeal region should be explored
operatively regardless of imaging [80]. A high index of suspicion is warranted for all
dimples above the intergluteal fold regardless of imaging data. Any midline dimples
need to be examined carefully when an infant suffers from meningitis caused by
unusual organisms. Conservative treatment is contraindicated, and surgery should
be carried out prophylactically on patients with advanced neurological deficits, to
slow the advance of neurological compromise [81].

In 1 study of 33 patients, 3 (9.1%) with split cord malformations had a der-
mal sinus tract [26]. Dermal sinus tracts have been discussed in the literature. A
case report identified 20 individuals with encephaloceles, a congenital malforma-
tion involving protrusion of the meninges and/or brain tissue, one of whom (5%)
had a dermal sinus tract [82]. Radmanesh et al. described dermoid cysts as the
neoplasms most commonly associated with dermal sinus tracts [83]. One study
reported an association of 73% between dermal sinus tracts and dermoid inclusion
cysts [80], though another study reported a lower association with a value of up
to 50% [80].

Terminal Syringomyelia (Syrinx)

Syringomyelia is a fluid-filled cavity within the spinal cord and was first described
by Ollivier d’Angers in 1827. Terminal syringomyelia, i.e., involving the distal third
of the cord is a component of occult spinal dysraphism. Like many other OSDs,
syringomyelia has been associated with myelomeningocele, LMMC, split cord
malformation, Chiari type I/II malformations, and TCS. One review of 143 OSD
cases over 20 years revealed that 24 (27%) of the 90 patients imaged with MRI
had a terminal syrinx [84, 85]. Iskandar et al. found a 3:2 female to male ratio, the
most common presenting symptoms of a terminal syrinx being scoliosis, back pain,
bowel and urological dysfunction, and a multitude of neurological deficits.

The pathogenesis of syringohydromyelia is still contested, but many articles
refer to the hydrodynamic hypothesis of Gardner and Goodall [86]. This is based on
the premise that there are pressure differences between the brain and spinal canal.
Gardner and Goodall propose that an obstruction in the fourth ventricle or at the level
of the foramen magnum increases hydrostatic pressure and causes a shift of CSF
from the brain to the central spinal canal. Other hypotheses propose a pathogenesis
of syringomyelia secondary to arachnoiditis, trauma, and neoplasm. They suggest
that ischemic changes in the spinal cord due to hypovolemia, arachnoiditis-induced
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compartmentalization of the spinal canal, epidural venous congestion, and cystic
degeneration of a neoplasm could all cause pressure differentials and shift CSF
from areas of high to low pressure [85].

Classically, patients present with motor weakness, sensory and sphincter dis-
turbances, and pain. There can be significant trunk weakness in some patients who
have tandem scoliosis caused by the syrinx. Scoliosis and motor weakness are insid-
ious in onset. In common with other OSD malformations, urological dysfunction
is associated with syringomyelia. In the study by Iskandar et al., at least 16 (59%)
of 27 patients with terminal syringohydromyelia had some form of scoliosis, and
this is consistent with other studies showing a correlation between scoliosis and
syringohydromyelia [87]. In the study by Iskandar et al., every patient had one or
more tandem OSD malformations. Foot deformities, hypertrichosis, and capillary
hemangiomas have been reported in other studies [88].

As with other OSD malformations, diagnosis is best made via high-resolution
MRI with and without gadolinium enhancement. Gadolinium contrast agent allows
for easy identification of the syrinx and demonstrates its magnitude and reveals any
other OSD defects unknown to the provider [89].

Management can be difficult to navigate for this complex disorder. Anderson
et al. followed 20 patients over 10 years without intervening surgically and found
that about 35% showed no progression of symptoms, 55% had progressive symp-
toms, and 10% had showed intermittent progression after the initial presentation
[90]. There are three broad categories of surgical treatment ultimately based around
the differing hypotheses concerning the pathogenesis of syringomyelia. The first
surgical approach is based on the Gardner and Goodall hydrodynamic hypothesis.
The second group of operations is based on aspirating the cystic contents of the
syrinx and the third category on lumboperitoneal shunting with the aim of lowering
the craniospinal pressure gradients [37].

Terminal syringomyelia, like other OSDs, has common associations. The most
common forms of OSD associated with syringomyelia are SCM, LMMC, myelo-
meningocele, and thickened filum terminale [91]. Syringomyelia is found in up to
one third of OSD cases investigated by MRI scans [27]. Logue and Edwards stud-
ied 75 patients with syringomyelia and found that roughly 50% had scoliosis and
a Chiari type I malformation [92], while another more recent study showed that
37 (13.5%) of 275 patients with syringomyelia had scoliosis [87]. Another recent
study of 163 patients with syringomyelia showed that 59 (36%) had a low neck or
hair line, 8 (4.9%) hydrocephalus, 1 (0.61%) Dandy-Walker syndrome, 54 (33.1%)
kyphoscoliosis, 1 (0.61%) brain stem glioma, 4 (2.5%) a spinal cord tumor, and 4
(2.5%) an atlantoaxial dislocation [93]. The most common association with syrin-
gomyelia is the Chiari type I malformation, the hindbrain hernia. A study of 68
patients with Chiari type I malformation showed that up to 40% had syringomyelia
between levels C4 and C6 [94]. Patients with myelomeningoceles had syringomy-
elia in up to 45% of cases [48, 95].
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Conclusions

Many diagnoses may also have an associated form of the occult spinal dysraphisms.
Each of these should be investigated in order to minimize long-term consequences
of an untreated or unrecognized tethered spinal cord.
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