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This is a case report of a child with double neural tube defect
(NTD) comprising a parietal encephalocoele and an open
thoracic myelomeningocoele. The authors use this case to
endorse the multi-site neural tube closure theory as aetiology
for all multiple NTDs. Proponents of this theory claim that
neural tube defects occur at “collision sites” of neural tube
closure with opposing closure directions, and because up to
five or six of these waves are thought to be operational, there
are, accordingly, multiple collision sites. The multi-site
closure theory was used originally to explain the different
favoured locations of encephalcoeles, and as such, the theory
is seductive. At collision sites, the overlying myocutaneous
tissues may be potentially weaker and, therefore, susceptible
to being stretched but not disrupted by a focal herniation of the
alar plates of the already closed cranial neural tube and
surrounding meninges. The disorganised gyral development
and cortical dysplasia of the herniated brain may be
secondary to early tissue distortion. The overlying skin and
meninges are intact.

Spinal open neural tube defects (ONTD) are due to focal
absence of neural plate closure, as shown in numerous,
very credible animal experiments. The skin, muscles, neural
arches and dura are wide open, and the exposed neural
material is an unfused neural plate. This true “closure
lesion” is thus fundamentally different from a “collision
lesion” exemplified by the encephalocoele.

Most spinal ONTDs are terminal lesions involving the
end of the primary neural tube, but there are rare examples of

segmental lesions in which the “suspended” open neural
placode is flanked by normal spinal cord both rostrally and
caudally. The incomplete neural plate closure occurs in a
square-pulse fashion followed by resumption of normal
closure. Three percent of ONTDs in our unit are segmental
placodes. Most hemi-myelomeningocoeles associated with
split cord malformation (SCM) are segmental lesions.
Limited dorsal myeloschisis (LDM), though not technically
“open”, is a segmental neural tube closure abnormality, as is
dorsal lipoma, a lesion of segmental premature disjunction.

If there can be one segmental closure failure, why not
two or even three square pulse insults, separated in time,
causing in tandem closure lesions resulting in either two
segmental ONTDs or one segmental and one terminal
ONTD? Other multiple neural tube closure abnormalities,
though rare, have been reported, such as double LDMs,
double dorsal lipomas and double dermal sinus tracts. Even
double SCMs caused by multi-focal gastrulation defects with
multiple endomeschymal tracts are well known in the
literature. Thus, multiple spinal ONTDs can conceivably
occur without invoking the multiple closure-wave theory,
which, in the spinal cord will produce a very different lesion.

It is not known why there should be abrupt recovery
of normal neural tube closure after the square pulse
insult. There could conceivably be transient presence of
a teratogenic impulse that disturbs certain downstream
transcription factors, without a fixed genomic mutation
that would perpetuate the developmental error. It is thus
the timing of the next transient insult that determines the
location of the second neural tube defect, rather than the
activities of the colliding zippers.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

D. Pang
Paediatric Neurosurgery, University of California,
Davis, CA, USA

D. Pang (*)
Regional Centre for Paediatric Neurosurgery,
Kaiser Permanente Hospitals,
Oakland, CA, USA
e-mail: pangtv@aol.com

Childs Nerv Syst (2010) 26:703
DOI 10.1007/s00381-010-1095-0


	Commentary to the paper double neural tube defect: a case report and discussions on neural tube development by V. Ravindran


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice




