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Transdural Spinal Cord Herniation: Acquired or Developmental?

In this issue of the American Journal of Neuroradi-
ology, Watters et al (page 1337) and Dix et al (page
1345) beautifully illustrate a highly unusual condition
in two patients presenting with progressive myelopa-
thy in whom apparent spontaneous herniation of the
spinal cord through the ventral dura mater of the
thoracic spine was found. Both cases were treated
successfully by surgery, and the patients improved
clinically. One cannot help but be intrigued by a
number of issues these cases raise, especially when
exploring the underlying cause for this dural defect
and the subsequent spinal cord dysfunction associ-
ated with it.

In one of the patients described by Watters (Case
1) and in the case report by Dix, a congenital or
developmental defect in the dura (as opposed to an
acquired dural tear resulting from surgery or spine
trauma as was the situation in four of Watters’ five
cases) is the probable cause of the cord herniation.
There is no indication in either patient history that
there had been significant trauma or a previous op-
eration, nor were there imaging findings suggestive of
prior injury or surgery. Nonetheless, an occult injury
in the distant past resulting in a dural tear remains a
remote possibility.

If it is accepted that cord herniation and, in Dix’s
case, leakage of CSF forms an extradural cyst through
an attenuated or gradual widening dural defect, the
question remains, why is this seen almost exclusively
in ventral dura of the thoracic spine? It is probably
unrealistic to accept the proposal some have sug-
gested that a prior intradural disc herniation caused a
dural defect through which the cord herniated. With
such a mechanism, one would expect to find not only
an intradural disc fragment but a higher incidence of

cord herniation in the cervical area where disc her-
niations are more common. In the absence of such
findings, another explanation is needed. Some have
proposed that a posteriorly located arachnoid cyst
pushes on the cord and over time causes the cord
itself to erode the dura. In the cases presented here,
however, no such intradural arachnoid cyst was found
by imaging or at surgery. The close approximation of
the anterior surface cord to the normal curvature of
the thoracic spine alone does not provide us with a
good explanation of why a dural defect is present in
this area.

It is reasonable to believe that cord herniation of
and by itself would not cause a myelopathy. Vascular
compromise, adhesions, or a focal compression of the
cord provide the probable explanation of the myelop-
athy in these two patients. In fact one could even
suggest that in Figure 1F (page 1346) in Dix’s article,
an area of high signal in the left side of the cord might
be the MR correlate of the cord dysfunction, corre-
sponding to the patient’s Brown-Séquard syndrome.

While these cases and others like it leave many of
the above-mentioned issues unanswered, the images
do serve to increase our awareness of this treatable
condition. One wonders how many patients with a
progressive or a static myelopathy there might be who
have been variously diagnosed as having a cord atro-
phy or intradural adhesions but who in fact have this
entity of spinal cord herniation. High detail MR im-
aging and widespread recognition of this abnormality
may help numerous patients who otherwise may go
untreated.

ROBERT M. QUENCER, Editor-in-Chief

When Seeing Double Is Not Always Bad

Although MR has greatly enhanced the study of
human brain development, there is still much to
learn. Significant questions remain concerning ge-
netic and environmental influences on brain develop-
ment. While we fully acknowledge the contributions
of genetic make-up on the anatomic development of
the brain, we are less certain about the extent of
environmental influences. If we accept that structure
and function depend on one another, then a more
systematic evaluation may reveal clues about the dy-
namic interplay between genetic and environmental
influences and how both affect brain function. It is
well known, for example, that structural hemispheric
asymmetry exists in the brain, and hemispheric dom-
inance depends on whether the subject is left- or
right-handed. What is not known is the extent to
which genetic predisposition versus environmental
stimulation influences this asymmetry. We often think

of the surface of the brain as a neurologic “finger-
print,” though we are only beginning to understand
that variations in the gyral pattern may reflect not
only our genealogy but our life’s experiences as well.

As with any experiment, the ability to sort differ-
ences depends on the investigator’s control of the
variables that might exist in a study population. In
order to evaluate questions related to form and func-
tion, one must control either the genetic or environ-
mental influences within the model. Such a model
readily exists in nature in the form of monozygotic
twins. By definition, monozygotic twins develop from
a single fertilized ovum, and thus share identical ge-
netic structures. Application of this model may prove
useful in sorting genetic similarities from environ-
mental differences that could potentially affect brain
development.

In the current issue of the American Journal of
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Neuroradiology, Biondi et al (page 1361) take advan-
tage of the genetic symmetry of monozygotic twins
to explore genetic similarities and environmental dif-
ferences that influence brain development through
the use of advanced MR. Six observers evaluated
cerebral cortical surface anatomy and midline callosal
morphology by 3-D surface reconstruction and quan-
titative morphometry, respectively, in seven pairs of
monozygotic twins aged 19–47 years. The purpose of
this comparison was to determine if observers could
match each twin correctly with his or her monozygotic
sibling by observing cortical reconstructed images
portraying surface gyral anatomy. Similarities in gyral
patterns suggest that these patterns are determined
more by genetic than by environmental influences.
Conversely, differences would suggest a greater role
for the environment in shaping both anatomy and
brain function. Their results revealed significant vari-
ations in secondary and tertiary surface gyral anat-
omy, which did not, however, prevent observers from
correctly matching the twin pairs in the overwhelming
majority of cases. In addition, a significant correlation
also existed in the midline measurements for the
volume of the corpus callosum between related sib-
lings. What the investigators were able to conclude
was that both genetic and environmental factors in-
fluence and direct brain development. If we assume a
relationship exists between structure and function,
their results also imply a similar, mutual role for both
influences in shaping brain function as well. They also
revealed statistically similar relationships of callosal
volumes between twin pairs indicative of genetic sim-
ilarities in brain weight for the related siblings. Dif-
ferences in the surface gyral pattern may be explained
in part by environmental influences; however, genetic
influences clearly play a role in shaping overall brain
structure. Similarities were so apparent that observers
had little or no trouble matching each of the twin
pairs despite differences that existed in their second-
ary and tertiary gyral patterns.

Their results raise significant questions about what
effect learning and the environment may have on the
development of the brain. We should never underes-
timate these influences and the role they play in
overall learning, experience, and development. These
questions are especially pertinent in the first decade
of brain development where plasticity of the brain is
at its peak. As the brain rapidly matures in the first
years of life, environmental influences may impact
eventual outcome most. Perhaps the brain is more
like a computer than we would like to admit. The
more information incorporated into the central pro-
cessing unit, the greater the change in the appearance
of the interface. The more information we pump into
the neural circuitry of the brain as it develops, the
greater the effect on and change in our behavior. This

prospect alone is enough to make us wake up and
take notice of our environment and its potential in-
fluence on the developing brain. Greenough et al
attributed environmental effect on behavior to two
forms of plasticity (1). The first they referred to as
experience-expectant, the collective experiences of the
human species. These are common influences to us
all, and shape common behavior. The second they
referred to as experience-dependent, the incorporation
of information unique to the individual. Dependent
influences of the environment might be expected to
account for structural differences between individu-
als. In Biondi et al’s current work, much of the mor-
phologic effect seen in the plasticity of the brain
appears to relate more to experience-dependent plas-
ticity. When the entire process of learning is taken
into consideration, it becomes obvious why the entire
gyral system of our brain evolved to best receive, store
and assimilate massive amounts of information.
While gross anatomic changes may be evident, ultra-
structural changes may also be influenced by changes
in the environment. Withdrawal of environmental in-
fluences through sensory deprivation in animal mod-
els reveals a direct effect on synaptic development
and neuronal function. While our genetic composi-
tion may be responsible for our capacity to learn, it is
ultimately the environment that is responsible for the
experience of learning.

All this science leads us to one conclusion: we
cannot escape our environment or its effect. No, this
is not another essay influenced by or expounding on
the teachings of Dr. Spock; however, the results of
Biondi et al’s study do give reason to pause and
contemplate the quality of our surrounding environ-
ment and any effect it may have on the developing
brain. Finally, such evidence for the power of the
environmental influence on brain structure should
remind us not to underestimate the potential for
rehabilitation of the brain, programmed environmen-
tal stimulation, to maximize genetic potential. This
study does fall short of answering what effect, if any,
our environment has on cognitive development, de-
spite the unquestionable link it may have on anatomic
development. Our colleagues in child psychology will
be quick to remind us, however, that they have rec-
ognized this link for many years. Until the day all such
questions are definitively answered, perhaps we
should pay as much attention to where and how we
live as to our origins.

WILLIAM S. BALL JR, Senior Editor
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