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WHAT DID THE AUTHORS STUDY? Dr. Duggal
and his coauthors1 studied changes in the size of areas
in the brain controlling motor and sensory function
in patients whose spinal cords were compressed—or
squeezed—in the neck. This compression was caused
by deterioration in the vertebra and discs. Normally,
the motor control areas of the brain send signals
down the spinal cord to the muscles in the body, and
sensory nerve impulses are conducted up the spinal
cord into the brain. The authors used a technique
called fMRI (see explanation below) to see how the
brain might respond if some of the signals were
blocked in the spinal cord. The changes in brain
function in these patients should be easy to study
because there is no direct damage to the brain. Thus
any changes should all be due to effect on the spinal
cord pathways.

WHAT DID THE AUTHORS FIND? In patients
with spinal cord compression, the motor control area
in the brain was larger than usual and the sensory
control area was smaller than normal. One explana-
tion for this is that more of the brain is needed to
make up for the decreased motor nerve conduction
in the spinal cord. This is a form of “plasticity,” or
the ability of the brain to change in response to new

demands (see “About Plasticity” page). The smaller
sensory area could be explained by the fact that
movement is required to activate sensory impulses in
an fMRI study. Since there was less movement due to
weakness, sensory activation would be lessened and
thus the brain area would be smaller.

Surprisingly, once these same patients had surgery
on their necks to relieve the compression, the en-
larged motor control area became even larger. The
reason for this is a mystery. However, it may be that
the larger areas of activation in the brain are required
for relearning how to use the weakened muscles. The
amount of the brain necessary to learn a new task,
like a new language, is at first quite large. After prac-
tice, it becomes smaller. The authors also found that
the sensory control area also enlarged back to normal
size after surgery.

WHAT DO THESE RESULTS MEAN FOR PA-
TIENTS? These results show “plasticity” in motor and
sensory control areas. As usual, the results raise new
questions. How does this happen? How can these
changes be harnessed to promote better function in pa-
tients who have suffered strokes or brain injury? As
these questions are answered, the day when plasticity is
used to treat human disability draws nearer.
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WHAT IS PLASTICITY? The term plasticity de-
scribes the various ways in which the nervous system
can change its function as a result of training, or in
response to injury.2 An example is the steady im-
provement in skill with a task over about 4 weeks of
daily practice. Those who brush their teeth using a
side-to-side motion, for instance, will initially feel
clumsy with an up-and-down or a circular motion.
After practice, the new motion seems natural. This
learning is due to rearrangement of how the brain
handles its functions. Part of the improvement expe-
rienced by a patient following a stroke is similar.
These are examples of plasticity.

HOW DOES PLASTICITY OCCUR? Plasticity can
occur in many ways. There can be increased activity
of the nerve cells that are already assigned to the task.
New contacts can develop between nerve cells that
are close to each other. Nerve cells from another part
of the brain but with a similar function can be re-
cruited to help.

WHY IS PLASTICITY IMPORTANT? Plasticity is
one of the most fascinating mysteries of the human
central nervous system. The brain was once thought
to develop and then never change. But now many
types of changes are known to occur, including the
birth of new brain cells and the steady loss of brain
cells in adulthood. Plasticity is another type of
change that occurs in the adult brain. Plasticity
means that people can start running marathons at 50

years of age, go back to school or learn a new job, or
recover brain and bodily function after a stroke or
spinal cord injury.

HOW IS PLASTICITY MEASURED? Changes in
neurologic function due to plasticity can be mea-
sured by a neurologist in the clinic. These are stan-
dardized tests that result in a numerical score (for
physical strength, for instance) that measure the
changes. Recently, some new tests allow changes in
function to be found in other ways. The following
three tests are used the most:

• Functional MRI (see below)
• Magnetoencephalography, a specialized way of

measuring subtle changes in brain electrical activ-
ity with electrodes placed on the scalp

• Transcranial magnetic stimulation, in which a
small electrical shock is administered to the brain
to slow down or start function

Functional MRI (fMRI) techniques can measure
levels of “metabolic activity” in specific areas within the
brain. Metabolic activity is the reaction between the
chemicals and pathways in our bodies that help us live.
This kind of measurement is possible because the
oxygen-carrying molecule in blood, called hemoglobin,
produces a different signal on MRI scans depending on
whether or not it is bound to oxygen. In the motor area
of the brain, there is a high level of metabolic activity
during movement. For example, there is a lot of activity
in the motor control area during finger tapping and the

Figure Motor control areas in the right precentral gyrus activated during finger tapping with the left hand

From Duggal et al.1
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oxygen concentration falls. This is followed by an in-
crease in blood flow and an increase in oxygen in the
tissue. fMRI can detect these changes, and thus can pro-
vide an actual picture of plasticity (figure) as the func-
tional areas change in size.1
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