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By definition, occult spinal dysraphism (OSD) is characterised 
by intact overlying skin, although most patients have some form 
of cutaneous stigmata. Because the underlying pathology is so 
variable, the clinical presentation and course of the condition vary 
significantly from severely disabling to asymptomatic throughout 
life. Management usually requires a multidisciplinary team of 
paediatricians, paediatric neurosurgeons, urologists, orthopaedic 
surgeons, occupational therapists, physiotherapists and geneticists. 
Although the spectrum of dysraphic abnormalities includes 
cranial anomalies (encephalocele), this article will focus on the 
spinal manifestations.

Epidemiology
Unlike open dysraphism, the exact prevalence of occult dysraphic 
disorders is unclear, in part because many patients may remain 
asymptomatic. The literature reports a combined incidence of spina 
bifida (open and closed) between 0.5 and 2.5/1  000 live births, 
varying among regions and populations. The incidence of OSD 
depends on how frequently relatively minor abnormalities are 
investigated and how often conditions are detected coincidentally. 
Pre-conception maternal folate consumption seems to have less of 
an effect than in open defects, although folate-dependent pathways 
in neural tube closure are involved in OSD. An association with 
maternal diabetes mellitus and anti-epileptic medications such as 
valproic acid and carbamazepine has been demonstrated. Genetic 
factors play significant predisposing roles, and much research has 
examined genes involved in folic acid metabolism pathways.[1] One 
such gene is the 5,10-methylenetetrahydrofolatereductase (MTHFR) 
gene located on chromosome 1. Folate is known to participate as 
a single-carbon donor for synthesis of thymidine and purines, the 
building blocks of DNA, and it is a methyl donor for methionine 
formation.[2,3] However, its exact role remains unclear.

Embryology
A clear understanding of the clinical and radiopathological spectrum 
of OSD requires an appreciation of the basic embryology of the 
nervous system. This will be discussed briefly below.

The development of the nervous system can be divided into three 
stages: gastrulation, primary neurulation and secondary neurulation.

Gastrulation 
This begins by the end of the second week of gestation. The blastocyst, 
being a disc with two cell layers, is converted to a trilaminar plate by 
the formation of a third layer that will be the future mesoderm. 
This is triggered by the appearance of a primitive streak towards 
which cells migrate and which they pass through. It is also the first 
indication of a rostro-caudal orientation related to Hensen’s node.

During this phase, there is a transient communication between the 
amnion and yolk sac, called the neurenteric canal.

Primary neurulation
At the end of the third week, the notochord initiates the differentiation 
of ectodermal cells into specialised neuro-ectoderm and the neural 
plate subsequently folds to form a tube. Closure of the neural tube 
occurs at up to five points in the human embryo.[4]

After closure, the neuro-ectoderm separates from the cutaneous 
ectoderm (dysjunction), and the space between is filled by mesoderm. 
This only accounts for the spine down to the S2 and S3 caudal levels. 
The remainder of the sacrococcygeal elements form subsequently.

Secondary neurulation
A caudal cell mass composed of pluripotent cells ascends from the tail 
bud of the embryo and, through a process of vacuolisation, forms a 
central canal that connects to the rostral cord formed during primary 
neurulation. The tip regresses, leaving in its wake the small filum 
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Table 1. A guide to the pathologies that develop at different embryological stages
Gastrulation Primary neurulation Secondary neurulation

Split cord malformation – duplicated 
notochord

Spinal lipoma – premature dysjunction and 
mesoderm migration

Thick filum – failure of terminal mass 
regression (Fig. 1)

Neurenteric cysts – failure of notochord 
precursor integration

Dermal sinus track – late dysjunction Caudal regression syndrome – failure of caudal 
cell mass to differentiate and ascend (Fig. 2)

Sacral agenesis
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terminale. Occult dysraphic abnormalities 
can be traced to a focal defect in one or more 
of these stages.[5]

Embryopathology
Table 1 lists the various pathologies that 
develop at different embryological stages. 
Open dysraphism largely results from primary 
neurulation, principally neural tube closure. In 
contrast, OSD involves any of the stages.

Spinal lipomas and dermal sinus tracks 
are the most common disorders presenting 
as clinical problems. Secondary neurulation 
lesions are the ones most frequently associated 
with anomalies of other germ-layer structures. 
Rarely, these pathologies are seen as part 
of a multiple malformation syndrome such 
as VACTERL (vertebral, anorectal, cardiac, 
tracheo-oesophageal fistula, oesophageal 
atresia, renal and limb defects).

The primary clinical problem in all these 
children is a tethered spinal cord, which is 
the key concept in understanding why they 
usually require treatment. The embryological 
problem occurs when the developing spinal 
cord lies low in the spinal canal. Normally, the 

conus of the spinal cord ascends in the spinal 
canal during fetal growth, as the vertebral 
column grows disproportionately in length. 
In OSD, however, the pathology (usually 
fat) attaches to the spinal cord low in the 
lumbosacral area, causing it to be tethered 
distally and progressively stretched (Fig. 3). 
Often there is a neurological deficit related 
to the failure of segmental development; 
however, sometimes the findings on 
neurological examination are normal. 
The primary concern, however, is that late 
neurological deterioration may develop (at 
any time from the first few months of life 
through to adulthood) as a consequence of 
mechanical stretch and ischaemic injury.

Clinical presentation
A detailed history should include a family 
history of associated abnormalities, 
maternal drug use during pregnancy, 
and pre-conception folate consumption. 
Recurrent urinary tract infections may 
signify a neurogenic bladder. Bed wetting 
or urge incontinence may be due to a spinal 
abnormality or simply a stage in development. 

However, if these occur after the age of 5 years 
or are associated with other symptoms or 
signs, they should be investigated.

Previous meningitis (especially recurrent) 
may suggest a dermal sinus. Often the 
findings on examination of the newborn are 
apparently normal, but it must be remembered 
that neurological examination at this stage 
is relatively insensitive to subtle upper 
motor and lower motor neuron signs, both 
of which may reflect a static or progressive 
neurological deficit. Wasting of muscle groups 

Fig. 1. Sagittal magnetic resonance imaging scan 
showing a fatty filum (arrowed). This is often 
incidental but may occasionally be symptomatic.

Fig. 2. Sagittal magnetic resonance imaging scan 
showing caudal regression. Note the abnormal 
development of the bony sacrum (black arrow) and 
the spinal cord conus. There are also fluid-filled 
cavities in the cord (syringomyelia, white arrow).

Fig. 3. T1-weighted magnetic resonance imaging 
scan of the spine, demonstrating a transitional 
lipoma attached broadly to the distal spinal cord 
in the sagittal (a) and axial (b) planes (the white 
arrow shows the compressed and distorted spinal 
cord, and the black arrow the large lipoma within 
the dural sac and attached to the cord).

a

b
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is occasionally noticed, and the anus may 
demonstrate low external sphincter tone.

Cutaneous stigmata
Although this disorder is termed occult, about 
50 - 86% of patients will have cutaneous 
stigmata of dysraphism (Fig. 4). These are 
usually the presenting signs that initiate 
further investigation. The likelihood of positive 
imaging findings associated with cutaneous 
lesions increases significantly when a patient 

has two or more lesions.[6] The lesions are 
usually located in the midline lumbar region; 
occasionally they may be off-centre or further 
rostral along the spine (Fig. 5). Table 2 lists 
some of the abnormalities that may be noted, 
although any cutaneous lesion along the spine 
should raise concern about OSD.

Orthopaedic deformities
Approximately 50 - 70% of patients with 
OSD will have some form of orthopaedic 
deformity, including limb length discrepancy, 
unilateral atrophy, scoliosis (Fig. 6) and 

talipes equinovarus (club foot). In the 
toddler, a shortened, tight Achilles tendon 
may sometimes be the only sign. If a patient 
has an anorectal malformation, it is routine 
practice to perform a spinal magnetic 
resonance imaging (MRI) scan to exclude an 
associated tethered spinal cord.

Investigation and 
diagnostics
If OSD is suspected, the child should be 
referred for neurosurgical evaluation, 
preferably by a paediatric neurosurgeon, 
and the diagnosis must be made with MRI. 
Spinal ultrasound can be performed up to 
the age of 3 months, but it is unreliable 
as a stand-alone diagnostic tool because 
it is user-dependent and has a high false-
negative rate. Spinal radiographs may reveal a 
defect of the spinous processes, scoliosis and 
hemivertebrae, but are seldom useful on their 
own. Ultrasound of the urogenital system is 
an absolute requirement to detect associated 
renal anomalies and signs of a neurogenic 
bladder.[8] Urodynamic testing should be 
performed on all patients with dysraphism to 
detect more subtle deficits.

MRI is the definitive imaging modality. 
It is non-invasive, non-irradiating and 
can image the whole spine. T1-weighted 
sagittal and axial images best demonstrate 
spinal lipomas and the fat-infiltrated thick 
filum terminale (fatty filum). Special high-
resolution sagittal sequences through the 
lesion assist in planning surgery. The brain 
is routinely imaged also – although findings 
are usually normal, occasionally imaging 
reveals a hindbrain abnormality. Even bony 
anatomy can be seen with sufficient detail to 
negate the need for computed tomography 

a

b
Fig. 4, a and b. Subcutaneous lipoma with a small 
haemangioma.

Fig. 5. Magnetic resonance imaging scan of the 
spine showing an intradural lipoma in the cervical 
region (arrowed). Although the vast majority of 
occult spinal dysraphism lesions are in the lumbar 
and sacral regions, they may occasionally occur in 
the thoracic and cervical spine.

Table 2. Cutaneous stigmata of dysraphism
Subcutaneous lipoma Most common associated lesion. Usually midline above gluteal 

cleft

Hypertrichosis Focal tuft of hair

Atypical dimple In or just off midline, above the gluteal crease and >5 mm in 
diameter. More benign dimples occur in the natal cleft, within 
<2.5 mm from the anus

Vascular naevus Irregular, vascular macule that blanches on pressure, with a 
smooth surface[6]

Cutaneous haemangioma Proliferative vascular lesions that usually regress spontaneously, 
often associated with a lipoma[7] 

Coccygeal pit A sacral dimple, usually within the gluteal crease. When 
present, these lesions should not be probed for evaluation of 
depth. They may also discharge CSF

Skin appendage Occasionally there is a skin appendage, which may be 
surprisingly large

CSF = cerebrospinal fluid.

Fig. 6. Coronal magnetic resonance imaging scan 
of the spine showing scoliosis associated with a 
tethered cord.
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scanning.[9] We usually perform MRI between 3 and 6 months of age 
unless there is a reason to do it sooner. The quality of spinal MRI 
in the first few months of life is often suboptimal, and we generally 
operate at or after 6 months.

Management
Indications for surgery depend on the clinical presentation and the 
underlying pathology. The approach to tethering by an intradural 
lipoma depends on the presence of symptoms.

Management of the asymptomatic patient who presents with 
cutaneous stigmata alone is controversial. Some surgeons advocate 
a conservative approach, reserving surgery for those who develop 
symptoms. However, operating only when symptoms develop may not 
reverse the neurological deficit that has developed. Others advocate 
surgery if there is a complex tethering element, even if the patient 
is asymptomatic, as the likelihood of progression is high. However, 
this decision must be made carefully and in consultation with the 
parents because there is a risk of surgery-induced neurological 
injury. Regardless of the clinical scenario, we therefore recommend 
that all children who have surgery to untether the spinal cord (with 
the exception perhaps of a fatty filum) should have the operation 
performed under intra-operative neurophysiological monitoring 
control, and by a surgeon familiar with the condition. When surgery 
is indicated, we usually operate between the ages of 6 and 9 months 
unless there is progressive deterioration before this time.

For the symptomatic patient, the decision to operate is more 
straightforward.

In patients with split-cord malformations, the cord is usually 
tethered by an osteocartilagenous spur and surgical intervention 
is almost inevitable because symptoms progress over time. 

Lipomyelomeningoceles and myelocystoceles, where the cord usually 
exits the spinal canal dorsally, almost always require surgery.

A thick and/or fatty filum, with or without a low-lying conus 
medullaris, is common in asymptomatic individuals. Often these are 
discovered incidentally. When the patient is symptomatic, sectioning 
is performed. If surgery is not indicated, bladder investigations and 
clinical follow-up are advisable.

Conclusion
Although OSD is less obvious than the open variant, it has a 
significant impact on function and therefore on the lives of both 
patient and family. A high index of suspicion is needed in order to 
avoid a missed diagnosis. If OSD is suspected, the patient should be 
referred to a paediatric neurosurgeon.
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