801 Sensory Plasticity

SENSORY PLASTICITY

You may have the ideathat the visual, auditory and somatosensory systems are static
pathways (i.e., the neural wiring isin place and ssmply doesitsjob). To some extent, thisistrue, but
thereis aso an important dynamic component to sensory systems. Sensory systems exhibit
plasticity, the capacity to make functionally appropriate adjustmentsin neural connection patterns.
Sensory systems are not mature at birth. Considerable modification takes place postnatally. Also,
some reorganization within sensory structures and “rewiring” of neural connections can occur in the
sensory pathwaysin adults. Thisrestructuring is part of normal processes and may also be an
important mechanism for recovery from injury.

A. PLASTICITY DURING DEVELOPMENT

Considerable neural development occurs postnatally in humans, and thisis evident
behaviorally. For example, infants at birth are legally blind by adult visual acuity standards, with
incompletely developed color vision, 3-D stereovision, and eye movement control. By 8 months of
age, vision approaches normal adult levels.

At Birth AL Six Weeks With right eye
occlhuded

R

oo rryherFF oee RRG
et .

Lott visual cortex
layer IV

N o

}
NURES
/o
i. =
) -
)

}
s

9|
o

]
)
:

o W
m»/'
W

Normal development and effects of monocular deprivation in the visual system of the macague monkey.
Cellswithin agiven layer of the LGB areinnervated by asingle eye. A: At birth, the projection from the two
eyesto layer IV of area 17 isintermixed. B: The inputs from the two eyes segregate by six weeks, producing
the alternating strips of ocular dominance columns. C: Without normal visual stimulation in the right eye,
LGB cdlls shrink and cortical representation is substantially reduced. LGB, lateral geniculate body of the

thalamus. L, left. R, right. From Daw (1987).

During infancy, the connections between sensory neurons continue to become established,
refined, and removed. Thisisillustrated nicely by the emergence of normal ocular dominance
columnsin the monkey visual cortex and their disruption by visual deprivation. At birth, input from
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the two eyesisintermixed in layer 4 of visual cortex, the primary layer receiving LGB innervation.
Normally, by six weeks, the input is segregated into alternating, equal-sized columns of input from
each eye. These columns of alternating ocular dominance resemble those in the adult. However, if
the input from one eye is significantly compromised (e.g., by along period of occlusion), then the
cortex becomes dominated by input from the “good” eye, and the representation in the cortex from
the “deprived” eyeisreduced. This haslong-term perceptual consequences, as vision from the
deprived eye may remain poor, even if normal visual input is restored.

Thisisavery clear example of how the sensory connections that become established are
influenced by sensory experience. Sensory pathways that are well used firmly establish their neural
connections within central sensory structures. In contrast, sensory pathways that are little or un-used
can become weakened and lose representation in central sensory structures.

Normal sensory experience is necessary for normal development. Animportant component
in the devel opment of sensory systemsis the concept of a sensitive or critical period. The critical
period is the time during development when neural connections are forming and the system is most
vulnerable to the damaging effects of abnormal sensory input. In the visual system, faulty visual
input, such as from a central cataract or strabismus, if not corrected before the end of the critical
period, can result in permanent visual deficits, including functional blindness. Onceachildis
beyond the critical period, the visual deficit can remain permanent, even if the original source of the
abnormal visual experience is corrected.
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Time course of the sensitive period for susceptibility to visual deprivation in humans.
From Moses and Hart (1987).

The critical period in visual development involves thefirst six years of life, although the first
two or three years are most crucial. The critical period in audition is lesswell defined, but appears
to last longer.
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Obviously, permanent compromise of sensory systemsisnot in an individual’s best interest.
Sensory deprivation can severely impact not only the afferent sensory pathway itself, but other
cognitive functions, aswell. For example, in the auditory system of infants, discrimination of speech
sounds begins within afew hours or days of birth, and much of the perceptual basis for speech has
been laid out by the 12th month after birth. Even a partial hearing loss during the early years of life
can seriously damage speech production and the acquisition of language.

Thus, when sensory deficits are suspected, early intervention is critical to ensure the best
possible outcome. It isvaluable to recognize that vision and hearing assessments can be performed
even in very young children and infants.

Thisisonly meant to be a superficial introduction to the topic of neura plasticity during
development. (Don’'t get bogged down in the experimental details of ocular dominance columns.)
Focus on the fundamental concepts:

e Thatis, the sensory systems are immature at birth.

* Thenormal, postnatal development of our senseory systems depends on normal sensory
experience.

* Sensory deprivation or abnormal sensory experience during the critical period (in early
childhood), if uncorrected, can lead to permanent deficits.

B. PLASTICITY INADULTHOOD
Until comparatively recently it was thought that once sensory nerve pathways were
established, no further restructuring could occur. However, it is now apparent that sensory neural

reorganization can take place in adults under a variety of circumstances.

Reorganization After Peripheral Lesions

Sensory reorganization was first demonstrated in the adult somatosensory cortex following
peripheral nervelesions. It was thought that such alesion would result in a“silent zone” in the
corresponding region of somatosensory cortex, since those previously innervated cortical neurons
would be deprived of their somatosensory input. However, detailed somatotopic mapping of cortical
areas before and after peripheral denervation shows that the * sensory deprived” neurons do not
become silent. Instead, they become responsive to adjacent skin territories with intact peripheral
innervation. The cortical map shifts as adjacent subregions functionally take over and fill in the
denervated zone.
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A: Normal B: Post digit 3 amputation
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Plasticity in cerebral cortical area 3b (in S1) of an adult owl monkey. A: Normal somatotopic map of the
digits of the hand. B: Somatotopic map of the same region shown in part A, obtained two months after the
third digit was amputated. From Merzenich, et al. (1984).

Although extensive reorgani zation has been observed to occur over several months, post
denervation, some of these changes can occur within minutes of the lesion. This plasticity has aso
been reported in VPL, the dorsal column nuclel in the medulla and the dorsal horn in the spinal cord.
Similar results are reported in the visual system.

Reorganization After Central Lesions

Sensory plasticity in the adult has also been observed following lesion in the cerebral cortex.
In this case, the peripheral innervation isintact, but the central nervous system target isnot. The
cortical reorganization shifts so that the somatotopic location that was mapped originally onto the
lesioned cortical region is now mapped adjacent to the lesion. These results suggest one mechanism
for recovery from stroke.

Plasticity With L earning

Finally, an expansion of a particular somatotopic area of the cerebral cortex is also observed
in association with learning. For example, somatotopic reorgani zation was observed in adult
monkeys who were trained on atactile discrimination task involving exclusively the use of a
particular digit. Following the training, the cortical representation of that digit had expanded
significantly.

Clearly, we must not think of the brain as a completely hard-wired series of connections
between neurons. Instead, it isastructure that can adapt to the sensory environment and rearrange to
meet the needs of the body.
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PRACTICE QUESTIONS FOR SENSORY PLASTICITY

1. Which of the following statementsis FAL SE?

A. theterm “sensory plasticity” is used to describe the malleability of sensory-neural connec-
tionsin postnatal development as well as in adulthood

B. the development and refinement of sensory pathways occurs pre- and postnatally

C. normal visual experiencein late childhood is most crucial to the normal development of
central visua structures

D. strabismus (e.g., crossed eyes), if uncorrected until after the critical period, can lead to perma-
nent aberrations in the central visual pathways

E. none of the above

2. Which of the following statementsis FAL SE?

A. during the critical period, the visual system isinvulnerable to the effects of abnormal sensory
input

B. deprivation of normal sensory experience during the first three years of childhood can pro-
duce permanent neural deficits in the adult

C. under normal circumstances, the visual cortex undergoes reorganization in the first year of
life

D. ahearing loss during early childhood can seriously hamper the acquisition of language

E. two of the above

3. Which of the following statementsis FAL SE?

A. peripheral deafferentation can result in reorganization of topographic mapsin adult soma-
tosensory cortex

B. in adults, sensory reorganization may occur following alesion in the cortex, thalamus, or
brainstem

C. sensory plasticity occurs only during the critical period

D. theregion of your brain devoted to the storage of Neuro facts has increased so much in the
past few months that it has now taken over adjacent regions previously devoted to extracur-
ricular activities, Histology, and Gross

E. none of the above
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SENSORY PLASTICITY PRACTICE QUESTIONS: ANSWERS
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PREPARATION FOR QUIZ 8

Go to WEB-CT and do the Practice Questions for Quiz #8. This should be a pretty good test of your
knowledge of the Auditory System. Work hard on those on-line quizzes so as to estimate your
command of theinformation. Read the new www sites regarding M enieres’ Disease and Benign
Paroxysmal Positional Vertigo. . Don't forget past www reading Parkinson’s, Tour ette Syn-
drome, Deep Brain Stimulation, 1sOur Inverted Retina Really Bad Design? And Diabetic
Retinopathy. Watch the review CD-ROM; play it Thursday night as part of your poker party. Look
over “old stuff” cases: 1) muscular dystrophy, 2) myasthenia gravis, 3) Guillain-Barre, 4) S1
radiculopathy, 5) amyotrophic lateral sclerosis (ALS), 6) Brown Sequard syndrome (spinal cord
hemisection), 7) facia colliculus-vestibulo-cochlear, 8) lateral medullary (Wallenberg's) syndrome,
9) acoustic neuroma, 10) Weber Syndrome, 11) syringomyeliaand 12) subacute combined systems
disease. Befamiliar with the cases (one Huntington’s and one Parkinson’s) in the practice questions
following “Basal Ganglia.” Finaly, look over the “ Auditory power point for quiz #8.



