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Synonyms

Plasticity

Definition

The natural redevelopment of or improvement in
function following insult or injury to the nervous
system.

Current Knowledge

Spontaneous recovery generally occurs following
acute, nonprogressive, neurological insults such
as strokes (either hemorrhagic or occlusive),
closed head trauma, tumor resection, and anoxia.
The mechanisms underlying behavioral or func-
tional improvements depend, in large part, on the
nature of the original pathology.

The many theories about how the brain
recovers from such insults may be thought of as
falling into one of two broad categories, for exam-
ple, those that attempt to explain either acute
(short-term) or long-range recovery. Some

common mechanisms associated with acute
recovery likely involve edema and other forms
of increased pressure causing temporary suppres-
sion of function. Edema can result from a break-
down of intracellular processes or cytotoxic
edema (as is common in infarcts), a disruption of
the blood-brain barrier or vasogenic edema (as
often occurs in brain tumors and traumatic brain
injuries), or as a result of disruption of CSF circu-
lation (interstitial edema). Pressure can also be
exerted on brain structures by the accumulation
of blood, either directly inside brain tissue or
simply within the cranial cavity as a result of
hemorrhagic lesions. Such lesions may be pri-
mary, as might result from hypertension, or sec-
ondary, as seen in closed head injury (e.g.,
subdural or intraparenchymal hematomas).
Whether as a result of edema, hemorrhage or
brain tumor, the resulting pressure on brain tissue,
either local or generalized, can disrupt normal
neuronal function. While extensive increased
intracranial pressure can be fatal, in nonfatal
cases it resolves over time, resulting in at least
partial restoration of function. In addition to
exerting local pressure on brain tissue,
intraparenchymal blood has a toxic effect on neu-
rons themselves until reabsorbed.

Immediately following an injury to the brain,
acute changes in metabolic functions and a dis-
ruption of neurochemical processes can contribute
to behavioral disturbances. In addition to a distur-
bance of normal neurochemical pathways, an
excess release of glutamate can lead to increases
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in intracellular calcium and production of oxygen
free radicals, all of which can contribute to
excitotoxicity and subsequent cell death. The
eventual stabilization of these processes can also
provide a basis for recovery.

Another example of short-term spontaneous
recovery is that provided by transient ischemic
attacks (TIAs) where return of function is thought
to result from spontaneous resolution (in whole or
in part) of circulation to the affected brain area.
While perhaps not strictly constituting “spontane-
ous recovery,” similar effects can often follow the
prompt administration of thrombolytic drugs fol-
lowing ischemic strokes.

Functional recovery can continue for days or
weeks, possibly for years. The mechanisms
behind these long-term changes are less well stud-
ied. In the case of strokes, anoxia, or other types of
brain injury, it is suspected that different levels of
damage may occur. For example, at the nidus of
an infarction, there may be a total loss of blood
supply (e.g., glucose and oxygen) to the neurons
resulting cell death, eliminating all possible
recovery utilizing those cells. However, surround-
ing the area of total infarction, an incomplete loss
of circulation may result in cells that are rendered
temporarily dysfunctional. This region is often
referred to as the ischemic penumbra and the
phenomenon as the “idling neuron hypothesis.”

Another theory behind long-term recovery is
that over time some revascularization occurs that
enables damaged neurons to function more effi-
ciently. The concept of “dendritic sprouting” and
the resulting establishment of new synaptic con-
nections that has been offered to explain recovery
in such damaged areas, although new, long axonal
connections are not thought to develop.

The practices of rehabilitation medicine and
cognitive rehabilitation appear to be largely
based on other premises. It is believed that, fol-
lowing damage to a portion of the brain, at least
two things might happen. The first is that other
areas of the brain may assume the function (s) of
the damaged cortex or that new neuronal path-
ways are recruited to carry out a particular func-
tion. The consequences of early loss of language
or sight appear to support this idea. When lan-
guage is lost as a result of childhood brain injury,

the recovery or reemergence of language skills is
usually much better than when such loss occurs
later in life. Similarly, individuals who lose their
sight appear to develop enhanced acuity of other
sensory modalities, allowing them, for example,
to become proficient in Braille. Such recoveries or
enhanced proficiencies are attributed to a phe-
nomenon known as neuroplasticity.

A second premise behind rehabilitation pro-
grams is that the patient learns new techniques,
strategies, or other compensatory mechanisms to
carry out functions impaired by the brain lesion.
While these latter two mechanisms of recovery
likely occur spontaneously, repeated, facilitated,
or guided practice may be useful.

Cross-References

▶Diaschisis
▶ Ischemic Penumbra
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