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FOREWORD

On October 29, 1988 the National Deafness and Other Communication Disorders
Act of 1989 became Public Law 100453 (Appendix A) establishing the National
Institute cus Deafness and Other Communication Disorders (NIDCD) within the
Nudonal Institutes of Health (NIII). The law required that the Director, NIDCD,
establish a Natignial Deafness and Other Communication Disorders Program and
prepare a plan to bdtiate, expand, intensify and coordinate institute activities
concerning disorders of headed, balance, smell, taste, voice, speech and language.

In response to this masaJate, in January 1989 a Task Force of scientific experts
representing the seven program areas of the Institute prepared the first National
Strategic Research Plan which has guided the Institute in its research activities over
the last two years. The National Strategic Research Plan is also intended toinform
the Nation's scientists of areas of oppmiunity for research and to provkll thou with
guidance as they formulate their own research plans. The plan informs persons with
communication disorders and their support organisations of past research
accomplishments and potential future activities. In addition, the plan is intended to
inform members al Congress of research progress and fUture research opportunities
in scientific areas within the purview of the NIDCD.

P.L. 100453 requires the National De 3fness and Other Communication
Disorders Advisory Board to review, evaluate and update the plan periodically to
assure its continuing relevance. To meet this legislative mandate, the National
Advisory Board in the spring of 1990 decided that it would update two ofthe six
sections of the Plan every year thus updating the entire plan within a three-year
period. The two sections the National Advisory Board selected to update in 1991 were
Balance and the Vestibular System and Language and Language Impairments. The
National Advisory Board established subcommittees for these two areas which met
and made recommendations for panel members to update the Balanceand the
Vestibular System and Language and Language Impairment sections of the plan,
compared tin research portfolio of the Institute to the National Strategic Research
Plan, identified changes in the field since the plan was developed, recommended
levels and areas of research activity and suggested potential initiatives. On January
28-29, 1991 panels of scientific experts in the areas of balance and the vestibular
system and language and language impairment were convened . (Members of the
panels are listed in Appendix B.) The results of these meetings are contained in this
report.

Members of the panels are due special thanks for giving generously of their
talents and time in seeing this document through to completion. Their meetings on

III
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FOREWORD

January 28 and 29, 1991 brought together representatives of a broad array of
scientific disciplines within the areas of balance and the vestibuhtr system and
language and language impairments. Members of the panels sharid their diverse
ideas and worked diligently to achieve consensus on a comprekpisive view of each
field and a vision for the future. Subsequently, panel members refined their efforts
with numerous revised texts.

Dr. Horst R. Kenrad and Dr. Barry W. Peterson, Cochairpersons of the Balance
and the Vestibular System Panel, and Dr. Rita S. Berndt and Dr. Laurence B.
Leonard, Cochairpersons of the Language and Language Impairment Panel, should
be singled out for special appreciation. This update to the National Strategic
Research Plan is very much a product of their experience, expertise and guidance.
Joined by their fellow panel members, they have formulated a plan for future
research in two important scientific areas of the NIDCD.

James B. Snow, Jr., M.D.
Director
National Institute on Deafhess and

Other Communication Disorders
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PREFACE

The National Strategic Research Plan of the National Institute mi Dealltess and
Other Communication Disorders (NIDCD) was prepared in April 1989 and presented
the research recommendations of more than 100 eminent scientists in the seven
program areas of the NIDCD. These areas arehearing, balance, smell, taste, voice,
speech and language. This report contains an update of the balanceand the
vestibular system and language and language impairments sections of the 1110 plan.

Although disorders of balance and language affect different populations, both
have a dramatic impact on the ability of people to live full and productive lives. The
vestibular system maintains balance and posture, regulates locomotion and other
volitional movements and provides a conscious awareness oforientation in space and
a visual fixation in motion. Disease, aging, exposure to unusual motion or altered
gravitational environments can impair balance. A nudor consequenceof vondbular
disturbance is diminished capability and desire for purposeful activity. A better
understanding of the normal function, development and aging of the vestibular
system and the disorders which affect it would improvenational health and reduce
future health care costs.

Language is the uniquely human means of communication through which
knowledge, belief and behavior can be explained and shared. The ability to
manipulate language to satisfy needs and desires and to express thoughts,
observations and values Is an important human pursuit that directly influences the
quality of life for any individual. Language impairments impede economic self-
sufficiency, academic performance and employment opportunities. In addition to loss
of livelihood, these disorders impose social isolation and personal suffering on the
affected individuals and place an enormous emotional and economic burden on their
families and on society as a whole.

Language and balance disorders have long been recognised but their causes
have not been well understood. Currdnt advances in scientific knowledge and
technology now make it possible to make unprecedented progress in these long
neglected probliems.



PREFACE

This update of the balance and vestibular system and language and language
impairment sections of the National Strategic Research Plan has provided an
opportunity to evaluate the progress that has been made In these areas during the
first few years of the Institute and to assess future needs and opportunities. The
recommendations presented here are expected to lead to exciting advances in our
scientific knowledge and improve the qualiq of life for many people.

Horst R. Konrad, M.D.
Barry W. Peterson, Ph.D.
Cochairpersons, Balance and

the Vestibular System Panel

Rita Sloan Berndt, Ph.D.
Laurence B. Leonard, Ph.D.
Cochairpersons Language and

Language Impairments Panel

National Institute on Deafness and
Other Communication Disorders
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Balance and the
Vestibular System

Over DO million Americans have
experienced dizziness or a balance
problem. The cost of medical care for
patients with balance disorders exceeds
one billion dollars per year. Balance
disrmders increase in frequency in the
older age groups and by age 75 years
become the most common reason for
seeking help from physicians. Over 50%
aelderly patients interviewed at home
complain of balance disorders. When one
adds the cost of injury caused by
imbalance and the lives and aircraft lost
by the armed services due to balance.
related disorientation, the cost becomes
truly staggering. Since our population is
aging, more Americans will suffer from
balsam. ..isorders in the future. A better
understanding of the normal function,
development and aging of this system and
the disorders which affect it would
certainly improve national health :aid
reduce future health care costs. The need
to understand motion sickness and
orientation in high technology aircraft
and altered gravity environments is also
pressing. Our nation increasingly relies
on such aircraft for national defense and

12
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has reaffirmed major space exploration
as a national goal.

The primary receptors of the
vestibular system are located in the inner
ear and the system is required for the
sense of orientation in space, for
maintaining balance and posture, for
regulating locomotion and fine motor
control and for the ability of a person to
fix in view and follow an object when the
object or the person is in motion. The
brain also integrates information from
the vestibular detectors and their contra:
connections with information from the
eyes, skin, muscles and joints to create
perception of body orientation and of
motion of the body with respect to space.
Because the system has many
components, there are many symptoms
that reflect its malfunction.

A current view of the vestibular
system is that the vestibular receptor
organs "process" the for :es associated
with head acceleration and changes in
head position relative to gravity. Neryes
going to brain control centen are excited,
and the brain uses these signals to
develop a sense of orientation and to
activate automatically the muscles that
subserve movement of the eyes.
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locomotion and posture. Many of the
vestibular pathways in the central
nervous spite= are organized into reflex
pathways that serve to stabilize and
coordinate movements of the eyes, head
and body. These processes are
collectively refaved to as the vestibular
reflex systems. One such reflex, the
vestibulo-ocular reflex, causes the eyes to
move in reaction to head motion.

Orientation I. a complex function
that allows a person to know the
relationship of parts of the body to the
environment in a dynamic and reciprocal
interaction. Maintaining orientation and
balance requires the integration of
information from many sources,
esPeedelly the eel% eyes, skin, muscles
and joints, and transforming these signals
into coordinated patterns ot muscle
activity. Because Vestibular signals
interact with all the major sensory
systems and involve major brain centers,
a large number of disease processes can
impair balance.

Motion sickness can occur with
exposure to conflicting orientation cues,
perceptions of space and motion signals.
A high incidence of motion sickness
occurs in pilots being trained in
stationary flight simulators. Trainees
learn behavioral responses to prevent the
development of motion sickness. Space
motion sickness, which affects a large
number of astronauts, is a midor
unsolved problem for space travel.

6

During the past decade, new
protocols and computer-based
techniques have been developed that can
help in the evaluation of gaze and balance
disorders. Vestibular reflexes, posture
and the interactions of different sensory
inputs to the central nervous system can
be measured preedsely. Among the most
remarkable properties of the vestibular
and balance control systems are their
ability to maintain useful functioning
responses to many novel motion
environments and their ability to adapt to
abnormal function in one or more of their
components. Recent accomplishments
include a recognition of the essential role
of adaptive plasticity in the normal
function of the vestibular system,
development of improved mathematical
models of vestibular reflexes and an
anatomical description of the basic
circuitry in the brain stem subserving the
vestibular-ocular reflexes. Important
advances have also been made in
understanding the structure and function
of the vestibular receptor organs and the
way in which their activity is modulated
by efferent signals originating in the
brain. Work is now beginning to
determine the neurotransmitters utilised
by neural circuits in the vestibular
system, to define the changes that occur
in this system during development and
aging and to devise efficient techniques
for rehabilitating patients with vestibular
dysfunction.

Advances in diagnosis include
computer-based technology to identify,
quantify and locate the source of balance

3
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dysfunction. The National Research
Council recently suggested methods for
standardization of testing, test
interpretation and technician training.
Ongang improvement in magnetic
rasunance imaging provides for detection
of smaller, more operable neoplasms and
the detectfon of several degenerative
brain disorders including cerebral
atherosclerosis, multiple sclerosis and
spinocerebellar disorders. These
developments have been complemented
by the ability of dynamic computed
tomography to measure blood Row in
various parts ef the brain. Such
techniques result in early diagnosis and
improve the outcome of surgery. They
also allow us to evaluate better the
progression of disease, design clinical
research programs and evaluate the
effects of treatment. Some autammune
disorders and ataxic syndromes can now
be diagnosed and treated with
medication based on a better
understanding of immune mechanisms
and the role of brain transmitters. There
are recent improvements in our
understanding of the association between
balance symptoms and the social,
psychological and psychiatric disorders
which frequemtly accompany them. This
understanding allows us to manage these
patients in a comprehensive fashion
rather than to focus on isolated balance
disorders.

Major Basic Scientific
Opportunities

There are five broad, highpriority
areas for basic vestibular research:
signal transduction by vesdbular end-
organig reflex control of posture and
gang sensory integration in spatial
orientation, perception and motion
sichnew adaptive changes in vesdbuiar
function; and development and aging of
the vestibular system. Within each area,
opportunities exist for research at the
levels cot behavior, kinesiology and
biophysics; anatomy and physiology;
cellular properties, biophysics and
metabolism; pharmacology, molecular
biolcvy and genetics; and mathematical
and computer modeling. These
opportunities can be summarized as
follow=

Signal Transduction by Vestibular
End-Organs

Important goals are to understand
how vestibit lar end-organs con yen head
movements into neural signals and to
determine the way in which this
conversion is modulated by efferent
projections from the brain to the end-
organs. Research is needed to:

o Descrilm the motions of the cupulae
and otolithic membranes in
response to head movements and
examine the possible role of hair
cell motility in modifying these
motions.

o Determine the distribution and
organization of otolithic organ and
semicircular canal input! to
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vestibular nuclei and cerebellum
and elucidate the ffinction of the
vestibular efferent system in
behaving animals through
anatomic and physiologic research.

o Characterize the biophysical
properties of hair cells and afferent
fiber terminals. This research
should include studies of the hair
cell transduction channel, the
basolateral currents within hair
cells and the efferent actions on
both hair cells and afferent nerve
terminals.

o Conduct molecular biological
studies which isolate and
characterize the molecular
compoments of the transduction
channel and associated regulatory
proteins.

o Identify neurotransmitters which
mediate peripheral vestibular
function .

o Investigate metabolic requirements
of the sensory organs and neurons
in the inner ear and the
mechanisms of production of inner-
ear fluids and transduction
elements (cristae and maculae).

o Develop dynamic models that
predict and explain patterns of
afferent fiber activation on the
basis of anatomical and biophysical
properties of end-organs.

8

Reflex Control of Posture and Gaze

The goal is to understand the
structure and function of neural circuits
that transform vestibular sensory input
into the motor output required for control
of posture, locomotion, fine motor
activities and gaze. Research is needed
to:

o Characterize the behavioral
strategies and neural mechanisms
used to determine posture and gaze
during active and passive motion
and during combinations of linear
and angular acceleration in three-
dimensions. Studies are also
needed to define the effect of
exposure to altered gravito-inertial
fields on vestibular reflexes and
their potential clinical
consequences.

o Characterize the anatomic and
physiologic properties of neuronal
pathways that constitute the
vestibular system in animal models
and normal humans . It is
especially important to identif),
pathways involved in vestibular
reflex control of neck, axial and
limb muscles and to determine the
signals they carry. Emphasis
should also be given to
understanding the neural
substrates of otolithic organ
reflexes ane postural stabilization.

o Correlate structure and
cytochemistry of neurons in

15
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different vestibular circuits with
their response characteristics.

Characterize the biophysical,
molecular and pharmacological
properties of specific groups of
relay neurons in postural and gaze
reflex pathways.

o Develop multidimensional models
that explore the neural basis of
dynamic and spatial
transformations in vestibular
reflexes.

Sensory intration in Spatial
Orientation, Perception and Motion
Skkness

Understanding of the vestibular
system requires knowledge of Low
vestibular signals interact with
information from other senses to generate
perceptions, movements and motion
sickness. Research is needed trx

o Describe sensorimotor and
perceptual reactions to complex
combinations of linear and angular
accelerations and determine how
vestibular, visual and
proprioceptive inputs interact to
generate perceptions of space and
body motion.

o Conduct anatomic and physiologic
research to characterize the neural
mechanisms that combine otolithic
organ, semicircular canal, visual
and somatosensory information to

generate perceptual and postural
responses and that generate motion
sickness.

o Characterize the neural and
humoral mechanisms associated
with motion sickness and vertigo at
the cellular and molecular levels.

o Develop models that incorporate
and test the understanding of the
neural basis of postural and gaze
control during active and passive
motion.

Adaptive Changes in Vestibular
Function

Studies of vestibular adaptation
can both reveal basic principles of motor
learning and lead to strategies for
enhancing recovery from vestibular
lesions. Research is needed ta

o Determine at the behavioral level,
both the extent to which the
adaptive system can compensate
for vestibular dysfunction and the
sensory cues that are important in
producing this compensation.
Adaptive changes in both rapid and
slow components of the VOR and in
postural reflexes should be studied.

o Conduct anatomic and physiologic
research to determine where in the
brain stem and cerebellum the
neural changes responsible for
adaptive alteration of vestibular
reflexes occur and how these

I 9
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changes lead to the observed
alterations in behavior.

o Characterize the biophysical
changes that occur at various
neural sites during the adaptive
process.

o Analyze the pharmacologic
molecular bases of adaptive
changes and the way in which they
depend on expression of molecular
mechanisms such as proto-
oncogenes, second messengers or
humors! factors.

o Develop models that account for
adaptive changes at both the
biophysical and neural circuit
levels.

Development and Aging of the
Vestibular System

Knowledge in this area will both
help us deal with developmental
disorders and age-related declines in
vestibular function and also contribute to
basic understanding of vestibular
mechanisms. Research is needed tot

o Characterize at the behavioral level
the progression of perceptual and
reflex function during development
and aging.

o Conduct anatomic and physiologic
research to determine the

10

mechanism(s) underlying
development of central vestibular
pathways, their relation to
developmentofperipheral end-
organs and the ontogenetic
sequences of connectivity between
vestibular neurons and motor and
higher sensory centers in the brain.

o Study how membrane and synaptic
properties of hair cells and
vestibular sensory and motor
neurons change during
development and aging and
examine the roles of neural activity
and neurotransmitters in
producing those changes at the
cellular level.

o DeWrmine the neurotransmitters
present in vestibular brain stem
nuclei over the course of
development, maturation and

Major Clinic Scientific
Opportunities

There are six broad high prioriV
areas for clinical vestibular research:
prevalence and environmental factors;
anatomic, physiologic and molecular
bases; diagnostic methods and testing
procedurex adat.ive mechanisms; and
medical and surgical therapy. These
opportunities can be summarized as
followan

17
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Prevalence and Environmental
Factors

It is important to develop a better
understanding of disease prevalence and
passible associated envircmmental
factors. Research is needed to:

o Assess the distribution of balance
disorders among different sectors
of the population (including age,
gender, genetic background and
geography).

o Identify environmental and
occupational hazards that
adversely affect balance.

o Carry out a demographic study to
evaluate the deleterious effects of
prescription and over-the-counter
medications which may produce
central or peripheral vestibular
alterations.

Anatomic, Physiologic and Molecular
Bases

A better understanding of
anatomic, physiologic and molecular
bases of normal and abnormal balance
processes is needed.

o Determine modifications of
neuronal vestibular pathways in
animal and human pathologic
specimens with known vestibular
dysfunction.

o Analyze the molecular and
pharmacologic properties of
specific groups of relay neurons in
postural and gaze reflex pathways.
The development of these
properties from embryo to adult
vestibular systems should be traced
and changes that accompany aging
examined.

o Determine the coexistence of
multiple neurotransmitters within
single vestibular synapses.

o Determine the excitatory and
inhibftory neurotransmitters in the
vestibular portion of the brain stem
nuclei during development,
maturation and aging.

o Develop animal models to study the
pathophysiology of vestibular
diseases.

o Examine structural changes in
vestibular pathways in animal and
human pathologic specimens with
known vestibular dysfUnction.

o Investigate the molecular basis of
acquired and congenital inner-ear
disorders in humans and animal
models.

o Study and correlate peripheral and
centri pathologic abnormalities
with biochemical and molecular
changes in human subjects with
well-studied disease.

S
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Diagnostic Methods and Testing
Procedures

Improved tests of balance function,
a more standardized method of testing
and research on pathology are needed .

o Develop new tests to evaluate
otolithic organ and vertical
semicircular canal function in
humans, including freely-moving
subjects.

o Develop tests to define the
contributions of neck receptors to
normal gaze and balance function
and to vertigo and imbalance in
pathologic conditions.

o Develop new testa for vestibular
function involving non-invasive
recording* of neural activity andior
reflex responses elicited by specific
mechanical or electrical stimuli
that activate vestibular afferents.

o Develop new and improved
methods for the evaluation of
posture under static and dynamic
conditions.

o Develop standards for the more
commonly-used diagnostic tests in
the vestibular test battery.

o Develop improved psychophysical
methods for evaluation of
vestibular function in health and
disease.

12

o Develop animal models to study the
reliability and validity of new
vestibular tests.

o Develop methods to detect
immunologic and autaimmune
inner-vitar disorders and neoplasms
for the diagnosis of vestibular
system disorders.

o Validate currently accepted
diagnoses or new diagnoses based
on clinical pathologic correlation.

o Conduct serial (longitudinal)
studies of the changes in vestibular
tests in patients with well-defined
pathologic processes.

Adaptive Mechanisms

Adaptive mechanisms play an
important role in normal balance
function, compensation for disease and
rehabilitation.

o Analyze the molecular and
pharmacologic bases of adaptive
changes in the vestibular system.

o Investigate the use of
pharmacologic agents to modulate
changes in adaptive compensation.

o Extend studies of adaptive
behavior to consider the conditions
of unilateral and bilateral
labyrinthectomy in an attempt to
understand the response to
vestibular damage.

19
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Determine Webers is a critical
period for the initiation of
vestibular exercises to facilitate
recovery following the sudden
onset of veadbular loss or
dysfunction in humans.

o Determine the optimal
characteristes of vestibular
stimulation necessary to facilitate
recovery in different vestibular
disorders.

Medical and Surgkal Therapy

Medical and surgical therapy is
frequently based on insufficient
determination of efficacy. Standardized
reporting of results is critical, and the
efficacy of treatment should be
determined.

o Perform multi-center, prospective,
controlled clinical trials which:

o evaluate medical therapy for
vestibular symptoms.

o evaluate osmotic or renal loop
diuretics for the treatment of
episodic vertigo.

o compare medical to surgical
ablative therapy in Meniere's
disease.

o Study the pathologic effect of vessel
loop compression on the vestibular
nerve and the effectiveness of
vessel loop relocation.

o Study the anatomic, physiologic
and pharmacologic central nervous
system correlates of neurectomy
(partial and total) compared to
labyrinthectomy in appropriate
animal models.

o Determine the effect of surgical
manipulation of the cochlear nerve
and the facial nerve intracranially
and in the internal auditory canal.

o Determine the effect of the
peripheral and central molecular,
biochemical and structural changes
following various ablation
procedures, e.g. labyrinthectomy
and partial and total vestibular
neurectomy.

Language and
Language
Impairments

Language is the uniquely human
means of communication through which
knowledge, belief and behavior can be
explained and shared. The broad goal of
research on language is to understand the
nature of normal language function,
including the underlying bases and
mechanisms involved. A primary
purpose of this work is to build the
foundation necessary to develop and
evaluate intervention strategies designed
to improve and enhance communication

13
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for individuals with language disorders.
The understanding of newmal language
(whether spoken, signed, or written)
provides a basis for comparison in
investigations of language disorders. It is
critical to understand how language is
produced and understood, what its
biological and neural substrates and
organising principles are, how it is
learned by children and how it is
processed in adulthood.

Language acquisition takes place
naturally for most children, including
those who have normal hearing and those
who are deaf with signing deaf parents.
However, much research is still needed
befme normal language acquisition can
be fully understood. There is an
especially great need for data from all of
the diverse groups of children that make
up contemporary U.S. society. In light of
the growing role played in society by
different racial, ethnic and social groups,
it I. esaential that these populations be
properly represented in the subject pools
for studies of normal language processes.

Individuals with normal hearing, as
well as those with hearing impairment,
may ezhibit a disorder of language, that
is, problems with language
comprehension, production or use
sufficient to interfere with interpersonal
communication. In young children, these
disorders frequently involve difficulty in
the acquisition of the ambient spoken or
signed language and may also lead to
impairment in reading and writing. In
adults and older children, persons with

14

language impairment include aphasic
individuals who have lost their previous
levels of language competence as a result
of brain injury.

Disorders of language affect
children and adults differently and pose
different sorts of research questions. For
the child who does not use language
normally from birth or who develops the
impairment in childhood, the disorder
occurs in the context of a language
system that is not fully developed. In
contrast, impairment of language in
adults disrupts a system that may be less
malleable in the face of neural damage.
As a result, although the broad goals of
research on Language disorders are
similar whether the affected individuals
are children or adults, the research
agendas for these two groups are
considered separately.

Both the review of research
accomplishments and the discussion of
research opportunities are divided into
four general areas. The first of these
concerns multicultural issues. This area
receives emphasis because, with U.S.
society becoming increasingly diverse, it
is vital that evaluation of language ability
be based on representative normative
data. Moreover, there are indications
that particular disorders may be more
prevalent among certain groups; the
development of preventive measures
must rely on a clear understanding of the
distribution of, and underlying bases for,
language disorders in the population at
large.

2 1
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A second general area concerns
language among deaf children and
adults. Although much has been learned
about the natural acquisition of signed
languages, many details of the nature of
this process are still unknown.
Furthermore, many deaf childrei who
acquire a signed language with little
difficulty nevertheless have significant
problems learning to read and write.
Another important consideration is the
fact that large numbers of individuals,
including those whose hearing
impairment was acquired during
childhood, use spoken language as their
primary mode of communication. The
language acquisition and use of many of
these people are characterized by
difficulties not faced by most hearing
penms.

A third general area deals with
language disorders in children. These
disorders can be discussed in terms of
whether the language difficulties exist in
isolation or in association with other
problems and whether the factors
interfering with language were present
from birth or appeared later. Many
children with isolated language problems
present from birth are given the clinical
label of *specifically language impaired".
Children with language disorders
occurring in conjunction with other
developmental disorders include children
with me..tal retardation and those with
autism, among others. Finally, a number
of children begin the language learning
process normally but then acquire a

language disorder through infection,
stroke or trauma.

The topic of language disorders in
adults constitutes the fourth general area
of concentration. The primary cause of
such disorders is a focal brain lesion,
caused by a stroke or head injury.
Language disorders can also occur as a
primary symptom of progressive
dementing illnesses. In both cases, the
previously-normal language system is
changed in ways that can be devastating
to the economic and social well-being of
the affected individuals. Recent recearch
on adult language disorders has
emphasized the wide range and
combination of language symptoms that
can occur when the brain is damaged.
This diversity of language impairments
complicates efforts to understand tha
underlying functional bases for these
disorders, to link particular symptoms to
specific brain regions and to design
effective rehabilitation techniques.

For all four of these areas of focus,
current research opportunities
emphasize studies that enhance
understanding of the normal language
system, while clarifying the various ways
that language or language acquisition
can break down. In all areas, successful
intervention to address language
impairments must be based on precise
knowledge of the ways in which the
disordered condition differs from the
normal case.
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Major Scientific
Opportunities
Multicultural Issues

Specific research relating to
multicultural issues should:

o include normative studies for
different languages or social
dialects which focus on the
acquisition and use (*phonological
and grammatical forms as well as
content and pragmatics.
Investigations of the simultaneous
or consecutive acquisition of two or
more linguistic systems are also
necessary. Stich research can
include investigations of "critical
periods" for dual language learning
and code switching.

o Obtain basic epidemiologic
information on the incidence Lnd
prevalence of and risk factors for
speech, language and hearing
disorders within African-American,
Hispanic, AsianiPacific Islander
and Native American populations,
as available data may not be
generalizable across these groups.

o Explore factors that might impede
the efficacy of treatment, such as
differences in cognitive or learning
styles and cultural systems of
belief.

18
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o Develop means of differentiating
between language differences and
disorders across cultural groups.

o Investigate the incidence and
prevalence of and risk factors for
adult neurogenic impairment
among culturally-diverse and
bilingual populations

Language and Deaf People

Language Development In
Deaf Children

Within this area, new studies are
needed to:

o Identify and describe patterns of
acquisition of American Sign
Language (ASL), particularly when
access to a first natural language is
delayed or incomplete.

o Identify and describe patterns of
language acquisition of children
exposed primarily to systems or
styles of signing in which the
intention is to model or support
English speech.

o Identify and describe patterns of
language acquisition among
children exposed primarily to oral
language.

o Identify and describe patterns of
language acquisition of children
primarily exposed to spoken
English through Cued Speech.
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o Identify and describe patterns of
related cognitive, psychological
and academic deficits
accompanying delayed language
acquisition.

o Study the nature and value of
language models provided by
hearing adults in contact with deaf
children. This research should
include studies of the nature of
receptive and productive aspects of
English.like signing in addition to
aspects of auditory, oral language
models.

o Identify deaf chikiren who have
language disorders by examining
and describing the differences
between normal and language-
impaired deaf children.

o Study approaches and techniques
for the training of hearing parents
of deaf children to sign or to
facilitate the development of their
children's spoken language,
including the use of Cued Speech.

o Identify and describe the processes
of reorganization of the input
language, particularly
pidginization and creolixation
processes in language contact
situations.

o identify and describe the invention
of gestural language systems
without formal sign input and the

relation of this process to eventual
signed or spoken language
development.

o Stuoy approaches and techniques
for evaluating the potential of new
technology and intervention
strategies (such as auditory
prostheses, laser disk technology,
computer-based training systems)
for promoting spoken language
acquisition by deaf children.

o Identify critical periods for both the
natural acquisition and training of
spoken or signed language by deaf
children.

Develop the means of idendfYing
language disorders in deaf children
from different cultures.

Studies of Literacy in Deaf
Children and Adults

Research should be conducted tox

o Study the nature of processing text
by successful deaf readers in an
attempt to identify the most
effective strategies, both auditory
and visual, for the teaching of
literacy to deaf people.

o Develop and test new strategies and
techniques for teaching English as
a second language to deaf children
who make use of their capabilities
for visual language processing.

17
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o Study the role a captioning,
telecommunication devices,
personal computers and other
technological influtmces on the
improvement of deaf ctildren's
literacy skills.

o Study the relationships between
speech processing and literacy in
deaf children who use spoken
language primarily.

o Study the relationships among
speech processing, sign processing
and literacy in deaf children who
use sign language.

o Develop and evaluate appropriate
and psychometrically-sound tests
of psychosocial, intellectual and
academic development and of first-
and second-language acquisition
by deaf children and adults under a
variety of language use conditions.

o Examine the interaction of
acquisition of signed languages
with spoken and written language
and begin to characterize the
resulting bilingualism. Studies of
the order of acquisition of speech
and signed language as they affect
children's eventual acquisition of
English language and literacy
should also be conducted.

Basic Research on Sign
Language Structure and
Function

18

Investigators should be encouraged

o Continue research on brain
maPPIng for sign language
functions.

o Develop improved techniques for
imaging sign language motions in
three-dimensional space.

o Conduct further investigations into
how deaf people perceive and
process visually. Studies could
include investigations of the
relation between limb control and
vision and of the functioning of deaf
people with visual disorders.

Conduct studies of the nature of
parallel processing of language,
such as the simultaneous
processing of visual and auditory
information.

o Expand studies of the brain and
language, such as those on the
specialization of the cerebral
hemispheres for language and
other cognitive processing.

o Study signed language and othet
languages used by the deaf
community from
functional/psychological and
structural/linguistic perspectives.
Studies should focus on the nature
of the "creoLization" of signed
language and the effect of
interaction of modality and

25



EXECUTIVE SUMMARY

language structure, including
contact signing.

Study signed languages other than
ASL and varieties of signing within
ASL, to identify the role of cultural
and ethnic difibrences on signed
language use by deaf people.

o Study other signed languages, such
as simultaneous communication
and signed English, relative to the
acquisition of English language by
deaf children.

o Relate infants' early acquisition of
sign language phonology, assessed
through tests of sign perception, to
the acquisition of the higher levels
of language, such as the acquisition
of words (lexicon), word meanings
(semantics) and grammar (syntax).

o investigate basic and higher level
processes underlying vision,
including the requirements of
structured use of space and
movement, the processing of
complex dynamic arrays and the
perception of motion and form.

o Study the impairments to sign
perception in deaf individuals who
become aphasic or who sustain
other cognitive impairments
subsequent to brain damage.

Language and its Disorders in
Children

Bases of Language Disorders
in Children

Research should be carried out tcg

o Examine the linguistic profiles of
language-impaired children to
determine if they vary according to
the type of language being acquired
(e.g., morphologically rich vs.
sparse; flexible vs. rigid word
order). The weaknesies observed
in language-impaired children
across these languages might
reveal a common factor that may be
the source of the disorder.

o Examine the impact on language
production of structural anomalies
of the speech mechanism, such as
craniofbcial anomalies, long-
standing tracheotomies or severe
neuromotor impeirment. The
relative contribution of subtle
motor speech problems to certain
subtypes of language impairment is
not known.

o Study the normally-developing
brain across the life span using a
wide range of anatomic,
physiologic and metabolic
techniques. New advances in
imaging the brain (anatomic,
physiologic and metabolic) are
particularly important to apply to
studies investigating normal and
abnormal development.
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o Conduct multidisciplinary studies
that combine imaging techniques
with fine-pained behavioral
analysis of processes underlying
language development and
disorders.

o Determine the reason for the much
higher prevalence of
developmental language disorders
in boys than girls.

o Isoiate those cognitive areas not
represented in IQ tests and
determine whether or not these
areas interact with language
fUnctioning.

o Determine to what extent language
impairment may be secondary to
psychosocial disorders.

o Determine to what extent
psychosocial disorders may result
from a primary language
impairment. There are special
groups of children and youths who
are at risk for language disorders
and language-based learning
disorders. These special groups
include victims of abuse, neglect or
drug- or alcohol-related lifestyles
and homelessness and general
victims of poverty.

o Determine to what extent failures in
communication and education are
related to psychosocial factors.

Assessment

Initiatives are needed to:

o Develop psychometrically-sound
and culturally-fair and sensitive
procedures for the measurement of
language comprehension and
production to be used in identifying
and classifyirg language
impairments.

o Develop alternative assessment
strategies including criterion-
referenced testing, observational
techniques, interview procedures
and other informal strategies.

o Explore the utility of state-of-the-
art computer technology in
language assessment including
language sampling analysis.

o Develop assessment strategies
which have application, validity
and reliability for ident*ing
language disorders in children in a
variety of assessment contexts (e.g.,
school, home, clinic).

o Determine the most appropriate
strategies for evaluating limited-
English-proficient (LEP) children
including the use of interpreters or
informants.

o Develop assessment tools for
preschool populations, especially
for children under three years of
age.

20 27



EX ;CUTIVE SUMMARY

Academic, Social and
Vocational Impact

Research is needed to

o Study the relationship between
language disorders and subsequent
or concomitant learning
disabilities.

o Study the relationship in children
between language disorders and
social adjustment problems.

Intervention

Research must be conducted toc

o Develop new intervention
strategies based upon current
theoretical models and establish
their efficacy.

o Determine the efficacy of currently
available intervention strategies
through both single subject studies
and studies of children who clearly
represent different types of
language impairment.

o Evaluate alternative models of
service delivery such as family- or
school-based programs versus
direct delivery by speech-language
pathologists-

o Investigate the use of computers
and recent technologic advances
(for example, in speech recognition
and speech production) in

intervention with language-
impaired children and with deaf
children learning oral language.

Language and Its Disorders in Adults

Brain-Language Relations

Detailed study is needed to

o Investigate the mechanisms by
which recovery takes place and the
basis for individual differences in
recovery, using a variety of .

techniques for indexing brain
activitY IR Elni (e.g., positron
emission tomography, single
photon emission computed
tomography, event-related
potentials).

o Clarify the role of the non-dominant
(typically right) cerebral
hemisphere in the assumption of
language functions following
damage to the dominant
hemisphere.

o Relate specific symptoms to
discrete brain regions using lesion
analysis. A correlation between the
breakdown of motor speech
planning and structural brain
lesions has been demonstrated, but
other potentially localizable
language skills (such as speech
sound discrimination and oral
word comprehension) are still
inadequately mapped.

2 s
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o Define by clinico-anatomic study
the link between processes that are
closely related to well-localized
structures and those that are
broadly distributed in the language
zone.

o Identify well-defined forms of
selective impairments through
detailed study of individual cases,
including careful analysis of brain
lesions and of ffinctional language
impairment.

o Explore the role of various
neurotransmitter systems in the
mediation of particular language
operations. The potential for
pharmacological treatment follows
directly from such understanding.

Analysis of Processes
Underlying Language
Disorders

Continued study is needed to:

o Extend recent progress in the
cognitive sciences to an
understanding of the structure of
normal language processing. For
example, techniques involving real-
dme analysis of normal-language
processes should be adapted to
esamine the nature of language
pathology.

o Distinguish the various forms of
dysfunction that characterize
orallaural, written and signed
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languages through comparative
study of impairments in those
modalities.

o Elucidate the relationship between
deficits that are specific to the
language system and those that
arise from perceptual, motor, or
other cognitive disorders and
clarify their relative contributions
to complex language impairments.
Information about such
relationships could provide an
important basis for the design of
new treatments.

o Continue comparative analyses of
disorders in different languages, on
the assumption that language-
specific differences in symptoms
can help reveal the linguistic and
cognitive mechanisms that
subserve language processing.

o Develop artificial intelligence
computer models that simulate
normal language and its disorders.

Assessment, Intervention and
Recovery

Specific opportunities in these
areas include efforts tix

o Demonstrate the efficacy and
efficiency of the existing
intervention strategies for aphasia
treatment. Such demonstrations
will require development of new
approaches to the evaluation of

29



EXECUTIVE SUMMARY

efficacy which use both single
subject and group methods.

o Revise and improve existing
assessment procedures in order to
bring them into line with current
understanding of the relationship
of patients' symptoms to causal
underlying language deficits.

o Develop a workable diagnostic
scheme that provides a rationgd
basis for the classification of
patients and for comprehensive
characterization of their deficits.

o Develop functional assessment
tools to evaluate the communicative
abilities of language-impaired
individuals.

o Study the patterns of symptoms in
patients with disorders in which
deterioration instead of
improvement is the natural course,
for example, in Alzheimer's disease.
Identification of predictors of the
course of progression of language
disorders in such patients would
contribute to their management
and provide a basis for
approaching intervention.

o Develop and evaluate computer-
assisted instruction as an
intervention strategy for working
with aphasic individuals. In
particular, strategies that capitalize
on recent information concerning
the functional basis of specific

language symptoms or that provide
aphasic individuals with workable
compensatory mechanisms should
be developed.

o Develop and evaluate alternative
and augmentative communication
systems for adults with language
deficits. Adults severely-impaired
in understanding and producing
language may be capable of
effective communication by
alternative means, including
computer-based systems.

o Investigate social and cultural
factot s that have the potendal to
affect treatment outcome and
evaluate the relative contribution
of these factors to individual
differences in response to
treatment

Comparative Language
Studies

New initiatives are needed ta

o Obtain normative data from
healthy individuals of various ages
to determine whether or not there
are changes throughout the life
span in the use of spoken, written
or signed language.

o Develop normative data on adults
from a range of social strata and
linguistic and cultural
backgrounds to provide a basis for
addressing the contributions of

3 )



EXECUTIVE SUMMARY

sociocultural factors, bilingualism
and normal aging to language
impairments.

a Compare analysis aloft- and right-
brain damaged hearing subjects to
determine the extent to which the
right hemisphere may be involved
in language use. Study brain-
damaged users of sign language in
order to understand hemispheric
specializaticm for complex
linguistic properties conveyed
through spatial mechanisms.

o Study the differences that exist
between the language disorders of
focally brain damaged patients and
those that accompany more
generalized brain dysfunction.
Comparisons among the forms that
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language breakdown can take
secondary to these various causes
have suggested important
functional dissociations, but
fUrther study is required to clarify
the nature of and underlys.ng bases
for these differences.

o Develop normative data on the
language fUnctioning of diverse
populations to provide a
substantive Laois for approaching
their language disorders. . -
population of the United States is
increasingly multilingual; as this
population ages and its risk of
stroke and consequent aphasia
increases, there will be an
increasing number of bilingual
individuals with language
disorders.
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Overview
The vestibular system maintains

our balance and posture, regulates
locomotion and other volitional
movements and provides a conscious
awareness of orientation in space and a
visual fixation in motion. Disease, aging,
exposure to unusual motion or altered
gravitational environments (e.g.,
aerospace flight) can impair balance. In
the United States, over 90 million people
have experienced dizziness or a balance
problem. For example, there are an
estimated 38,000 new cases of Meniere's
disease each year, one of many disorders
that affects the vestibular system, and
dizziness is,the most common reason for
seeking medical care in the over-75-year
age group. A major consequence of
vestibular disturbance is diminished
capability and desire for purposeful
activity. There may also be
incapacitating effects on motor task
performance and sensorimotor
integration. Furthermore, modvation,
concentration, memory, food intake and
digestion and many other human
activities may be adversely affected.

The vestibular receptors located in
the labyrinth of the inner ear signal

BALANCE AND THE
VESTIBULAR SYSTEM

motion and position of the head. Nerve
fibers connecting these receptors to the
brain provide information about bead
movements to produce vestibular
reflexes. Brain circuits integrate
vestibular information with other sensory
signals from the eyes, skin, muscles and
joints to produce a complex set of reflexes
that interact to maintain posture and
visual fixation in motion. In addition, the
signals contribute to an internal
representation or picture of body
orientation and self motion.

The vestibular system is a complex,
highly-interactive set of brain
mechanisms capable of continuous
adaptations to changes in the body and
the environment. Because it has ir
components, there are many symptoms
that indicate its malfunction, which range
from mild discomfort to total
incapacitation. Although balance is
normally an automatic, unconscious
process, it is essential for purposeful
movement and effective communication.

Understanding how the vestibular
system works is a scientific and technical
challenge. The fluid-filled receptor end-
organs that detect motion and head
position are encased in bone and are
difficult to access, manipulate and study.
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The system is complex because it
integrates many kinds of sensory
information and utilizes a variety of
neurochemical transmitters, and its
malfunction results in a multitude of
symptoms. The complexity of vestibular
system function requires an
interdisciplinary approach, including
rigorous anatomical, physiological,
biochemical, molecular biological,
pharmacological, behavioral, perceptual
and clinical studies. Biological data
should be incorporated into
mathematical computational models to
examine and understand the integrated
action of vestibular receptors and brain
circuits in maintaining balance,
orientation and the visual fixation and
postural stability required for locomotion
and other volitional movements. The
resulting models should be utilized to
predict changes that will result from
pathologic conditions. Symptoms of
these condidons should be evaluated in
the context of the model predictions to
reach a global understanding of the
normal vestibular system and its
pathophysiology.

Symptoms

The symptoms of vestibular system
dysfunction are varied, reflecting the
complexity of functional interconnections
of the vestibular system with vision,
tendon and joint position sensors, the
digestive system and even the psyche
(anxiety disorders).

32
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Dysfunction of the vestibular
system, particularly the inner ear and its
interconnections with the brain, may
cause hallucination of movement,
variably described with such terms as
dizziness, disorientation, vertigo,
spinning, floating, rocking,
lightheadedness, giddiness, sense of
falling, imbalance, unsteadiness, or
difficulty walking.

Symptom characteristics and the
degree to which the patient is
incapacitated depend upon the nature of
the disorder. The zymptoms may be
episodic or continuous and may vary in
frequency, severity and rapidity of onset.
If there is damage to the system, the
location (either in the Inner ear or brain)
as well as the magnitude of that damage
play roles in the generation of symptoms.

Balance system dysfunction, if
severe enough, can also provoke
responses in the digestive system (nausea,
vomiting and diarrhea ), circulatory
system (pallor, changes in blood pressure
and pulse) and skin (perspiration, cold or
clammy sensation).

The psychological impact of
vestibular symptoms should not be
underestimated. The fear of falling, with
the chance of physical injury, adversely
affects the individual's sense of
independence and quality of life,
particularly in the elderly. Similarly, the
fear of a sudden attack of dizziness with
socially-embarrassing ataxia, nausea and
vomiting can cause individuals to become
withdrawn. Subconscious fear may play



BALANCE AND THE VESTIBULAR SYSTEM

a role in agoraphobia and subtle
dysfunction of the vestibular system may
underlie difficulties in handwriting and
reading. Vestibular dyshinction
adversely affects the ability to perform
the most routine activities such as taking
a shower, housekeeping duties and
driving an automobile, and may prevent
patients from holding high-risk jobs, e.g.,
telephone line-man, mechanic and bus
driver.

Disorientation, i.e., wrongly
perceived tilt or motion of the body
relative to the environment, can arise
from abnormalities in the vestibular
system or result from subjecting the
normal vestibular system to an abnormal
environment.

Motion sickness is currently
regarded as the brain's response to
conflicting sensory messages about the
body's orientation and state of motion.
The sensors involved include the
vestibular part of the inner ear, the eyes
and body pressure and joint position
sensors. Nausea, vomiting and poor
concentration are symptoms provoked by
"sensory mismatch."

Dizziness comprises a spectrum of
disorders ranging from lightheadedness
and giddiness to frank vertigo and
dysequilibrium. Attempts to determine
precisely the true incidence of
vertigolimbalance stemming from
peripheral and central vesdbular system
dysfunction are foiled by the nature of the
disorders and the complexity of the
balance control mechanisms. However, it

is clear that balance disorders afflict a
large proportion of the population,
particularly the elderly.

Prevalence and Costs

Recent estimates exist for the
prevalence of balance disorders in
general, Meniere's disease and benign
paroxysmal positional vertigo (BPPV).
Examination of hospital statistics by
discharge diagnosis shows that for those
people under 65 years of age, 165.680
hospital days per year, on average, are
provoked by dysequilibrium. In the
general population (ail ages), 347,000
hospital days are incurred because of
"vertiginous syndromes," 202,000 because
of labyrinthitis" and 184,000 because of
"labyrinthitis unspecified," with several
thousands more accounted for by other
balance disorders, e.g., Meniere's disease.
The diagnosis of dizziness or
dysequilibrium accounted for 221,000 of
the primary discharge diagnoses in 1983.
In the 454o-64-year-old group, 1.3% of all
visits to internists are related to vertigo or
dizziness, affecting a relatively similar
percentage of men and women.

Meniere's disease affects
15.3/100,000 individuals per year,
resulting in about 38,250 new cases per
year in the United States; in contrast, an
incidence of 46/100,000 was found in a
Scandinavian population, which would
translate into 115,000 new cases per year
in the United States. The prevalence
figures are even more striking with a rate
of 218.2/100,000. It is estimated there are
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545,000 individuals in the United States
with Meniere's disease.

In Japan, BPPV was determined to
affect 10.7/100,000 individuals, with a
great deal of inter-regional variability.
The Japanese study determined that
BPPV peaked in incidence in the fifth
decade for both men and women, but that
women were more commonly affected
than men. BPPV occurred about two-
thirds as frequently as Meniere's disease.
The incidence of Meniere's disease in
Japan is 16.0/100,000, very close to the
incidence in the United States.

In looking at outpatient visits, 2.9%
of visits to internists by the over-65-years-
old group are because of dizziness or
verdgm in the over-75-years-old group,
3.8% of visits were for dizziness or verdgo .
the number one reason for going to the
physician. Seven percent of those in the
over-55-years-old group present to the
doctor because of dizziness or vertigo.
These numbers reflectjust the tip of the
iceberg: an interview of those elderly at
home showed 47% of the men and 60% of
the women over the age of 70 complained
of dizziness or vertigo.

In 1970, an estimated $500 million
was expended just on visits to physicians
for dizziness or vertigo. Assuming,
conservatively, a 5% rate of inflation, the
costs for medical care alone will
approximate one billion dollars in 1991.
To this figure must be added the cost of
diagnostic testing, as well as therapy.
The cost of falls, which potentially lead to
fractured limbs, hospitalization, surgery,
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pneumonia and even death, must also be
factored in. An estimated 15 to 23% of
those over the age of 65 years who fall fall
because of dizziness or vertigo.

The psychological toll of balance
disorders on their victims is considerable;
of those over the age of 65 years, at least
34% believe that dizziness keeps them
from doing things they otherwise could
do. This is not a happy way to spend one's
"golden years."

If one considers military costs, the
Army, Navy and the Air Force lose an
average of 30 pilots and their aircraft
every year to pilot disorientation and
subsequent error. This loss of materiel
conservatively represents an estimated
cost of IINO million per year. In times of
strife, cost estimates are increased three-
to four.fold. Also, two-thirds of all
astronauts experience motion sickness
that can severely reduce their
effectiveness for the first three days into
orbital flight.

Diagnosis and Treatment

Evaluation of vestibular function
has improved in the last 15 years due to
the development of tests based on modern
anatomic and physiologic concepts and
the application of technical
advancements. For example, studies of
individual neurons are providing data
upon which models have been developed
to understand precisely vestibular, visual
and somatosensory inputs involved in
gaze stabilization, balance and
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orientation. Technical advancements in
computer hardware have enabled
clinicians to control angular and linear
acceleration devices. Methods are being
developed to measure different reflex
functions (e.g., movements of the eyes,
body or extremities) with the aid of
microcomputers and programs that
permit automatic analysis of data with
accuracy and ease.

Tests cannot be limited to
measurements of only one aspect of the
balance system, however. Normal
vestibular and balance fluiction is a
result of infkormation about head
movement and position from the inner
ear, visuo-spatial relationships from the
visual system and body relationships to
the environment from the somatosensory
system. Current methods of evaluating
patients with vestibular disorders consist
of a battery of tests that quantify the
vestibulo-ocular reflex (VOR) , the visual-
oculomotor system and postural
responses.

Better techniques to quantify
vestibular function and its lateraction
with other systems, in add!Ilor., to
techniques that aid in early iisgr
such as magnetic resonance Lnaging
(MRI) and techniques that permit
evaluation of blood flow and metabolic
function of the brain, are resulting in
improved diagnosis and management of
patients with vestibular disorders.
Advancements in our understanding of
the pathophysiology of vertibular
disorders have also contributed to better
medical and surgical management. For
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example, mortality following resection of
vestibular tumors has decreased from
50% to less than 1%.

Rehabilitation procedures are
being developed that provide an
additional approach to treatment for
vestibular disorders. Specific vestibular
exercise programs facilitate the rate and
final level of recovery from vestibular
disorders.

A Current View of
Vestibular Function

Understanding the
Molecular, Cellular and
Neural Basis of Peripheral
and Central Vestibular
Function

Many of the vestibular reflexes
serve to stabilize and coordinate
movements of the eyes, head.and body.
These processes are collectively referred
to as thie vestibular reflex systems.

The vestibular receptor organs
transduce the forces associated with head
accelerations and changes in head
position relative to gravity. The result is
excitation of the nerves leading to control
centers in the brain, which use these
signals to develop a sense of orientation
and to activate automatically muscles
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that subserve movements of the eyes,
locomotion and posture.

While the basic receptors and
neural structures are genetically
determined, the development and fine-
tuning of vestibular function is a dynamic
process that is dependent upon use and
interaction with the environment
throughout life. There must be an
ongoing process of calibradng reflexes in
order to adapt to physical changes in the
musculoskeletal system during growth
and development as well as to
compensate for disorders (for example,
inner-ear disease or visual loss) and to
adapt to changes in the environment
(such as an altered gravitational field, as
in space). Thus, the proper responses to
vestibular information require learning
and memory.

Signal Transduction by Vestibular
End-Organs

There are five vesdbular end-
organs. Two of these, the utricular and
saccular maculae, transduce linear
acceleration forces acting on the head,
while the other three, the cristae of the
semicircular canals, transduce angular
acceleration forces. The five organs are
so arranged in the temporal bone that
they collectively provide the brain with a
three-dimensional reconstruction of the
position and motion of the head reladve
to the Earth.

Each end-organ consists of a
sensory epithelium composed of sensory
hair cells and supporting cells,
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innervated by afferent nerve fibars front
the vestibular nerve. Hair cells contain
ciliary bundles (hairs) that protrude from
their apical surfaces and are embedded in
gelatinous structures, the otoconial
membranes of the maculae and the
cupulae of the cristae. These structures
couple the forces acting on the head to the
cilia resulting in bending of the cilia.
Displacement of the ciliary bundles
regulates the opening of transduction
channels, thought to be located near the
ciliary tips. When the channels are
opened, an electrical transaucer current
flows into the hair cell and changes the
voltage. The transducer current
modulates ionic currents flowing through
the basolateral surface of the hair cell.
The basolateral currents alter the
electrical response of the hair cell. In
addition, one of the basolateral currents
adjusts the intracellular concentration of
calcium ions and thereby regulates the
release of as yet unknown chemical
neurotransmitters from the hair cell to
the afferent fibers contacting (synapsing
with) the hair cell. The result is a change
in the nerve impulse frequency of the
afferent fibers. Even at rest, hair cells
continue to release neurotransmitters
and thereby cause nerve fibers to have a
background or spontaneous activity.
Bending the cilia in one direction causes
an increase in transmitter release and
nerve activity; bending in the opposite
direction results in a decrease. In
addition to their afferent innervation, the
receptor organs are !so provided with
efferent nerve fibers arising from the
brain and contacting hair cells and
afferent terminals. By means of this
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efferent innervation, the brain can
regulate ongcdng sensory processing by
the end-organs, as well as modulate their
function on a longer time scale.

The afferent nerve fibers transmit
their impulse activity to the vestibular
nuclei and to the cerebellum. These
structures are extensively interconnected
with each other and with other centers in
the brain stem a-11 spinal cord that
modulate the actavity of the muscles of the
eyes, head and body.

Reflex Control of Posture and Gaze

Afferent fibers from the
semicircular canals and the otolith
organs synapse with neurons in the
vestibular nuclei of the brain stem, which
form the starting point of neural circuits
that regulate movements of the eyes, head
and body. These movements take the
form of reflexes that compensate for
perturbations of head or body position.

Postural reflexes result from the
integration of vestibular signals with
input from visual and somatosensory
receptors and other motor-control
systems and generate patterns of
activation of leg, trunk and neck mu, les
that stabilize posture and prevent falling.
Maintenance of posture depends on the
generation of different stabilizing
movements depending upon the context
in which adjustments must occur.
Vestibular contributions to postural
control are difficult to isolate from other
postural stabilizing responses.

The direction of visual regard b
regulated by gaze reflexes, which are
better understood than postural reflexes.
Such regulation is required to maintain
stability of images on the retina, without
which visual acuity is severely reduced.
One such reflex, the vestibule-ocular
reflex (VOR), causes eye movement equal
but opposite to head movement. When
the head is rotated to the right, the
horizontal semicircular canal in the right
ear is activated and that in the left ear
inhibited. Reflex circuits trandorm these
changes in canal afferent activity into
activation of muscles that move the eyes
to the left by the same angle as the head
movement so that the eyes remain
directed to a fixed point in space as the
head moves. In analogous fashion, when
the head is displaced linearly upward
(e.g. during running), saccular otoliths
are stimulated; and by way of reflex
pathways projecting to the ocular motor
nuclei, the eyes are moved downwards to
compensate for the head displacement.

Despite its seeming simplicity, the
VOR requires complex and very accurate
processing of semicircular canal, visual
and otolith signals to generate the
required compensatory eye movement.
The angular acceleration signal provided
by canals must be converted into a
change in angular position of the eyes.
Because the canals are not exactly
aligned with eye muscles, signals from all
canals must be combined to produce a
spatial transformation from the three-
dimensional coordinate frame of the
canals to that of the eye muscles. These
problems become even more complex in
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the vestibulo-collic reflex, which must
control over 20 neck muscles to stabilize
the btomechanically complex bead-neck
system. Remarkably, the brain is able to
perform these functions with relatively
simple reflex circuits. The key is in
having a parallel processing systeni with
a multiplicity of neurons at each stage of
the circuit, which gives the system great
processing power and flexibility. Such
systems can best be understood by
computerized modeling techniques that
can represent and explore their structure
and computational capabilities.

The most direct neural circuits
involved in gaze reflexes are three-
neuron vestibulo-ocular and vestibula
conic reflex arcs that interconnect
vestibular afferent fibers, relay neurons
in the vestibular nuclei and motor
neurons that control eye or neck muscles.
Each connection between a labyrinthine
receptor and a pool of motor neurons
involves several classes of relay neurons,
each of which collects input from a
different set of vestibular and visual or
somatosensory receptors and projects to
either a few related or many diverse
motor pools. These classes of relay
neurons may have distinct biophysical
and pharmacological properties which
allow them to be regulated independently
and which may permit discrete
therapeutic intervention to restore
deficient reflex function once the
mechanisms are known. In addition, the
brain has a repertoire of more complex
processes for regulating gaze which
involve predictive switching, like that
seen in postural systems. These are
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implemented by more complex neural
circuits and are as yet poorly understood.

Not surprisingly, to remain
effective for visual stabilization, VORs
must interact with the visual world
during head movements. By receiving
visual feedback during head movements,
VORs may update their response
properties to match what is required to
maintain visual stability at any particular
time and under a variety of
circumstances. That is, the VORs exhibit
adaptive plasticity. In addition, recent
evidence has shown that VOR
characteristics are affected by the
vergence state and the direction of gaze in
space, indicating that the VOR is not an
isolated, simple reflex, but has response
properties which are determined by
integration of inputs from a variety of
nervous system mechanisms and sensors
other than vestibular ones.

Sensory Integration in Spatial
Orientation, Perception and Motion
Sickneu

Spatial orientation is the
relationship of the head and body to the
Earth and to the Earth's gravity. The
vestibular system and weight sensors
provide information about how the body
is oriented relative to the Earth, while
other senses such as vision define the
relationship of elements of the
environment to the body. Balance and
equilibrium are processes by which
persons move and maintain head and
body posture. Maintaining orientation
and balance requires the integration of
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information from many sources,
especially the ears, eyes, skin, muscles
and joints, and the transformation of
these signals into coordinated patterns of
muscle activitar. To maintain balance and
equilibrium under a variety of sensory
and support surface conditions,
combinations of sensory signals and

ascle activity patterns must be
*interpreted appropriately.

Many sensory inputs are required
for the production of a coordinated
perception of head and body movement
in space. The visual system tells the
vestibular nuclei whether the reflexes
produced by activation of vestibular end-
organs provide the amount of gaze
compensation that is required. Visual
feedback is critIcad for proper operation
of the VOR. This involves portions of the
vestibulo-cerebellum, which play a role in
adjusting the VOR when visual feedback
indicates that it is not correctly
stabilizing gaze. Disease of the
cerebellum can result in faulty VOR
calibration, poor gaze compensation
during movement and imbalance and
disorientation. Because vestibular
signals interact with all of the major
sensory systems, a large number of
disease processes can impair balance and
orientation. While it is clear that many
brain structures are involved in
determining orientation and balance,
their precise roles remain to be
determined.

The vestibular system operates
largely automatically and without
conscious awareness. When normal

coordination among the senses is
disrupted by disease, a disturbing
symptom, known as vertigo, occurs.
Similarly, passive or unusual motion
conditions (car and air travel, sea
voyages and space flight) induce motion
sickness, probably due to unusual
combinations a signals from various
sensors of motion. Mechanisms
underlying the symptoms associated with
vertigo and motion sickness are not well
understood and tire mAlor unsolved
problems as exemplified by the very high
incidence of motion sickness which
occurs during pilot training and reports
that about two-thirds of the astronauts
suffer from space motion sickness.

Gaze mechanisms involve not only
eye movements but head movements as
well. Frequently vesdbular lesions that
affect balance and orientation also affect
the way the head is moved. This effect
can lead to inappropriate stabilization of
the head in an attempt to avoid
unpleasant dizziness or vertigo, as well as
possible dysfunction of the neck muscles
and joints, which can also cause a sense
of imbalance. Relatively little is known
about the clinical effects of vestibular
lesions on neck muscle and joint action or
the reverse.

Adaptive Changes in Vestibular
Function

A remarkable feature of the
vestibular system is its potential for
adaptive change (plasticity). This
adaptive capacity allows the system to
compensate for changes that occur
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during development and aging or as a
result °fissions. Most striking is the
rebalancing of the system that occurs
after loss of one vestibu..ar nerve or
labyrinth. The large postural imbalance
and uncontrollable drift of the eyes that
are seen immediately after a lesion
disappear nearly completely over the
course of a few weeks, although these
signs can return if the ,system is stressed.
To accomplish this recovery, the adaptive
system must compensate for the loss of a
large amount of ongoing neural activity
that would normally come into the
vestibular nuclei via the lesioned nerve.
Experimental studies are beginning to
reveal some of the neural and
pharmacologic aspects of the multi-
factorial process that is involved.

Another example of adaptive
vestibular control is the plasticity of the
V011, which is experienced by anyone
who is fitted with a new set of
prescription spectacles. Because the
lenses magnify or reduce the size of the
visual scene, images appear unstable
when the head is moved: the VOR is still
compensating for image motion that
would be different without the lenses.
This instability resolves in a few hours
because the adaptive system changes the
"gain" of the VOR and thus adjusts the
speed of reflex eye movement
appropriately for the new lens system.
Experimentally, large changes in gain
can be induced by having subjects wear
magni4ing and reducing lenses and even
the direction of the VOR can be altered by
appropriate pairing of head and image
motion. Thus, in addition to its clinical
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relevance, this VOR plasticity has
become an important model system for
understanding the neural basis of motor
learning.

The role of the cerebellum in this
process is the sukect of current
controversy. Cerebellar lesions abolish
VOR plasticity, but one group of
investigators believe that the cerebellum
merely generates error signals that
induce learning in the brain stem while
snot 'her group has provided evidence
that cerebellar circuits themselves can
undergo plastic changes which account
for VOR plasticity. This healthy
controversy places the vestibular system
at the forefront of attempts to understand
sensorimotor systems. What is learned
about the role of the cerebellum in the
VOR will help scientists understand its
role in regulating other types of
movements.

As humans venture into space, they
will be exposed for increasing periods of
time to gravito-inertial fields different
from those of Earth. Exposure to
microgravity results in profound changes
in the balance system. Extended
exposure might be expected to have
consequences on otolith reflexes involved
with control of eye and head movements,
posture and locomotion since those
reflexes have evolved and function in the
gravity of Earth. For example, the linear
VOR, which depends on accurate
information fro evliths, as well as
reflexes dependet .. upon canalfotolith
interactions, would be affected by
exposure to space. Diminished accuracy
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of eye movement control during head
movement may result. Thus, in space,
adaptive vestibular changes can lead to
alterations in behavior and performance,
as well as to changes in perception of
spatial orientation. Such adaptive
alterations can in turn produce
difficulties when the individual returns to
an Earth gravity environment.

Related Topics

The topics of development and
aging, neural modeling and
neurotransmitters and molecular biology
relate to the four areas discussed in each
section of this report, e.g., signal
transduction by vestibular end-organs;
reflex control of posture and gaze;
sensory integration in spatial orientation,
perception and motion sickness; and
adaptive changes in vestibular function.

Development and Aging

The major grief of developmental
studies of the vestibular system is to
enhance the understanding of the cellular
and molecular events leading to neuron
proliferation, migration, differentiation
and synapse formation. These activities
are essential for neuron precursors to
become vestibular neurons. In contrast,
aging studies focus on postmaturational
changes that may result in diminished
function and/or cell death. Both types of
studies are needed to gain a better
understanding of how the brain
processes vestibular signals and adapts
to change.

One of the major challenges
confronting developmental
neurobiologists is to understand how
connectivity and synaptic specificity are
achieved. These issues are confounded in
the vestibular system by the highly
complex central vestibular network that
relies on multisensory inputs for its
normal activity and I. composed of a
highly interconnected network of
neurons, with less topologic organization
than in other sensory systems. However,
there are advantages to the
developmental approach which begins by
looking at neurons and their connections
when the basic components of their
organization and function are simpler
and more readily apparent. Extunining
progressively-older neurons and their
more complex assemblies should result in
further insights into how the system
works. Studies of aging vestibular
systems should enable us to determine
whether the decline in vestibular function
is a result of preprogramming (i.e.,
genetic influences) or the inability of the
cells to sustain normal functional
demands.

Following injury, the response of
the adult vestibular system is
characterized by a variety of responses
which are species- and age-dependent. In
lower vertebrates, hair cells in the inner
ear and the vestibular nerve neurons
have the capacity to regenerate. This
capacity has not yet been demonstrated
in mammals. Following the secdoning of
amphibian axons, vestibular ganglion
cells innervating individual receptor
organs find their synaptic locus in the

4f;

41



BALANCE AND THE VESTIBULAR SYSTEM

vestibular nuclei. The new connections
are fUnctionally operative suggesting that
their reestablishment and
neuromodulatory function must be
genetically imprinted. The central
nervous system can compensate for
deficits in vestibular fUnction, and this
capacity is greatest in primates. Including
man. Vision has been recognIzal as an
important component in the
compensation of VORs of primates and
other mammals. There is a paucity of
information, however, about the cellular
and molecular mechanisms of the repair
process. Such mechanisms are being
recognized in new experimental work.

Neural Modeling

Because of the ability to measure
precisely ocular motor and, to some
extent, postural compensation in
response to vestibular stimulation,
mathematical modeling of these systems
is an important method for relating their
reflex behavior to the neural components
that determine that behavior. Dynamic
system models have contributed to
defining the parameters that characterize
the vestibular system. For example, the
characterization of the dominant
behavior of the VOR and certain postural
responses in terms of time constants is a
direct consequence of approximating the
systems as first-order linear systems.
Extensions of these concepts have led to
defining parameters of VOR behavior in
three dimensions and have given rise to
model-based studies that relate these

parameters to fundamental
organizational principles that determine
the behavior of the VOIL Computational
models and techniques that predict
experbnentally-obtained, behavioral
results and uncover organizational
principles that govern vestibular-induced
behavior are needed.

Problems concerning integration of
information from the vestibular end-
organs and reflex pathways, as well as
from other sensory systems, are
important to study as a component of
vestibular research of balance and
posture, both in the civilian sector and in
aerospace biomedical research.
Computer modeling of neural network
function 6 an important and
indispensable tool for understanding how
ensembles of neurons produce the
required integration of information and
generation of motor responses.

Theoretical neurocomputing
studies also confront this key problem of
information processing (sensory fusion)
that has been solved by the brain in the
vestibular system. The issue of
information integration from different
sensors is common to biomedical
research, aerospace biology and
neurocoraputing research. Cooperation
among fields will optimize success in
each. This success can be achieved by
identifying or creating research facilities
that can integrate such multidisciplinary
efforts.
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Neurotransmitters and
Molecular Biology

Transmission of vestibular signals
from the ear to the brain is initiated when
hair cells release molecules of
neurotransmitters which react with
receptors on the membrane of afferent
nerve fibers. Several animal models have
demonstrated central nervous system
control of labyrinthine receptors by
efferent fibers transmitting via
acetylcholine. However, despite the
idendfication of glutamate, histamine and
other agents as potential afferent
tranomitters, conclusive evidence that
any o these compounds serves as a
primary neurotransmitter is still lacking.

It is important to characterize the
nature of vestibular neurotransmitters
and modulators and their interactions.
Motor learning and motor control require
continuous remodeling (adaptive
plasticity) of neuronal connections and
neurotransmission in central vestibular
pathways. Understanding the molecular
biology and pharmacology of those
processes is an important future goal.

Understanding
Pathophysiology

Our knowledge of the
pathophysiology of many human
vestibular disorders comes from
experimental observations of the
anatomy and physiology of the system
together with careful clinical
observations and pathologic examination

of human temporal bones and the central
nervous system. The various mechanisms
by whick abnormal conditions may
disturb the normal structure and function
of the vestibular system can be
categorized as: traumatic, inflammatory,
degenerative, metabolic or neoplastic.
These mechanisms may affect the end-
organ and/or the vestibular nerve and
brain as indicated below:

Imam to the head may produce
fractures or concussions which affect the
inner ear or brain. Abnormal stimulation
of the end-organ may be associated with
ode capsule fistulization from bone
resorption, change in the density of a
cupula (cupulolithiasis) or an excessively
long stapedectomy prosthesis.

Inflammatory destruction
(labyrinthids) is caused by bacterial or
viral agents and immune disorders.

Degeneration of the end-organ may
be produced by trauma, ototoxic
antibiotics (aminoglycosides) and other
drugs (loop diuretics, cis-platinum),
vascular insufficiency (hemorrhages,
infarction), hereditary disorders (Alport's
syndrome, Waardenburg's syndrome) or
surgical destruction (labyrinthectomy).

Metaboftcdlsorden diabetes
mellitus, hypothyroidism, alcoholism or
Paget's disease affect the vestibular
system. Metabolic alteration (disturbed
labyrinthine fluid composition or
function) is commonly considered to be
the mechanism by which Meniere's
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disease and serous labyrinthitis affect the
vestibular system.

lisasthatisigketgat of the nerve
fibers near the end-organ may be caused
by an intra-labyrinthine schwannoma.

At the vestibular nerve level,
Ingla may be caused by mechanical
compression resulting from arachnoid
cysts, arterial loops and bone tumors.
latlagmmatemakan is recognised as the
pathologic alteration produced by viral
and bacterial agents (vestibular
neurenitie)- ThIEMISDIMELINIMIN are
associated with demyelinating disorders,
such as multiple sclerosis and surgical
transection. Nomdmidkaagnike is most
commonly produced by benign tumors
(vestibular schwannoma) but may also be
associated with metastatic malignancies
from other organs.

A variety of neurogenic disorders
affect balance and different aspects of
brain fianctions related to vestibular
function, such as the control of gaze and
posture. These include hereditary and
developmental disorders (congenital
nystagmus, migraine, Chiari
malformation ); several famillal ataxia
syndromes involving different parts of
the cerebellum; degenerative disorders
(multiple sclerosis, progressive
supranuclear palsies); various neoplastic
lesions; vascular disorders, particularly
of the brain stem and cerebellum
(vascular malformation, Infarctions and
hemorrhages); and autoimmune
disorders, including paraneoplastic
syndromes.
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Recent
Accomplishments

Understanding the
Molecular, Cellular and
Neural Basis of Peripheral
and Central Vestibular
Function
Signal Transduction by Vestibular
End-Organs

Recent technical advances in
membrane biophysics have been applied
to hair cells with the result that we now
have a qualitative understanding of the
events that link the bending of sensory
hair bundles with the modulation of
afferent impulse activity. Detailed
studies in a few end-organs have shown
how the various steps in the transduction
process can be modified so that different
hair cells and afferents become
selectively tuned to certain aspects of the
mechanical stimulus.

Afferent nerve fibers innervating a
particular end-organ differ in their
response properties. By the anatomic
labeling of individual, physiologically-
characterized fibers, it has been possible
to relate this response diversity to the
innervation patterns of the afferents,
including their location in the sensory
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epithelium and the types and number of
hair cells that they contact.

Information has been obtained
about the response of single vestibular
afferent fibers to electrical activation of
the efferent axons originating in the brain
stem. Studies in alert animals have begun
to suggest how efferent activity can
modulate afferent discharge under
physiological conditions. In addition to
classical neurotransmitters such as
acetylcholine, dferent neurons contain a
variety of neuropeptides and transmitters
(metenkephalin and calcitonin gene-
related peptide) that may influence
receptor cells and afferent fibers in the
end-organs.

Reflex Control of Posture and Gaze

Over the past five years
considerable progress has been made in
characterizing the sensory-to-motor
transformations that occur in postural
and gaze stabilizing reflexem

o The patterns of limb, trunk and
neck muscle activation by postural
reflexes have been described and
the ways in which they vary with
context are being explored.

o Descriptions of the dynamic and
three-dimensional spatial
transformations that occur in
vestibulo-ocular and vestibule-
collie reflexes have been obtained.
The patterns of muscle activation
that result have been described and
models have been advanced that

successfully predict the muscle
patterns that are used during the
VOR and vestibulo-collic reflex.

o Information has been obtained in
humans and non-human primates
on VORs and their interactions
with vision in response to linear
acceleration. Eye movement
control has been shown to involve
interactions among otolith, visual
and vergence mechanisms, and
ffirther understanding of such
control mechanisms should lead to
the rationale for quantitative tools
for clinical assessment of otolith
fiinction.

o While understanding of the
neuronal substrates of postural
reflexes is at a rudimentary stage,
great progress has been made in
discovering the neural connections
that mediate the transformations
that occur in gaze-stabilizing
reflexes.

o The structure and function of
vestibulo-ocular relay neurons that
form the middle portion of three-
neuron VOR arcs have been
described In sufficient detail to
reveal how convergent labyrinth:
inputs to these neurons and their
divergent projections to multiple
motor pools could contribute to
reflex transformations. Neural
network models that explore these
possibilities in a formal way are
beginning to appear.

5 )
45



BALANCE AND THE VESTIBULAR SYSTEM

o Beginnings have also been made in
describing the more complex
indirect pathways that contribute
to the VOR and in determining how
both direct and indirect pathways
may be regulated by the
cerebellum.

o Research has begun to define the
biophysics and pharmacology of
neurons in vestibular reflex
pathways.

Sensoty integration in Spatial
Orientation,ftwption and Motion
Sickness

Originally, vestibular reflexes were
conceived as being automatic and not
subject to cognitive control. However,
recent research has shown that we can
use information from vestibular
receptors during movement to determine
where we started from and how far we
have moved. We can also use the
imagined location of near and far targets
to adjust the magnitude of eye movements
that compensate for linear or angular
head movements. Thus, cognitive
processing of vestibular information is
not only important for determining
spatial orientation but also for
establishing proper control of VORs.

Great strides have been made in
understanding the compensatory
responses produced by the otolith organs
during linear head movements by
considering the eye movements that
would be necessary to view real or
imagined visual targets. Slower or faster
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eye movements are required depending
on whether targets are far or near. These
compensatory eye movements even occur
when targets ars imagined in darkness.

Studies of this nature have revealed
that the VOR is not a simple semicircular
canal-mediated response. Instead it
encompasses a broad range of reflex
responses originating from each of the
motion sensors in the labyrinth. Inputs
from these sensors are directed toward
the vestibular nuclei, where they are
integrated with information from the
visual and komatosensory systems and
from proprioceptors to form signals that
direct gaze movements and stabilize
posture and equilibrium. Cerebellar
participation is essential for proper
operation of these vestibular reflexes.

Models of the VOR and of
vestibular compensatory eye movements
have shown that there are at least two
components to the reflex. One operates
rapidly to produce quick changes in eye
position and eye movement in response to
head movement. The other has more
sluggish characteristics but outlasts
impulses of acceleration and is largely
responsible for the characteristics of eye
movements induced by rotation. This
component has recently been shown to be
oriented around gravity. Both
components are subject to adaptation,
and these types of motor learning are
controlled by various portions of the
vestibulo-cerebellum. Lesions of the
cerebellum cause deficits in
compensatory movements, as well as
disorientation and dysequilibrium.
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The current theory of motion
sickness holds that it is a by-product of
the process of adaptation to unusual
sensory inputs or motion conditions. It
has been demonstrated that subjects have
a remarkable ability to adapt to unusual
motion conditions, although the process
of adaptation is often associated with
motion sickness. When adaptation is
finally achieved, the vertigo and/or
motion sickness disappears.

Adaptive Changes in Vestibular
Function

As described above, the vestibular
and balance control systems have the
remarkable ability to maintain useful
function in many novel motion
environments and to adapt to ab..)-Jrmal
function of one or more of their
components. The ability of these systems
to adapt systematically sensory, neural
and motor components in order to
achieve useful compensation must be
more thoroughly understood. Advances
in vestibular health care, particularly
rehabilitation, should be developed from
sound scientific concepts. Therefore, the
significance of central nervous system
phenomena associated with the adaptive
process (such as neural sprouting,
reactive synaptogenesis and long-term
potentiation or depression of synapdc
transmission), which are thought to play
important roles in adaptive control, must
be measured and correlated
systematically with behavior. Some
accomplishments that have opened
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exciting new areas of investigation
includin

o The essential role of adaptive
plasticity in normal ffinction of the
vestibular system has been
recognized. This system is unusual
in that it is not static. It is
constantly changing in response to
changes in the environment or
internal elements (for example,
inner-ear or central nervous system
diseases).

o Neural pathways that may play a
role in adaptive changes have been
identified. As indicated above,
there ars several possible models of
the neural basis of VOR plasticity.
Information is also beginning to
emerge about the neural changes
that accompany recovery from
unilateral labyrinthectomy.

o The pharmacologic aspects of
adaptive changes and their roles in
transmitter synthesis as well as the
release, number and sensitivity of
receptors have been described.

Research from both U.S. and Soviet
space flights has shown alterations in eye
movement and postural control, as well
as in perception of spatial orientation,
both during flight and after return to
Earth. It appears that tbe plasticity of
vestibular reflexes, for the most part,
allows adaptation during short duration
missions, but the effects of vestibular
system performance after long exposures
is unknown. The precise characteristics
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of adaptive plasticity in this unique
environment and the vestibular function
involved in readaptation to Earth's
gravity after long-duration exposure to
space renudn unknown. Vestibular and
balance system adaptation to altered
gravito-inertial environments has not
been measured systematically.

Related Topics

Development end Aging

Recent work suggests that a
synchrony may exist between structural
maturation of the vestibular end-organs
and central vestibular nuclei. In recent
developmental studies of the vestibular
system, classical approaches have been
supplemented with molecular biological
probes and innovative techniques. For
example, connectivity of the vestibulo-
ocular and vestibulo-spinal pathways has
been studied by the application of
fluorescent dyes (e.g. Lucifer yellow,
carbocyanine) in brain slices and on
cultured brain stem and spinal cord
preparations; immunocytochemical
probes are used to exandne the vestibular
pathways and the maturation of otolith
organs; and brain slice preparations are
employed to obtain membrane and
synaptic properties o Jeveloping
vestibular sensory neurons.

From the combination of electron
microscopic methods and tract tracing
techniques, we are beginning to
determine the steps in the assembly of
synaptic inputs to the vestibular brain
stem nuclei. Specifically, the first
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synapses formed in the chick's lateral
vestibular nucleus are not formed by
primary vestibular fibers but appear to
be derived from fibers of central origins.
It is important to determine the steps in
the assembly of various synaptic inputs to
vestibular neurons in order to test what
role synaptic formation may play in
orchestrating developmental events.

The aging vestibular system also
shows interesting changes in the
structure of sensory and non-sensory
components. Senescence has long been
associated with increased vestibular
dysfunction in older subjects who have
more difficulty with vestibular test
performance than younger subjects.
Animal studies indicate that neural
vestibular components in the ear and
brain tend to accumulate a so-called
aging Pigment or lipofusein. This and
related substances, accumulated during
the process of aging, may place a burden
on the normal functioning of neurons and
may diminish their response to functional
demands. The characteristics of
structural, functional and behavioral
modifications of the aging vestibular
system need to be studied. We need to
determine if diminished efficiency with
age is due to irreversible preprogrammed
cessation of function or to reversible
cellular modifications.

Neural Modeling

In the past decade, there has been
increasing interest in mathematical
modeling of vestibular systems at the
level of the end-organ, neural pathways
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and reflex behavior. Models are
important because they formalize
concepts, organize data and predict
responses. Modeling reflex behavior by
applying control system analysis, as
developx1 and used in electrical
engineering, has been augmented by
developing mathematical descriptions of
the functioning of parallel neural
networks. This conceptual advance is
important because it shows that it is
possible to reproduce neural behavior by
layers of interactive adapting elements.
The vestibular system is a natural entry
point for the use of such models linking
biological and theoretical neural network
approaches.

It is not sufficient merely to set up
neural networks with a multitude of
parameters and adapt them to fit
arbitrary data. Studies need to be
conducted to derive learning algorithms
from fundamental principles that are
consistent with mathematically-
formallted, behavioral constraints. Using
realistic models of cellular dynamics as
derived from pharmacodynamics could
also be helpful in uncovering tbe
principles that govern behavioral
learning in the vestibular system such as
adaptation and habituation.

Neurotransmitters and
Molecular Biology

Considerable progress has been
made in identifying the
neurotransmitters involved in the
vestibular system. The field of potential
primary hair cell neurotransmitters has

been narrowed to glutamate-related
excitatory amino acids. The transmitters
liberated from the eighth nerve fibers
onto brain stem neurons have not yet
been specified, but the inhibitory
transmitters of the vestibular
commissural systems include gamma-
amino-butyric acid and glycine. Since
data from recent studies on other systems
indicate that several neurotransmitters
may coexist in the same synapse, this
possibility should be investigated in the
vestibular system.

Advances in Diagnosis

Thoughtful history taking based on
a knowledge of the anatomy, physiology
and pathology of the vestibular system
provides the core of diagnostic
information necessary for clinical
practice. This information is enhanced
by tests which describe the integrity of
vestibular reflexes.

Testing - Physical

Advances in modern technology
have made the evaluation of vestibular
patients a quantitative science. Because
the VOR is the best understood vestibular
reflex, scientists have taken advantage of
the reliability of eye movement
measurement to develop a battery of
vestibular function tests to study the
integrity of the various VORs.

The function of the cristae of the
horizontal semicircular canals, sensors
for angular acceleration, can be

V" I
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measuret , with the caloric test by
irrigating, under precisely controlled
conditions, the external war canal with
water at different temperatures. The
resulting eye movements can be
accurately and efficiently measured with
the aid of small laboratory computers.

Other methods of evaluating
semicircular canal function include the
use of rotary platforms and
measurements of VOR responses to
obtain precise information about the
relationship between stimuli and reflex
eye movements.

The function of the linear
acceleration sensors of the ear (the
otolithic organs) has been measured by
observing ocular reflex responses to
stimulation with various devices
including the ptrallel swing. Also, the
evaluation of balance has improved
greatly with the use of platforms which
measure movement of the patient's center
of mass with sensitive force transducers
whose signals are analyzed by computer.

The contribution of the visual
system to orientation is evaluated by
measurement of visual oculomotor
reflexes, including the use of tests for
smooth pursuit function and optokinetic
nystagmus. These tests evaluate the
ability of patients to follow small visual
images (the smooth pursuit system) or the
movement of large visual scenery
(optokinetic function). The most
revealing information is obtained by
combining visual with vestibular
stimulation as described above. Given
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the extent of neural pathways subserving
vestibulo-ocular and visuo-oculomotor
reflexes, information from these tests
provide methods to evaluate large areas
of the brain. The combination of such
tests in the modern vestibular test battery
has allowed the identification of the
location within inner ear or specific brain
regions of vestibular lesions, a
quantitative estimate of the magnitude of
the deficit and the ability to follow the
course of the disease. Usend features of
these tests are their non-invasive nature,
their ease of administration and minimal
discomfort for the patient.

In addition to these standard tests,
new tests are being developed in animal
studies and being investigated in humans.
Several of the new human vestibular tests
are designed to evaluate anterior and
posterior semicircular canal fUnction (in
addition to horizontal canal function) by
rotating subjects about different axes to
optimize stimulation of the specific
canals. A problem associated with
attempts to activate vertical canals is the
simultaneous stimulation of the otolithic
organs and the complexity of measuring
the resulting eye movement. New
methods, such as video-based monitors,
are being developed to deal with the
latter problem.

Of all the available vestibular tests,
only the caloric test allows specific
location of a lesion in one of the ears. All
other tests using physiologic stimuli
represent the response of a multiplicity of
nerve centers. In recent years, however,
animal experiments have provided
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information that suggests the possibility
of evaluating lesions specifically located
in the vestibular nerve. Vestibular-
evoked potentials have been obtained
from the nerves of the semicircular and
otigith organs in several animal species.
Responses from direct electrical
stimulation of the vestibular nerve also
have been obtained in animal and human
experiments.

A major deficiency is the lack of
tests for otolithic and proprioceptive
reflexes. Tests are being developed to
evaluate these systems under operational
conditions in freely-moving animals and
human subjects. There is interest in the
evaluation of heat and eye interactions in
humans with normal and abnormal
vestibular function. Also lacking are
tests for the quantitative evaluation of the
subjective sensation of motion and of
dbziness in patients.

Also, there are no tests that allow
the physician to assess the possible role of
neck muscle or bone lesions in the
production of dizziness, vertigo or
postural imbalance.

Testing - LaboratogyiRadiology

Tests for antibodies to inner-ear
antigens have recently been developed
and appear to help in the diagnosis of
inner ear autoimmune disease.

Fine resolution imaging has
improved with the development of better
software and technology for both
computed tomography (CT) and

magnetic resonance (MR) scanning.
Improved use of contrast and speed of
image acquisition have made it possible
to detect smaller lesions and permit
dynamic CT/MR scanning to evaluate
blood flow in small regions of the central
nervous system. The development of
techniques fob imaging the individual
receptors in the labyrinth would improve
diagnosis and understanding of the
disease process.

Advances in Treatment
Medical Therapy

Advances in basic research have
identified probable transmitters and
receptor sites in the vestibular periphery
and central connections. These findings
have not only led to clinical trials of
transmitter agonists and antagonists but
have also resulted in the realization that
most pharmacologic agents with
potential central nervous system activity
may interfere with normal vestibular
fUnction. For example, long-acting
sleeping pills and tranquilizers are now
recognized as a major cause of injuries
from falling in nursing home patients.

Clinical trials of antihistamines,
anticholinergics and phenothiazines with
improved experimental design have been
conducted, and these agents appear to be
helpful in relieving the symptoms of
vertigo. Unfortunately, these agents have
side effects such as drowsiness and dry
mouth and eyes.

5 6
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The reduction of symptoms,
presumably related to increased
endolyinph fluid, with systemic diuretics
appears to be helpful, at least bi the early
stages of Meniere's disease.

Further studies using systemic,
transtympanic or intralabyrinthine
aminoglycosides show good results in
reducing vertiginous attacks in patients
with Meniere's disease but have the
potential side effects of loss of hearing or
severe loss of vestibular function and
oscillopsia (a condition in which objects
appear to move up and down or from side
to side).

The recognition of the relationship
between associated disorders such as
depression, anxiety attacks and panic
attacks and vestibular disorders suggests
the need to investigate these disorders as
well. Recent advances in the
pharmacologic control of these disorders
is encouraging.

Surgical Therapy

Surgical treatment strategies in
peripheral vestibular disorders may be
grouped into ablative and non-ablative
protocols. Ablation procedures relieve
the balance symptoms by denervating the
altered labyrinth without correcting the
lesion. These procedures are 90 to 99
percent effective in relieving episodic
dizziness provided that the ablation is
complete. If hearing is not useful in the
unilaterally-diseased ear,
labyrinthectomy (transcanal or
transmastoid approach), is a short,
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relatively-safe technique. If there is
useful bearing in an unilaterally-affected
ear, selective vestibular neurectomy, via
a middle cranial foam (MF) or posterior
cranial fosse (PF) approach, is now the
accepted procedure. The MF approach is
technically more difficult and is
associated with a higher incidence (25
percent) of temporary facial nerve
weakness than the PF approach.
However, it has a higher success rate (95
to 98 percent) for vertigo control than the
PF method (90 to 90 percent) because of
the natural separatinn of the vestibular
and auditory nerves in the internal
auditory canal. The separation of these
two groups of fibers in the posterior fosse
section of the eighth nerve is arbitrarily
created by the surgeon.

Selective transection of the
posterior ampullan ':singular) nerve has
been successful in more than 90 percent
of patients with chronic disabling
positional vertigo (cupulolithiasis).
Assockted sensorineural hearing loss
has occurred in fewer than five percent of
the cases.

Non-ablative procedures correct
th p nithologic derangement responsible
for altered vestibular function. Several
examples of these arm removal of chronic
inflammatory tissue (cholesteatoma) from
a bony semicircular canal fistula,
removal of an excessively long
stapedectomy prosthesis, removal of
chronic inflammatory tissue from the
oval and round windows and repair of a
perilymphatic fistula in the oval or round
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windows caused by direct or indirect
trauma.

The efficacy of vessel loop
relocation from the intracranial portion
of the eighth nerve has been variable and
remains undetermined at this time.

Rehabilitation

The use of exercises to improve
gaze and postural stability in patients
with vestibular disorders has become
increasingly popular in the past five
years. The exercises are based in part on
anecdotal evidence of improved function
in patients following exercise
intervention. The exercises are also
based on the results of animal research
demonstrating that visuo.motor
experience can increase the rate of
recovery following unilateral vestibular
loss and that preventing visual inputs or
movement can delay the onset of
recovery. Research on human subjects is
in progress, but the results are not yet
known.

Outcome measures of treatment
efficacy include many of the standard
methods for quantifying balance but are
often dependent on subjective reports. A
questionnaire that measures the patient's
perception of the extent to which the
vestibular or balance disorder is
handicapping has been developed and
validated.

Program Goals

There Is a need to expand the
knowledge of normal and abnormal
structure and function of the vestibular
system using recently developed
techniques in a broad spectrum of
scientific disciplines. Scientists must be
trained and research support provided to
establish a knowledge base
commensurate with other fields of
medicine. In order to achieve this goal
there must be increased study of both
human pathologic material and animal
studies.

Understanding the
Molecular, Cellular and
Neural Basis of Pherigheral
and Central Vestibular
Function

Sensorimotor systems such as the
vestibular system depend upon the
integration of information from many
sensory sources which must be
transformed to control many different
muscle groups, thus posing a unique
experimental challenge. Vestibular
functions, especially those involved in
stabilizing gaze, are sufficiently simple
and stereotyped in their action to raise

r 0o a
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the hope that vestibular research will
yield the first breakthrough in
understanding a complete sensorimotor
system and major advances in
understanding clinical problems. To
achieve this goal a broad array of modern
molecular, pharmacological, biophysical,
anatomical, physiological,
psychophysical and kinesiological
techniques need to be mobilized to study
the system at the subcellular, biophysical,
neural circuit, perceptual and behavioral
levels. Data obtained from these studies
must be integrated into detailed
computational models that will permit the
knowledge of the system to be tested and
used to predkt outcomes of new basic
and clinical experiments.

Signal Transduction by Vestibular
End-Ors ins

At the level of the vestibular end-
organs, the overall goal is to understand
the response of vestibular nerve fibers in
terms of cellular mechanisms, which in
turn must be related to cupular and
otolithic membrane dynamics. This
understanding will require detailed
studies of the sensory epithelium,
including hair cells and their afferent and
efferent innervation. Since afferent nerve
fibers which innervate different parts of
an end-organ vary in their properties, it
will be important to study mechanisms on
a regional basis. The following goals
have been identified:

o Use advanced imaging techniques
to study the mechanics of the
cupulae and otolithic membranes
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and the hair bundle attachments to
them. Relate the mechanical
properties to the physical and
molecular properties of these
structures.

Relate the biophysical preperties of
the transduction channel to the
ultrastructure of the hair bundle
and to biochemical events taking
place in the cilia. Develop the
biochemical techniques needed to
isolate and characterize the
molecular components of the
transduction channel and the
associated regulatory proteins.

o Characterize the biophysics and
cellular biology of hair cells and
afferent terminals, relating them to
their location in the sensory
epithelium and to the structure of
the hair cells (Type I or Type ID.

o Study the pharmacology and
biochemistry of afferent and
efferent neurotransmitters. Use
recently developed techniques of
chemical neuroanatomy to
determine if there are several
populations of afferent or efferent
neurons which are distinguishable
on the basis of their transmitter
biochemistry.

o Define the role of efferent neurons,
including an analysis of the effects
of efferent activation on receptors
and afferent synapses. Afferent-
efferent interactions need to be
understood in terms of electrical,

5 9



BALANCE AND THE VESTIBULAR SYSTEM

chemical, metabolic and
neuromodulatory mechanisms. Use
alert animals to determine the
behavioral ccmditions that lead to
changes in efferent activity, to
characterize the profile of the
resulting changes and to
invesfigate their influence on the
end-organ.

o Develop experimental models for
peripheral vestibular dysfunction,
taking advantage of species
differences and genetic variations.

o Characterize the mechanisms
regulating fluid, electrolytes and
metabolites of the inner ear.

Reflex Control of Posture and Gaze

There is a need for further
understanding of the reflexes associated
with posture and gaze at the neural
circuit level, including the basic reflex
connections and the more complex
pathways that supplement and modulate
their actions. The overall goal is to mount
a comprehensive, interdisciplinary
initiative to understand the function of
these critical reflexes. Some specific
goals arc

o Undertake a comprehensive
analysis of the neuron populations
that participate in gaze-stabilizing
reflexes in order to correlate their
biophysical and pharmacological
properties with their structure and
function.

o Identify with anatomic and
physiologic techniques the neural
substrates of vesdbular reflexes
acting on neck, axial and limb
musculature.

o Develop computational models that
will foster understanding of how
populations of neurons can
implement postural and gaze
reflexes.

o Determine at the behavioral level,
which strategies the central
nervous system uses to control
movement and posture. Define the
relative roles played by sensory
inputs from semicircular canals,
otolithic organs, neck muscle
proprioceptors and the eyes in
determining the dynamic and
rpatial characteristics of
movement.

o Determine the discrete or
continuous nature of sensory-to-
motor transformations in postural
reflexes of animal and human
subjects. Undertake experiments to
record neural activity related to
these reflexes in animals.

o Define the mechanisms underlying
otolithic organ control of eye
movements and how they are
integrated with visual mechanisms,
particularly during linear
accelerations that occur during
normal behaviors, such as
locomotion and postural sway.
Determine how otolithic organ and

) 55



BALANCE AND THE VESTIBULAR SYSTEM

semicircular canal control of eye
movements interact during the
complex motions that include
components of linear and angular
modon.

o Develop tools for the quantitative
assessment of otolithic organs'
function in normal persons and in
those with clinical indications of
vestibular malfunction.

Sensoty Integration in Spatial
Orientation, Perception and Motion
Sickness

Natural Motion Versus
Passive Motion

The role of the VOR is to stabilize
gaze so that images can be held on the
retina and seen. To date, most studies of
the VOR have been performed by
rotating subjects with their heads and
bodies fixed. However, the vesdbular
system works in freely-moving
individuals who are changing both head
and eye positions. Although it is
technically difficult, it is essential that we
address the problem of gaze stabilization
in freely-moving subjects to gain a full
appreciation of the range and capability
of the vestibular system. Only when we
study the vestibular system in its natural
state will we begin to understand the
nature of the deficits that occur after
unilateral and bilateral peripheral
vestibular disease and central vestibular
or cerebellar disease or in aging. These
studies should be conducted in animal
and human subjects who are engaged in
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full-body movement while their eye and
head movements and single-unit activity
from the brain stem are monitored.
Reactions produced by controlled-
passive head and body movement should
be compared with reactions in freely-
moving subjects.

Processing and Modeling of
the Vestibulo-Spinal System

A particularly important aspect of
otolithicvestibular, nuclear and
vesdbulo-cerebellar processing is that
information about upright stance and
balance is created from otolithic organs
and other signals that provide a sense of
the upright and from the feedback
information from joint and muscle
proprioceptors. It is critical to have a
better understanding of the various parts
of the vestibulo-spinal system. At least
part of the problem is that there has been
little attempt to model the vesdbulo-
spinal system other than to predict
muscles that would be activated by
individual semicircular canals during
natural head movements. We need
dynamic models that match the
characteristics of the output signals to the
characteristics of the body part upon
which the vestibular signals operate.

Neural Basis for Spatial
Orientation

Orientation in space is a complex
function that involves the vestibular
system as well as cerebral structures and
cognition. The neural basis for spatial
orientation is poorly understood. and
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promising leads obtained from blood flow
studies, single-unit studies and the results
of specific lesions should be pursued to
enlarge our conceptual models of this
important area.

Motion Sickness

Central nervous system changes in
cellular and hormonal activity associated
with motion sickness must be
characterized in appropriate animal
models and humans.

Adaptive Changes in Vestibular
Function

If we are to harness the capabilities
of the adaptive system to optimize
vestibular function at all ages and to
restore function after peripheral or
central lesions, we must more &By
understand its operation at the
behavioral and neural levels.

At the behavioral level we need to:

o Develop an understanding of the
physical stimuli that govern
adaptive behavior. For instance,
evaluate the relative roles of inputs
from central versus peripheral
retinal receptors, inputs from
various vestibular end-organs and
inputs created by active versus
passive motion.

o Understand what aspects of such
vestibular performances as reflex
size or timing, perception of space
or motion and regulation of static

and dynamic posture can be altered
by the adaptive system.

o Investipte the ability of the
vestibular system to adapt to
special environments, such es
under water, aigh performance
aircraft and the various conditions
of space flight.

At the neural level, we must define
the anatomical, physiological and
biochemical changes in specific neural
circuits that underlie adaptive behavior
and develop models for systematic
investigation (dhow such neural changes
can contribute to compensation for
functional deficits in the vestibular
system. Three sequential goals for
achieving this are:

o Determine at which site(s) the
neural changes responsible for
adaptation occur using anatomic,
kistologic and physiologic
techniques.

o Analyze the biophysical,
pharmacological and molecular
bases of these changes and evaluate
the possibility of manipulating
them therapeutically.

o Develop neural network models
which determine whether the
observed neural changes are
sufficient to explain adaptive
vestibular performance and to
predict the effects of various
therapeutic interventions on
adaptive performance.
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In addition, further research is
necessary to understand the cellular
source of the slow and rapid components
of the VOR, how the different areas of the
vestibulo-cerebellum are interrelated and
the cellular mechanisms of their action.
An understanding of the motor learning
that is invo'sved in control of both the
rapid and slow components of the VOR is
likely to involve an understanding of how
the mossy fiber input and climbing fiber
systems originating in the inferior olive
interact with Purkinje cells. Only when
these interactive loops are understood
will we be able to model and predict the
adaptive capability of individuals to alter
their responses to changing visual and
vestibular inputs, including altered
gravitational environments and after
unilateral and bilateral disease of the
labyrinth.

Model validation must proceed at
all levels (neural, sensory, motor,
perceptual and behavioral). Modeling is
an excellent way to organize our thinking
about the dynamics of the interactions we
seek to understand. New and potentially
more powerful approaches to
mathematical modeling are to be
encouraged along with continued
reexamination of existing models in the
light of new experimental data.

Related Topics

Development and Aging

A central issue in developmental
neurobiology is the interdependence of
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axons and the neurons they innervate
and how this relationship is influenced by
grswsh, experience, injury and aging. To
understand assembly of the vestibular
system, systematic studies are required to
define the sequence of innervation and
synapse formation on central vestibular
neurons. Specific issues are:

o Study the onset of signal processing
in the vestibular system during
development and the
correspondence between
peripheral and central structural
changes leading to the onset of
vestibular function.

o Determine the role of
neurotransmitters and neural
activity in vestibular neuron
development (at the level of
identified cells).

o Study the emerging membrane
properties of identified vestibular
neurons.

o Study the responses of developing
vestibular neurons to vestibular
and non-vestibular stimulations.
Studies should be performed on
both normal developing neurons
and those in partially-deafferented
brains.

o Compare the morphogenetic and
electrophysical relations between
vestibular axons and Type I and
Type II hair cells in the end-organ
and examine how peripheral
structure changes during
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synaptogenesis in the developing
labyrinth.

o Compare central nervous system
and peripheral nervous system
synaptic interactions to determine
what factors influence development
at different ages, focusing on
critical periods of development.

o Determine the onset and
progression of sensory integration
of inputs from specific vestibular
end-organs to vestibular neurons in
the brain stem. This dme course
should be related to the functional
changes in vestibulo-ocular and
vestibule-spinal reflexes as a
fUnction of age.

o Determine the behavioral changes
associated with the aging process
and design strategies for preventive
and rehabilitative intervention.

o Determine the anatomical and
biochemical changes associated
with aging at various parts of the
reflex. This study should include
the quantification of cellular
changes in the receptor organs
(sensory and supporting
structures), primary afferents,
vestibular nucleus neurons and
motor efferent elements.

o Study the differential role of aging
in the various cellular elements of
the vestibular reflex to find familial
and idiopathic causes of premature

aging in the inner ears and central
vesdbular centers.

o Use animal models, including
mutational variations, to elucidate
the causes and course of the aging
process.

Neural Modeling

Impressive strides have been made
in understanding areas of the vestibular
system where it has been possible to
model the neural input and output,
thereby formalizing the transfer
functions that are performed by the
central nervous system. There is a
continuing need to model the VOA and
perceptual-motor responses to various
combinations of semicircular canal and
otolithic organ stimulation. In addition to
animal models and human pathologic
material, concentrated efforts must be
made to develop mathematical and
computer models to complement and
supplement ongoing experiments.

Wherever possible, strategies that
the central nervous system uses to control
movement and posture should be defined
using mathematical and computational
paradigms and models at the behavioral
level, as well as at the level of neuronal
networks and single neurons. Specific
goals are tix

o Develop mathematical and
computer models for systematic
integration of the knowledge base
on vestibular function and
adaptation into a formal
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understanding of the function of
vestibular neural networks.

o Develop cooperative studies to
investigate vestibular and balance
problems in special environments,
such as underwater, aviation and
aerospace. Incorporate
mathematical-computer modeling
of vestibular systems with the goal
of integrating experimental
knowledge into a theoretical
understanding of the brain as a
neurocomputer.

o Seek experimental verification of
models under simple as well as
complex conditions of motion.

Neurotransmitters and
Molecular Biology

The molecular properties of
neurotransmitters of the vestibular
system should be investigated.
Multkilsciplinary approaches should be
combined in the same animals, whenever
possible, in order to delineate cause and
effect relationships. Use should be made
of animal and human material to study
the presence of neurotransmitters in
adult subjects as well as during
development. Modern techniques for
neurotransmitter identification (e.g., W.:
Ehat hybridization) and immunochemistry
should be combined to elucidate the
synaptic processes and their
development. Specific questions
requiring investigation era
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o Characterize molecules released in
response to electrical and chemical
stimulation with pharmacologic
and molecular techniques.

o Examine molecular changes that
accompany documented and
measurable deficits tgaikg and in
animal models to determine their
relationship to the deficits, causal
or not, and their mechanism of
action.

o Document coexistence of multiple
molecules with neurotransmitter
and neuromodulator properties in
individual neurons . Their
interactions should be investigated.

o Perform experiments using agonist
and antagonist substanctts to
presumptive neurotransmitters
using kudin and la lAys
preparations.

o Develop monoclonal and polyclonal
antibodies to newly-identified
neurotransmitters to determine
their cellular localization by means
of immunocytochemistry.

o Study changes in gene expression
in vestibular neurons during
development, aging and plastic,
adaptive alteration of vestibular
ffinction.
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Understanding
Pathophysiology
o Acquire human tissues such as

temporal bone and central nervous
system structures from normal
subjects and patients with
documented vestibular symptoms
and study the tissues by means of
iight microscopy, transmission
electron microscopy, scanning
electron microscopy and
cytochemleal methods.

o Develop and study animal models
to provide insight into diseases that
currently are incompletely
explained, such as vessel loop
compression of the vestibular nerve
and metabolic effects of endocrine
disorders.

o Study the effects of compromising
the blood supply to vestibular sense
organs. This study should be
preceded by a description of the
vascular supply and flow to the
vestibular labyrinth.

o Study the effects of specific
vestibular lesions in animal models.

o Encourage young histopathologists
and provide training in peripheral
and central vestibular system
pathology.

Needs in Diagnosis

The overall objective of vestibular
testing is to utilize an efficient battery of
tests to determine the site and severity of
a lesion. This battery should be a quick,
efficient set of tests that minimize the time
and cost to the patient and optimize the
diagnostic value to the physician.
Research goals in this area include the
need tcx

o Develop standards, by age group,
for the more commonly used
diagnostic tecbliques including
caloric, rotational and
pesturographic tests. No
acceptable or standardized
methods have been established for
these tests and variations in the
methods used in different centers
make it difficult to compare results.

o Use animal models and human
subjects to develop new tests to
evaluate all the recognized receptor
organs in the vestibular apparatus.
In particular, there is a need for
simple and reliable tests of otolithic
organ functions. There Is a similar
need for tests of vertical
semicircular canal function.

o Develop psychophysical methods
for evaluation of vestibular
function in health and disease.

o Develop tests for alteration in neck
and vestibular function and neck
and vestibular interactions.

o Use animal models to study the
pathophysiology of disease

C
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processes, suth as Meniere's
disease, vestibular neuronitis,
positional vertigo, benign
paroxysmal positional vertigo,
unilateral and bilateral
hypefunction and ototoxicity.

o Conduct serial studies of changes in
vestibular test results in patients
with well-defined pathologic
processes including evaluation of
the process of compensation and
resulting changes in reflexes.

o Investigate the effect of
pharmacologic therapy on the rate
of recovery produced by
compensatory processes.

o Develop diagnostic procedures to
evaluate vestibular developmental
processes by the study of patients
with developmental disorders and
animal models of genetic disorders
with abnormal receptor function,
e.g., use of animal mutants without
otoliths.

o Investigate the pharmacologic,
molecular and genetic basis of
inner-ear disorders.

o Develop biochemical and
histological methods to detect
immunologic, autoimmune and
neoplastic abnormalities in the
inner ear and eighth nerve.

o Compare results of observations
made in patients with central
vestibular disorders to those made
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in patients with disorders of visual
and motor function such as
congenital nystagmus, other
abnormalities of ocular stability
and ataxic syndromes secondary to
cerebellar degeneration using
brain stem evoked response, visual
evoked response and neural
conduction velocity tests .

o Use postmortem material to
confirm presumed flagnosis on
longitudinally-well.studied
patientx evaluate test results for
the identification are known cause
of disease; study patients with
unknown causes; and investigate
immunologic and molecular
changes in the inner ear and central
nervous system of patients with
vestibular disorfsers.

Needs in Treatment

Medical Therapy

The goals of current medical
therapy are to relieve symptoms and
ameliorate aberant signals from an
abnormal peripheral vestibular organ.
Presently, all medicines which suppress
vertigo and the associated autonomic
symptoms have important side effects.
They cause drowsiness, dry mouth and
eyes and may interfere with normal
central nervous system function.
Therapeutic agents with greater
specificity need to be developed. These
developments should result from basic
science experiments, for example
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employing monoclonal antibodies to
locate specific receptor sites within
vestibular pathways. Work should be
continued on the following topics, and
specific goals are !ex

o Investigate neurotropic agents
such as nerve growth factor and
thyroid and adrenocortical
stimulating hormones, showing
some promise but not yet having
been sufficiently evaluated to be
recommended for clinical use.

o Determine the possible deleterious
effect of vestibulo-suppressive
medications on rehabilitation.

o Compare prospectively the effects
of ablation with the effects of
aminoglycosides.

Surgical Therapy

Work should be continued on the
following topics, and specific goals
are tcn

o Evaluate, in carefully controlled,
clinical studies, the effectiveness of
controversial procedures, such as
vessel loop relocation, perilymph
fistula "repair" and canal
"plugging" for benign paroxysmal
positional vertigo. Animal models
with documented histopathologic
correlates of these lesions should be
employed as welL

o Examine the anatomic and
physiologic aspects of the central

compensatory events that follow
labyrinthectomy and vestibular
neurecWmy in animal models.
Short- and long-term assessment of
these changes may help to
determine the optimal therapeutic
procedure.

Rehabilitation

Work should be continued on the
following topics, and specific goals
are tix

o Determine whether exercise
enhances vestibular rehabilitation
and/or improves the level or rate of
recovery in patients with vestibular
disorders using prospectively-
controlled studies which quantify
changes In vestibular function. The
exercise approaches used should be
founded on knowledge of the
normal anatomy and physiology of
the vestibular system and may be
specific for different disorders.

o Develop outcome measures for
assessing treatment efficacy,
including postural responses.

o Investigate the effect of co-
morbidity on recovery following
vestibular lesions, especially the
effect of disorders that affect the
visual and somatosensory systems.

o Determine the adaptive capability
of the vestibular system in young
and old subjects and patients with
various vestibular disorders,

Cs
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Research
Opportunities

Major Basic Scientific
Opportunities

There are five broad, high-priority
areas for basic vestibular research:
signal transduction by vestibular end-
organg reflex control of posture and
gaze; sensory integration in spatial
orientation, perception and *lotion
sicknesg adaptive changes in vestibular
AinctIon; and development and aging of
the vestibular system. Within each area
opportunities exist for research at the
levels oft behavior, kinesiology and
biophysicg anatomy and physiology;
cellvtlar properties, biophysics and
4114,4. tkollstn; pharmacology, molecular
bite igy and geneticig and mathematical
and computer modeling. These
opportunities can be summarized as
follows:

Signal Transduction by Vestibular
End-Organs

Important goals are to understand
how vestibular end-organs convert head
movements into neural signals and to
determine the way in which this
conversion is modulated by efferent
projections from the brain to the end-
organs. Research is needed to:
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o Describe the motions of the cupulae
and otolithic membranes in
response to head movements and
examine the possible role of hair
cell motility in modifying these
motions.

o Determine the distribution and
organization of otolithic organ and
semicircular canal inputs to the
vestibular nuclei and cerebellum
and elucidate the fanction of the
vestibular efferent system in
behaving animals through
anatomic and physiologic research.

o Characterize the biophysical
properties of hair cells and afferent
fiber terminals. This research
should include studies of the hair
cell transduction channel, the
basolateral currents within hair
cells and the efferent actions on
both hair cells and afferent nerve
terminals.

o Conduct molecular biological
studies which isolate and
characterize the molecular
components of the transduction
channel and associated regulatory
proteins.

o Identify neurotransmitters which
mediate peripheral vestibular
function .

o Investigate metabolic requirements
of the sensory organs and neurons
in the inner ear and the
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mechanisms of production of inner-
ear fluids and transduction
elements (cristae and maculae).

o Develop dynamic models that
predict and explain patterns of
afferent fiber activation on the
basis of anatomical and biophysical
properties of end-organs.

Reflex Control of Posture and Gaze

The goal is to understand the
structure and funcdon of neural circuits
that transform vestibular sensory input
into the motor output required for control
of posture, locomotion, fine motor
activities and gaze. Research is needed
to:

o Characterize the behavioral
strategies and neural mechanisms
used to determine posture and gaze
during active and passive motion
and during combinations of linear
and angular acceleration in three
dimensions. Studies are also
needed to define the effect of
exposure to altered gravito-inertial
fields on vestibular reflexes and
their potential clinical
consequences.

o Characterize the anatomic and
physiologic properties of neuronal
pathways that constitute the
vestibular system in animal models
and normal humans. It is especially
important to idendfy pathways
involved in vestibular reflex control
of neck, axial and limb muscles and

to determine the signals they carry.
Emphasis should also be given to
understanding the neural
substrates of otolithic organ
reflexes and postural stabilization.

o Correlate structure and
cytochemistry of neurons in
different vesdbular circuits with
their response characteristics.

o Characterize the biophysical,
molecular and pharmacological
properties of specifie groups of
relay neurons in postural and gaze
reflex pathways.

o Develop multidimensional models
that explore the neural basis of
dynamic and spatial
transformations in vesdbular
reflexes.

Sensory integration in Spatial
Orientation, Perception and Motion
Sickness

Understanding of the vestibular
system requires knowledge of how
vestibular signals interact with
information from other senses to generate
perceptions, movements and motion
sickness. Research is needed to:

o Describe sensorimotor and
perceptual reactions to complex
combinations of linear and angular
accelerations and determine how
vestibular, visual and
proprioceptive inputs interact to

7 ti
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generate perceptions of space and
body motion.

o Conduct anatomic and physiologic
research to characterize the neural
mechanisms that combine otolithic
organ, semicircular canal, visual
and somatosensory information to
generate percepthal and postural
responses and that generate motion
sickness.

o Characterize the neural and
humeral mechanisms associated
with motion sickness and vertigo at
the cellular and molecular levels.

o Develop models that incorporate
and test the understanding of the
neural basis of postural and gaze
control during active and passive
motion.

Adaptive Changes in Vestibular
Function

Studies of vestibular adaptation
can both reveal basic principles of motor
learning and lead to strategies for
enhancing recovery from vestibular
lesions. Research is needed to:

o Determine at the behavioral level,
both the extent to which the
adaptive system can compensate
for vestibular dysfunction and the
sensory cues that are important in
producing this compensation.
Adaptive changes in both rapid and
slow components of the VOR and in
postural reflexes should be studied.
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o Conduct anatomic and physiologic
research to determine where in the
brain stem and cerebelluM the
neural changes responsible for
adaptive alteration a vestibular
reflexes occur and how these
changes lead to the observed
alterations in behavior.

o Characterize the biophysical
changes that occur at various
neural sites during the adaptive
process.

o Analyze the pharmacologic and
molecular bases at adaptive
changes and the way in which they
depend on expression of molecular
mechanisms such as proto-
oncogenes, second messengers or
humors! factors.

o Develop models that account for
adaptive changes at both the
biophysical and neural circuit
levels.

Development and Aging of the
Vestibular System

Knowledge in this area will both
help us deal with developmental
disorders and age-related declines in
vestibular function and also contribute to
basic understandinr of vestibular
mechanisms. Research is needed ta

o Characterize at the behavioral level
the progression of perceptual and
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reflex function during development
and aging.

o Conduct anatomic and physiologic
research to determine the
mechanism(s) underlying
development of central vestibular
pathways, their relation to
development of pinipheral end-
organs and the ontogenetic
sequences of connectivity between
vestibular neurons and motor and
higher sensory centers in the brain.

o Study bow membrane and synaptic
properties of hair cells and
vestibular sensory and motor
neurons change during
development and aging and
examine the roles of neural activity
and neurotransmitters in
producing those changes at the
cellular level.

o Determine the neurotransmitters
present in vestibular brain stem
nuclei over the course of
development, maturation and
aging.

Major Clinical Scientific
Opportunities

There are six broad high priority
areas for clinical vestibular research:
prevalence and environmental factors;
anatomic, physiologic and molecular
bases; diagnostic methods and testing
procedures; adaptive mechanisms and
medical and surgical therapy. These

opportunities can be summarized as
follows

Prevalence and Environmental
Factors

It is important to develop a better
understanding of disease prevalence and
possible emaciated environmental
factors. Research is needed to:

o Assess the distribution of balance
disorders among different sectors
of tbe population (including age,
gender, genetic background and
fieographY)-

o Identify environmental and
occupational hazards that
adversely affect balance.

o Carry out a demographic study to
evaluate the deleterious effects of
prescription and over-the-counter
medications which may produce
central or peripheral vestibular
alterations.

Anatomic Physiologic and Molecular
Bases

A better understanding of
anatomic, physiologic and molecular
bases of normal and abnormal balance
processes is needed.

o Determine modifications of
neuronal vestibular pathways in
animal and human pathologic
specimens with known vestibular
dysfunction.
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o Analyse the molecular and
pharmacologic properties of
specific groups of relay neurons in
postural and gaze reflex pathways.
The development of these
properties from embryo to adult
vestibular systems should be traced
and changes that accompany aging
examined.

o Determine the coexistence of
multiple neurotransmitters within
single vestibular synapses.

o Determine the excitatory and
inhibitory neurotransmitters in the
vestibular portion of the brain stem
nuclei during development,
maturation and aging.

o Develop animal models to study the
pathophysiology of vestibular
diseases.

o Examine structural changes in
vestibular pathways in animal and
human pathologic specimens with
known vestibular dysfi action.

o investigate the molecular basis of
acquired and congenital inner-ear
disorders in humans and animal
models.

o Study and correlate peripheral and
central pathologic abnormalities
with biochemical and molecular
changes in human subjects with
well-studied disease.

Diagnostic Methods and Testing
Procedures

Improved tests a balance function,
a more standardized method of testing
and research on pathology are needed .

o Develop new tests to evaluate
otolithic organ and vertical
semicircular canal function in
humans, including freely-moving
subjects.

o Develop tests to define the
contributions of neck receptors to
normal gaze and balance function
and to vertigo and imbalance in
pathological conditions.

o Develop new tests for vestibular
function involving non-invasive
recording of neural activity and/or
reflex responses elicited by specific
mechanical or electrical stimuli
that activate vestibular afferents.

o Develop new and improved
methods for the evaluation of
posture under static and dynamic
conditions.

o Develop standards for the more
commonly-used diagnostic tests in
the vestibular test battery.

o Develop improved psychophysical
methods for evaluation of
vestibular function in health and
disease.
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o Develop animal models to study the
reliability and validity of new
vestibular tests.

o Develop methods to detect
immundogic and autoimmune
inner-ear disorders and neoplasms
for the diagnosis of vestibular
system disorders.

o Validate currently accepted
diagnoses or new diagnoses based
on clinical pathologic correlation.

o Conduct serial (longitudinal)
studies of the changes in vestibular
tests in patients with well-defined
pathologic processes.

Adaptive Mechanisms

Adaptive mechanisms play an
important role in normal balance
function, compensation for disease and
rehabilitation.

o Analyze the molecular and
pharmacologic bases of adaptive
changes in the vestibular system.

o Investigate the use of
pharmacologic agents to modulate
changes in adaptive compensation.

o Extend studies of adaptive
behavior to consider the conditions
of unilateral and bilateral
labyrinthectomy in an attempt to
understand the response to
vestibular damage.

o Determine if there is a critical
period for the initiation of
vestibular exercises to facilitate
recovery following the sudden
onset of vestibular loss or
dysfunction in humans.

o Determine the optimal
characteristics of vestibular
stimulation necessary to facilitate
recovery in different vestibular
disorders.

Medical and Surgical Therapy

Medical and surgical therapy is
frequently based on insufficient
determination of efficacy. Standardized
reporting of results is critical, and the
efficacy of treatment should be
determined.

o Perform multi-center, prospective,
controlled clinical trials which:

o evaluate medical therapy for
vestibular symptoms.

o evaluate osmotic or renal loop
diuretics for the treatment of
episodic vertigo .

o compare medical to surgical
ablative therapy in Meniere's
disease.

o Study the pathologic effect of vessel
loop cc apression on the vestibular
nerve and the effectiveness of
vessel loop relocation.

o Study the anatomic, physiologic
and pharmacologic central nervous
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system correlates of neurectomy
(partial and total) compared to
labyrinthectomy in appropriate
animal models.

o Determine the effect of surgical
manipulation of the cochlear nerve
and the facial nerve intracranially
and in the internal auditory canal.
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o Determine the effect of the
peripheral and central molecular,
biochemical and structural changes
following various ablation
procedures, e.g. labyrinthectomy,
and partial and total vestibular
neurectomy.
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Overview
Language is the expression of

human communication through which
knowledge, belief and behavior can be
experienced, explained and shared. The
ability to manipulate language to satisfy
needs and desires and to express
thoughts, observations and values is an
important human pursuit that directly
influences the quality of life for any
individual.

The broad goals of research on
language are to understand the nature of
normal language function, including the
underlying bases and mechanisms
involved. One goal of this work is to build
the foundation necessary to develop and
evaluate intervention and rehabilitation
strategies to improve and enhance the
communication process for individuals
with language disorders. The
understanding of normal language
(whether spoken, signed or written)
provides a basis for comparison in
investigations of language disorders. It is
critical to understand how language is
produced and understood, what its
biological and neural substrates and
organizing principles are, how it is

learned by children and how it is
processed.

For an adequate understanding of
language fUnctioning in children and
adults, research efforts must include all
of the diverse groups that make up
contemporary United States society.
These populations include racial and
ethnic minority groups and groups
categorized in terms of gender, age,
geographic region and social and
economic status.

In the United States, there may be
as many as one half million persons who
were born deaf or who lost their hearing
before they acquired spoken king, age.
In the world at large the number may
approach 10 million. A large proportion
of these individuals use a form of signed
language as their prim_nry mode of
communication. Some use spoken
English exclusively. Many use both.
Research and services related to deafness
must be concerned with the impairment
of auditory language and with the status
of and access to signed or spoken
languages which are perceived visually.

There exists another group of at
least one million people whose hearing
impairment is less severe but was
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acquired during childhood. Most of these
individuals use spoken language as their
primary mode of communication,
although some also use a signed
language. Despite the substantial benefit
of auditory input to such people, their
language acquisition is often
characterized by difficulties not faced by
n ormal hearing people.

Individuals with normal hearing, as
well as those with a hearing impairment,
may exhibit a disorder of language, that
is, a deficit of 'gangue& comprehension,
production or uee sufficient to impair
interpersonal communication. In young
children, these disorders frequently
involve difficulty in the acquisition of the
ambient spoken or signed language and
may also lead to impairment in reading
and writing. In adults and older children,
impaired persons include aphasic
individuals who have lost their previous
levels of language competence as a result
of brain injury.

Language impairments impede
economic self-sufficiency, academic
performance and employment
opportunities. It is estimated that
between sin and eight million individuals
in the United States have some form of
language impairment. In addition to loss
of livelihood, these disorders impose
social isolation and personal suffering on
the affected individuals and place an
enormous emotional and economic
burden on their families and on society as
a whole. These disorders have a life-long
impact on the ability of those affected to
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make their way or even to survive in our
technologically-advanced society.

Disorders of language affect
children and adults differently. For the
child who does not use language normally
from birth or who acquires the
impairment in childhood, the disorder
occurs in the content of a language
system that is not fully developed or
acquired. In contrast, damage to the
language apparatus in adults disrupts a
system that is less malleable in the face of
alaaral damage. Adults with aphasia
commonly have highly-selective deficits
and niore highly-developed
compensatory mechanisms. Neurologic,
physiologic and metabolic differences
between children and adults provide
particular problems and challenges to the
study of language disorders in these
populations. As a result, while the broad
goals of research on language disorders
are similar for children and adults, the
research agendas for these two groups
are considered separately.

Recent
Accomplishments

Multicultural Issues
The majority of children from all

cultures acquire language with little
difficulty, including those who are reared
in multicultural environments. However,
the assessment of disorders within
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multicultural groups can be complicated
by a variety of factors. For example,
individuals who are members of
multicultural populations such as
African-, Asian- and Hispanic-Americans
may be incorrectly identified as language
impaired due to the use of culturally-
inappropriate language assessment
instruments. On the other hand, such
groups are more likely to live in
conditions of poverty, which give rise to
various health and social conditions that
are linked to increased risk of
communication disorders.

There are likely to be pertinent
differences in prevalence, causes and
manifestations of language disorders
among diverse cultural populations. For
example, sickle cell anemia, a condition
associated with an increased prevalence
of sensorineural hearing loss and
neurological impairment, is estimated to
occur in one in every 500 African-
American children. To the extent that
these complications directly influence
language learning, such children are at
considerable risk. Curvent data also
show a very high prevalence of chronic
middle ear disease among Pacific Rim,
Alaskan Native and Native American
populations. The prevalence of
hypertension and diabetes, two of the
primary risk factors fct stroke, may be
higher among low socioeconomic groups.
Thus, there is likely to be an increased
occurrence of aphasia in these groups.

Language disorders have been
found to occur in children with elevated
blood lead levels. The highest blood lead

levels have been found in &Wren living
in low-income households within the
inner cities of large urban areas.

Language Among Deaf
Children and Adults

Language acquisition takes place
naturally for most children; those who
have normal hearing and those who are
deaf with signing deaf parents. Many
deaf children use a natural sign language,
American Sign Language (ASL), which
shares an underlying organization with
spoken language. Recent
electrophysiological findings show that,
in spite of the very different input/output
systems employed, the same areas in the
left hemisphere of the brain are involved
in language tasks in native signers and
speakers of English. However, despite
the ease with which they acquire ASL,
many deaf children of deaf parents have
inordinate difficulty learning to read and
write.

Studies of the acquisition of ASL
suggest that signers acquiring the
language at a later age demonstrate
grammatical deviations from more
standard ASL These deviations persist
even four or five decades after
acquisition has taken place. This finding
suggests the existence of critical periods
for acquiring signed language that
parallel those documented for spoken
language.

Studies of deaf children of hearing
or oral deaf parents indicate that, with

s
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intensive oral training, their acquisition
of spoken language and reading tends to
be superior to that of deaf children with
equivalent levels of hearing impairment
who do not have such training. However,
deaf children of hearing or oral deaf
parents often display substantial delays
learning to read and write.

The dominant pedagogical
methodology employed currently in the
United States in teaching language to
deaf children involves the exposure to
artificial signing systems, which are
intended to represent and model English
and to promote the natural acquisition of
English grammar. Recent research
suggests that deaf children of hearing
parents, when exposed only to artificial
signing systems, develop some
idiosyncratic grammatical patterns that
may not reflect the structure of English or
of ASL.

Another methodology currently
employed emphasises the development of
spoken language exclusively. Some deaf
children exposed to this method
throughout their educational program
achieve English language competence
without the knowledge of sign language.

Cued Speech, a system of
communication which uses simple hand
cues in conjunction with the natural
mouth movements of speech, emphasizes
the natural development of spoken
language. Many deaf people exposed to
this system throughout their educational
history achieve English language
competence.
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Just as speech is one of the basic
building blocks of language for hearing
people, signing is one of the basic
building blocks of language for some deaf
people. Thus, the study of sign language
perception is as critical to an
understanding of the language of many
deaf people as the study of speech
perception is to understanding the
language of hearing people and deaf
people who use auditory and/or visual
means for perceiving spoken language.
Such studies will provide insight into the
nature of language processing in deaf
people and will lay the foundation for
understanding disorders of spoken
larguage that may occur in certain deaf
persons. Comparisons of the processes of
spoken language perception and signed
language perception in normal and
language-disordered hearing and deaf
individuals provide a unique means of
determining those aspects of language
that are independent of the mode (signed
or spoken) of communication. Such
findings may be used to develop
appropriate rehabilitation strategies,
depending upon the nature of the
language deficit.

Studies of the acquisition of sign
suggest that infants are very good at
relating information in one sensory
modality with information in another.
Deaf infants learning a signed language
rely on movement of the hands and arms,
as well as processing by the eye. New
technology for three-dimensional motion
analysis has been developed for the study
of signed language perception, and
investigations are now under way that
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will allow one to separate constraints
imposed by the transmission modality
from more centrally determined factors
in the perception a the basic building
blocks of language.

Central to the understanding of
disorders of spoken and signed language
perception in the hearing impaired is an
understanding a normal processes.
Research advances in the past 10 years
have focused primarily on spoken
language perception in narnud persons
and while many advances have been
made, scientists ate only beginning to
understand fully the nature of the spoken
.and signed language perception process.

For most people, spoken or signed
language, or a combination of the two, are
the ways to express thoughts and ideas
and to communicate with each other.
How spoken or signed language
perceptim interacts with syntactic and
semantic knowledge in language
comprehension is still not understood
The increased availability of precise
instrumented= techniques and use of
more sophisticated research methods
promise to provide a richer
understanding of the nature of spoken
and signed language perception. Largely
through the efforts and cooperation of
many different kinds of scientists (speech,
language and hearing scientists,
engineers, linguists and psychologists)
research on this topic is beginning to
contribute a multi- and inter-disciplinary
perspective to this complex but critical
problem.

Language and Language
Disorders in Children

The study of language acquisition
in normaily-developing hearing children
has provided an important foundation for
research with language-disordered
children. Findings on both the course
and underlying bases of language
development have been reported. lt is
clear from this work that infants have
available at birth, or quickly develop,
many of the perc3ptual, cross-moda1
(auditory-visual) and conceptual abilities
necessary to learn language. Differences
among individual children's language
learning patterns have been identified, as
well as differences in learning according
to the type of language being acquired
(e.g., morphologically-rich like Italian vs.
word-order-dominant like English).
Although much research remains to be
done, the existing knowledge has greatly
facilitated the study of language
impairments.

Language disorders among hearing
children can be discussed in terms of
whether the language difficulties exist in
isolation or in association with other
problems and whether the factors
interfering with language were present
from birth or appeared subsequeu

Many children with isolated
language problems that appear to be
present from birth are given the clinical
label of specifically language impaired
(SLI). These children show normal
hearing, age-appropriate scores on

S2
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standardized tests of nonverbal
intelligence and no overt evidence of
neurological damage. Although U.S.
prevalence data need to be more firmly
established, it I. estimated that
approximately five percent of preschool
children fall into this clinical category.

Although SU children do not show
signs afraid' neurological impairment,
neuropsychological studies have
revealed that these children perform
poorly on perceptual and memory tasks,
especially those involving the processing
of rapid acoustic changes. Them findings
cast doubt on the presumed itiolation of
the language difficulties.

Investigations of the language skills
of SL1 children have focused on syntax,
morphology, phonology and semarst
relation 1' . These studies have revealed
Ignificart limitations in each of these

areas. Although eatir erea is acquired in
a manner appmrtmating normal
developmont (albeit more slowly), die
language rofiles across areas often do
not match those of younger, viermally-
developing children in that certain areas
(for ezanttle, morphology) may show an
especially serious deficit. Because
studies have focused exclusively on SLI
children acquiring English, it is not
known whether the observed profiles
reflect general difficulties with particular
grammatical functions or are influenced
Lj the manner in which these properties
are marked in English. Several
retrospective, follow-up studies of SLI
children have suggested that residual
problems with language and language-
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related learning problems way be seen
through adolescence and into adulthood.

Research in recent years has begun
to address the problem of inadequate
subject description of SLI children. This
work has provided a protocol for
selecting prototypic groups of SLI
children. Projects devoted to
distinguishing among subgroups of SLI
children are now under way.

Efforts aimed at the early
identification of SLI children are also in
progress. It appears that children's
expressive vocabulary size, vocabulary
comprehension and use of symbolic
gestures assist in determining whether
late-talking children are at risk for
language impairment.

New technologies such as magnetic
resonance imaging (MAD and event
related potentials are beginning to be
applied to SLI children. Research to date
suggests that SLI children show an
atypical left-right hemispheric
configuration. Genetic studies of SLI
children have also been undertaken. The
preliminary findings from these studies
suggest that SLI children are more likely
than normally-developing children to
have other members of the family with
present or resolved language difficulties.

Research on the phonologic,
morphologic and syntactic features of
language that are difficult for SLI
children, as well as on the perceptual and
motor abilities of these children, has
continued. In addition, the lexical
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(vocabulary) and pragmatic
(communicative-conversadonal) abilities
of SLI children have received
investigative attention.

Prospective longitudinal research
on SLI children has begun. The results of
these studies indicate long-term deficits
in these children. Evidence is
accumulating that young SLI children are
clearly at risk for later deficits in reading
and that SLI and reading-disabled
children represent overlapping
populations.

For many children with language
disorders, limitations in other areas are
also evident. Some of these multiple
disabilities result from maternal
substance abuse in pregnancy, fetal and
infant malnutrition, lead poisoning,
congenital AIDS and prematurity in the
children of adolescent mothers without
prenatal care.

In terms of prevalence, mental
retardation is the most common disorder
associated with inadequate language
development. Recent research shows
that children with mental retardation can
have a variety of language disorders and
that mental retardation often offers an
inadequate explanation for
communication problems in these
children. A common genetic form of
mental retardation, Down syndrome, has
been shown to be associated with greater
impairment of expressive than receptive
language. Fragile-X, probably the most
common single cause of genetic mental
retardation in males, affects language

meaning and use more than it does the
acquisition of phonology and syntax.

Autistic children constitute another
group in whom language is but one area
of deficiency. Inadequate
communication skills are hallmarks and
the most common presenting symptoms
of autism, but nonlinguistic deficits make
separate contributions to its
symptomatology. Nonetheless, it is now
clear that, while autism is associated with
mental retardation in some children,
mental retardation is not a defining
feature of the disorder.

Other conditions that can
complicate the normal acquisition of
language relate to the availability of an
adequate listening environment early in
life. This need is illustrated by three
findings. First, there are some data to
suggest that chronic otitis media in the
developing infant, when accompanied by
a mild and intermittent hearing loss, may
be predictive of later language
impairment. Second, there is evidence
that early amplification and auditory
training can significantly affect the deaf
child's acquisition of spoken language.
Third, there is evidence that normal
infants and children need a more
favorable signal relative to the
background noise to perform at the same
level as the adult in spoken language
perception tasks.

Some language disorders in
children are acquired through infections,
tumors, stroke or trauma. Strokes in
children are estimated to have an annual
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incidence of 2.52 per 100,000 children.
Other causes, such as head trauma are
estimated to be as high as 200 per 100,000
per year.

Advances have been made in
specifying the relationship among
acquired language deficits and the
focality or diffuseness of central nervous
system (CNS) involvement, lesion
laterality and age at lesion onset.
Children with focal, unilateral lesions,
such as those sustained following
vascular eigsodes, generally have been
found to have better long-term language
development and recovery than children
with lesions involving more diffuse brain
structures, such as CNS tumors treated
by whole head radiation and
chemotherapy, severe closed head injury
or epileptic aphasia. Roth fluent and
nonfluent aphasia; may occur in children
with acquired brain lesions, and a variety
of syntactic and lexical comprehension
and production deficits have been
described following left hemisphere
lesions. Delays in lexical development
and in the development of syntactic
structures have been documented
following early lesions of either the left or
right hemisphere. Attempts to relate
language sequelse to lesion location
within a hemisphere have been equivocal.
Prognosis related to age at lesion onset is
controversial and confounded by factors
such as the diffuse nature of the lesion,
concomitant seizure disorders and
questionable premorbid status. Studies
using electrophysiologic and
neuroimaging techniques are beginning
to address the nature of hemispheric
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reorganization following acquired
language loss in children.

Language and Language
Disorders in Adults

Current best estimates place at
nearly one million the number oadults in
the United States with acquired disorders
of language due to stroke or traumatic
brain injury. Additionally, a large
proportion of the estimated two million
citizens with progressive dementing
disease have significant language
impairment. Their disabilities range from
partial impairment that affects primarily
one or two input or output channels to
near total and permanent loss of
comprehension and production of
speech. While many are rendered totally
dependent, there is a wide range of
possibilities for rehabilitation of
communicative power and, in some cases,
the return of economic self-sufficiency.

Impairments in the comprehension,
production or use of language by adults
are encountered in a variety of clinical
seUings. Acquired language disorders
are frequently observed, for example, in
patients with stroke, head injury,
dementia, brain tumors and CNS
infections (including AIDS). Language
dimorders are also found in adults who
have failed to develop normal language
because of childhood autism, hearing
impairment or other congenital or
acquired disorders of brain development.
Although deficits of spoken langue.ge
frequently affect all language modalities,
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that is, reading, writing and the signed
languagia of deaf people, dissociations in
performance as a &action of language
modality do occur. Thus, for example,
patients with acquired disorders of
reading or writing may be essentially
normal in spoken language. Lastly,
disorders of language, or communication
more generally, may be encountered in
patients with dysfunction of the non-
dominant hemisphere. Specific
impairments in the interpretadon of
communicative intent, as well as in the
ability to appreciate several alternate
meanings of a word, have been
demonstrated after stroke involving the
right hemisphere.

Research on the ways in which
adult language can break down following
brain injury necessarily builds upon an
understanding of how language
comprehension and production are
accomplished by normal people. The
development of experimental techniques
for analyzing language flinctions and for
investigating the neuroanatomic
representation of those functions in the
brain constitute* an important
component of current efforts in this area.

The understanding of the anatomic
and physiologic bases of normal and
disordered adult language has, in recent
times, been facilitated by the application
of a variety of experimental techniques.
Contemporary computed tomography
(CT) and magnetic resonance imaging
(MRI) scans offer precise information
about lesion size and location heretofore
available only at autopsy. These data

have, for example, contributed to a better
understanding of the anatomic basis of
speech initiation and production.
Imaging of brain metabolism and blood
flow using positron emission tomography
(PET), as well as single photon emission
computed tomography (SPECT), has
contributed substantially to the
understanding of the functional anatomy
of the language system in normal subjects
as well as in patients with brain
dysfunction. These studies of dynamic
brain activity have also led to a greater
appreciation of the important
interactions between language and other
cognitive operations. Electro-cortIcal
stimulation techniques have also
contributed to the understanding of the
functional anatomy of the language
system. The analysis of the consequences
of transient electrically-induced cerebral
"lesions" has facilitated the identification
of discrete language mechanisms and has
engendered better understanding of the
individual variability in the cortical
representation of language funotions.
Finally, additional electrophysiologic
techniques, such as event-related
potentials (ERP) as well as advances in
the mathematical modeling and signal
processing of electreencephalographic
data, have assisted in the understanding
of the temporal course and anatomic
representation of language processes.

The theories and methods of
modern cognitive science ha,,v brought
about important refinements in
understanding the cognitive processes
that normally underlie :anguage
functions. For example, chronometric
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investigations of the course of auditory
language comprehension have
highlighted the complexity of the
processes required to integrate aspects of
word meanings with elements of sentence
structure. These new insights have
motivated the development of tests that
allow the attribution of specific aphasic
symptoms to failure within identifiable
components of the language system.
These advances have, in turn, provided
the groundwork for the development of
new approaches to diagnosis and
rehabilitation of aphasia and acquired
dyslexia.

Several recent findings await
further study and fuller exploration. For
example, common mechanisms
underlying spoken language and the
signed language of deaf people have been
dramatized by the identification of
striking parallels in the effects of brain
injury on these two modes of
communication. Artificial intelligence
computer models of language have
offered insights into the processes
mediating languagEg additionally,
disruptions or "lesions" of these models
permit the simulation of symptoms and
promise to provide a means for the testing
of hypotheses concerning the basis of
particular language deficits. Cross-
language comparisons of sentence

production and sentence comprehension

disorders have begun to distinguish
between symptoms that are universal in
their form of presentation and those that
are specific to the structure of particular
languages.
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Recent advances in the remediation
of language disorders include the
demonstration that some profoundly-
aphasic patients can learn a
computerized system for exchanging
information by manipulating visual
symbob. In fact, computer-assisted
assessment and instruction are active
areas of current research interest and
promise to allow the testing of previously-
untapped cognitive capacities in
severely-impaired patients. Explorations
in the pharmacologic treatment for
aphasic symptoms have shown promise
for the relief of selective disorders, such
as impairments of speech initiation,
through the use of the dopamine agonizt,
bromocriptine.

Several more traditional treatment
progrfflas have been shown to be
efficacious with specific types of aphasic
patients. These include language
oriented and language stimulation
treatment techniques as well as
interventions designed to bring about
well-defined outcomes such as the
elimination of the perseverative
intrusions of earlier utterances.
Additional bitervention strategies
currently being tested include treatment
protocols targeted directly at
theoretically-defined language
components that are found to be
impaired. A limited number of such
studies conducted to daW have
demonstrated measurable Improvement
among individual aphasic patients many
years following onset of their aphasia.
These studies represent a direct
application of results gathered previously
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in cognitive and linguistic studies of
aphasia.

Recent accomplishments in the
area of adult language and its disorders
have built upon advances in
neuroanatomic and neirophysiologic
diagnostic procedures, as well as on
developments in linguistic theory and
cognitive science. Assessment and
rehabilitation of these deficits continue to
rely on the clinical expertise of speech-
language pathologists with new
participation from the fields of
neuropsychology, pharmacology and
computer science. This diversity reflects
the complex and multifaceted nature of
adult language disorders and provides a
broad base upon which to develop a
research agenda for the fUture.

Program Goals

A coherent program that addresses
the topic of language and its various
impairments must build upon previous
accomplishments. At the same time, such
efforts should fully exploit emerging
technological advances and should
accommodate widespread social changes
that are likely to affect the acquisidor of
language and its use.

Several general themes are evident
in the research priorities that can be
developed to address specific
impairments of language. One
compelling requirement for improving

our understanding of and responses to
language impairments is comprehensive
data relevant to the incidence and
prevalence of these impairments in the
population. Systematic study of the
epidemiology of these disorders, together
with detailed information about the
medical, social and cultural conditions
with which they occur, would prorl 4e a
foundation for approaching the
important program goal of prevention of
language impairments. A second basic
requirement that is crucial to
understanding any language impairment
is detailed information about how
language (In all Mita auditory and visual
manifestations) is acquired and used by
normal individuals. The development of
theoretically-based, methodologically-
rigorous and culturally-unbiased test
instruments, as well as the gathering of
comprehensive normative data using
such instruments, is central to this effort.
In light of the growing role that diverse
racial, ethnic and social groups play in
society, it is essential that these
populations be properly represented in
the subject pools for studies of normal
language processes.

Many language impairments occur
because of brain injury or because the
nervous system does not develop
normally. A better understanding of the
mechanisms by which the human brain
acquires and processes language would
greatly eld in the prevention and
rehabilitation of many types of language
impairments. Conseqvently, the
exploration of newly-emerging
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technologies for relating language
functions to brain regions is a priority.

In addition to these general
program goals, areas of specific concern
can be ennmerated.

o Research on the language of deaf
people requires particular
attention W the specific needs of
deaf children acquiring language in
different learning environments.
The effects on spoken and signed
language development of early
exposure to spoken English, signed
English and ASL needs to be
determined. The effects of differing
levels of auditory information on
spoken language development need
to be rigorously assessed,
particularly with regard to
improvements provided by new
assistive devices. Special attention
should be directed to the factors
that relate to the acquisition of
literacy by deaf people, with the
goal of developing methods for
enhancir7 the acquisition of
written laA gunge by improving
English lac guage instruction and
by exploiting the child's existing
language capacity.

o Basic research on the structural
characteristics of signed languages
is needed to enhance comparison
with information about spoken
languages. In addition, continued
investigation of differences and
similarities in the way the brain

processes spoken and signed
languages is needed.

o Research on how signed languages
are perceived and learned would
contribute important information
on the development of methods for
teaching signed languages to deaf
and hearing individuals.

o Studies of children with language
disorders should be devoted to
several types of issues. Information
is still needed on the linguistic,
motor, neurogenic and cognitive
bases of language disorders in
children.

o Valid and reliable language
assessment tools are still needed.
There is an especially critical lack
of assessment instruments for
children from multicultural
populations.

o The long-term consequences of
language impairment warrant
further study. Although it is well
established that language
disordered children are at risk for
later academic, social and
vocational difficulties, the nature
and degree of these relationships
must be determined with greater
precision.

o There is a pressing need for
research on language intervention
and treatment efficacy with
language-disordered children.
Although studies to date indicate
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that treatment is effective, many
specific questions (for example, the
criteria used to match particular
children with particular trattment
procedures) are unanswered.

o A fuller understanding is needed of
how language in ail outs many
aspects is related to the anatomy
and physiology of the bruin.
Relevant data may come from
lesion studies seeking map
specific language capacities to
brain regions and assessments of
the functional anatomy of language
in normal and brain-injured
subjects using current imaging and
electrophysiologic techniques.

o The identification of the component
processes underlying normal
language remains a high priority.
Investigations motivated by
current theories of language
prwessing of normal subjects
employing spoken, written and
signed language., as well as
detailed studies of patients with
language deficits, will be relevant.

o Improved understanding of the
structure of normal language, as
well as technological advances in
computer applications, provide a
basis for the development of
innovative means for evaluating the
language-impaired individuars
symptoms and for addressing the
deficits that are uncovered. Critical
to this endeavor will be the
development of experimental

designs to evaluate the utility of the
assessment instruments and the
effectiveness of new and exisdng
treatments.

o Finally, a rich source of data about
language organization and
potential breakdown is available
from the comparison of the various
manifestations of language
impairment. Comparative studies
can reveal mechanisms common to
different causes and should provide
a rational basis for diagnosis and
treatment.

Research
Opportunities

Multicultural Issues
Although United States society is

increasingly multicultural, little research
has focused on the implications of social
and cultural differences for language and
its impairments. Future investigations
should:

o include nnrmadve studies for
different languages or social
dialects which focus on the
acquisition and use cp: phonological
and grammatical forms as well as
content and pragmatics.
Investigations of the simultaneous
or consecutive acquisition of two or
more linguistic systems are also
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necessary. Such research can
include investigations of "critical
periods" for dual language learning
and code switching.

o Obtain basic epidemiologic
information on the incidence and
prevalence of and risk factors for
speech, language and hearing
disorders within African-American,
Hispanic, Asian/Pacific Islander
and Native American populations,
as available data may not be
ganeralkable across these groups.

o Explore factors that might impede
the efficacy of treatment, such as
differences in cognitive or learning
styles and cultural systems of
belief.

o Develop means of differentiating
between language differences and
disorders across cultural groups.

o Investigate the incidence and
prevalence and risk factors for
adult neurogenic impairment
among culturally-diverse and
bilingual populations.

Language and Deaf People

The research needs for language
and deaf people fall into three broad
areas encompassing study of language
development in children, literacy in deaf
children and adults and basic research on
sign language structure and function.

Language Development In Deaf
ChNten

There is some evidence that, if other
variables are held constant, deaf children
of deaf parents may tend to outperform
other deaf children on a variety of
academic and psychosocial measures. A
full explanation of this phenomenon is
lacking and requires further study.

Studies are needed of normal
patterns for acquisition of ASL and their
relation to cognitive and psychmocial
development among deaf children of deaf
parents. In addition, to understand
normal patterns of such development, it is
necessary to pursue parallel studies of
disordered courses of development of
signed language in the same group.

Because deaf children of deaf
parents constitute only a small
percentage of the population of deaf
children (between 5 and 10 percent of the
total), it is imperative that P better
understanding of typical patterns of
language development of deaf children of
hearing parents be pursued.

Within this area, new studies are
needed ten

o Identify and describe patterns of
acquisition of ASL, particularly
when access to a first natural
language is delayed or incomplete.

o Identify and describe patterns of
language acquisition of children
exposed primarily to systems or

;: 1
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styles of signing in which the
intention is to model or support
English speech.

o Identify and describe patterns of
language acquisitim among
children exposed primarily to oral
language-

o Identify and describe patterns of
language acquisition of children
primarily exposed to spoken
English through Cued Speech.

o Identify and describe patterns of
related cognitive, psychological
and academic deficits
accompanying delayed language
acquisition.

o Study the nature and value of
language models provided by
hearing adults in contact with deaf
children. This research should
include studies of the nature of
receptive and productive aspects of
Engiishlike signing in addition W
aspects of auditory, oral language
models.

o Identify deaf children who have
language disorders by examining
and describing the differences
between normal and language-
impaired deaf children.

o Study approaches and techniques
for the training of hearing parents
of deaf children to sign or to
facilitate the development of their

children's spoken language,
including the use of Cued Speech.

o Identify and describe the processes
of reorganization of the input
language, particularly
pidginization and creolization
processes in language contact
situations.

o Identify and describe the invention
of gestural language systems
without formal sign input and the
relation of this process to eventual
signed or spoken language
development.

o Study approaches and techniques
for evaluating the potential of new
technology and intervention
strategies (such as auditory
prostheses, laser disk technology,
computer-based training systems)
for promoting spoken language
acquisition by deaf children.

o Identify critical periods for both the
natural acquisition and training of
spoken or signed language by deaf
children.

o Develop the means of identifying
language disorders in deaf children
from different cultures.

Studies of Literacy in Deaf Children
and Adults

Because problems associated with
the acquisition of reading and writing
skills are the most pervasive academic

f)2
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and vocational consequences of deafness,
studies of the acquisition of English
literacy must be included as a primary
research objective. Research should be
conducted kg

o Study the nature of processing text
by successful deaf readers in an
attempt to ident* the most
effective strategies, both auditory
and visual, for the teaching of
literacy to deaf people.

o Develop and test new strategies and
techniques for teaching English as
a second language to deaf children
who make use of their capabilities
for visual language processing.

o Study the role of captioning,
telecommunication devices,
personal computers and other
technological influences on the
improvement of deaf children's
literacy skills.

o Study the relationships between
speech processing and literacy in
deaf children who use spoken
language primarily.

o Study the relationships among
speech processing, sign processing
and literacy in deaf children who
use sign language.

o Develop and evaluate appropriate
and psychometrically-sound tests
of psychosocial, intallectval and
academic development and of first-
and second-language acquisition
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by deaf children and adults under a
variety of language use conditions.

o Examine the interaction of
acquisition of signed languages
with spoken and written language
and begin to characterize the the
resulting bilingualism. Studies of
the order of acquisition of speech
and signed language as they affect
children's eventual acquisition of
English language and literacy
should also be conducted.

Bask Research on Sign Language
Structure and Funon

Studies of the organization of the
brain and its relation to language
function, especially signed language, are
needed. Research on how signed
language acquisition interfaces with
other biological and physical systems is
also important. Investigators should be
encouraged to:

o Continue research on brain
mapping for sign language
functions.

o Develop improved techniques for
imaging sign language motions in
three-dimensional space.

o Conduct further investigations into
how deaf people perceive and
process vLually. Studies could
include investigations of the
relation between limb control and
vision ma of the functioning of deaf
people with visual disorders.
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o Conduct studies of the nature of
parallel processing of language,
such as the simultaneous
processing of visual and auditory
information.

o Expand studies of the' brain and
language, such as those on the
specialization of the cerebral
hemispheres for language and
other cognitive processing.

Investigations of signed language
structures are also important.
Specifically, there should be attempts ta

o Study signed language and other
languages used by the deaf
community from
functional/psychological and
structural/linguistic perspectives.
Studies should focus on the nature
of the "creolimation* of signed
langt. age and the effect of
interaction of modality and
language structure, including
contact signing.

o Study signed languages other than
ASL and varieties of signing within
ASL, to identify the role of cultural
and ethnic differences on signed-
language use by deaf people.

o Study other signed languages, such
as simultaneous communication
and signed English, relative to the
acquisition of English language by
deaf children.

The acquisition of the ability to
employ a signed language depends on the
development of a number of interrelated
cognitive and linguistic abilities that
contribute to the perception of sign.
Interdisciplinary studies should be
carried out ta

o Relate infante early acquisition of
sign language phonology, assessed
through tests cof sign perception, to
the acquisition of the higher levels
of language, such as the acquisition
of words (lexicon), word meanings
(semantics) and grammar (syntax).

o Investigate basic and higher level
processes underlying vision,
including the requirements of
structured use of space and
movement, the processing of
complex dynamic arrays and the
perception of motion and form.

o Study the impairments to sign
perception in deaf individunls who
become aphasic or who sustain
other cognitive impairments
subsequent to brain damage.

Language and Its Disorders
in Children

A number of questions pertaining
to normal language development in
hearing children are not yet resolved.
Although the sequence of language
attainments is generally known, at least
for English, the bases of some of the
acquisition patterns are not yet fully
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understood. For example it is not yet
clear the degree to which young
children's early rentences involve
abstract grammatical categories as
opposed to semanticady-based notions.
The degree to which language learning
mechanisms are modular rather U.=
dependent upon more general cognitive
operations must also be determined.
Issues requiring farther investigation can
be found for each developmental period.

The research needs for language
disorders in children fall into four broad
areas encompassing stiegly of the bases of
language disorders in children,
investigations of assesement, studies of
academic, social and vocational impact
and investigations of intervention.

Bases of Language Disorders in
Chikfren

Many questions concerning the
very nature of language disorders remain
unanswered. Certainly, discovery of the
bases of language impairment is
necessary before meaningful steps
toward prevention can be taken.
Similarly, identification of these bases
and their accompanying symptoms is
required for the development of an
accurate typology for language disorders
in children. Accordingly, it is essential to
invesligate a range of factors that may be
implicated, including characteristics of
the language being acquired and factors
that intim-nee the production of speech.
The language characteristics themselves
should be examined with an eye toward
how they contribute to our
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understanding of the child's difficulty.
Research should be carried out to;

o Examine the linguistic profiles of
language-impaired children to
determine if they vary according to
the type of language being acquired
(e.g., morphologically rich vs.
spars% fiexible vs. rigid word
order). The weaknesses observed
in language-impaired children
across these languages might
reveal a common factor that may be
the source of the disorder.

o Examine the impact on language
production of structural anomalies
of the speech mechanism, such as
craniofacial anomalies, long-
standing tracheotomies or severe
neuromotor impairment. The
relative contribution of subtle
motor speech problems to certain
subtypes of language impairment is
not known.

The neurogenie basis of
developmental language disability is
unknown in the vast majority of those
with specific language impairment, as
well as in those in whom these disorders
are associated with other disabilities such
as autism and mental retardation. The
mechanisms by which neurogenic
dysfunction occurs and the many genetic
and acquired causes of developmental
language dysfunction ars still
unresolved. A wide variety of intrinsic
and/or extrinsic factors may be
responsible for an initial Induction of a
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neurogenic abnormality. Research
should be conducted to:

o Study the normally-developing
brain across the life span using a
wide range of anatomic,
physiologic and metabolic
techniques. New advances in
imaging the brain (anatomic,
physiologic and metabolic) are
particularly important to apply to
studies investigating ,iormal and
abnormal development.

o Conduct multidisciplinary studies
that combine imaging techniques
with fine-grained behavioral
analysis of processes underlying
language development and
disorders.

Advances in molecular genetics,
coupled with recent evidence of familial
transmission in some cases of
developmental language and learning
disability, suggest that further genetic
studies would be particularly profitable.
Studies should combine state-of-the-art
behavioral assessment with molecular
procedures tot

o Determine the reason for the much
higher prevalence of
developmental language disorders
in boys than girls.

The precise role of nonlinguistir
cognitive factors must also be examined
in children with language disorders.
Although many language-impaired
children exhibit limitations in intelligence

as it is broadly defined, it is likely that
pardcular aspects of cognition are more
important to language learning than
others. For example, many studies of SLI
children have found deficiencies in both
symbolic and nonsymbolic domains of
knowledge even when scores on standard
intelligence tests are within the normal
range. Further work is needed to:

o Isolate those cognitive areas not
represented in IQ tests and
determine whether or not these
areas interact with language
functioning.

o Determine to what extent language
impairment may be secondary to
psychosocial disorders.

o Determine to what extent
psychosocial disorders may result
from a primary language
impairment. There are special
groups of children and youths who
are at risk for language disorders
and language-based learning
disorders. These special groups
include victims of abuse, neglect or
drug- or alcohol-related lifestyles
and homelessness and general
victims of poverty.

o Determine to what extent failures In
communication and education are
related to psychosocial factors.

Assessment

The purposes of assessment include
the identification of a language
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impairment as well as the determination
of the nature and severity of the
impairment, the prognosis and the labial
goals far intervention. Initiatives are
needed to

o Develop psychometrically-sound
and culturally-fair and sensitive
procedures for the measurement of
language comprehension and
production to be used in identifying
and classifying language
impairments.

o Develop alternative assessment
strategies including criterion-
referenced testing, observational
techniques, interview procedures
and other informal strategies.

o Explore the utility of state-of-the-
art computer technology in
language assessment, including
language sampling analysis.

o Develop assessment strategies
which have application, validity
and reliability for identifying
language disorders in children in a
variety of assessment contexts (e.g.,
school, home, clinic).

o Determine the most appropriate
strategies for evaluating limited-
English-proficient (LEP) children
including the use of interpreters or
informants.

o Develop assessment tools for
preschool populations, especially
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for children under three years of
age-

Academic, Sodai and Vocational
'mad

The negative academic, social and
vocational consequences of language
disorders in children have been well
documented; however, research is needed
to:

o Study the relationship between
language disorders and subsequent
or concomitant learning
disabilities.

o Study the relationship in children
between language disorders and
social adjustment problems.

Intervention

New intervention strategies for
language-impaired children need to he
developed that are capable of testing and
refining current theoretical models.
These approaches should also be tailored
to meet the needs of individual children;
that is, they shoed address documented,
underlying perceptual and motor deficits
as well as linguistic inadequacies.
Furthermore, the strategies should be
culturally relevant and salient to the
individual child's experiences and future
aspirations. Research must be conducted
to:

o DIvelop new intervention
strategies based upon current
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theoretical models and establish
their efficacy.

o Determine the efficacy of currently
available intervention strategies
through both single subject studies
and studies of children who clearly
represent differing types of
language impairment.

o Evaluate alternative models of
strvice delivery such as family- or
school-based programs versus
direct delivery by speech-language
pathologists.

o Investigate the use of computers
and recent technologic advances
(for example, in speech recognition
and speech production) in
intervention with language-
impaired children and with deaf
children learning oral language.

Language and Its Disorders
in Adults

The research needs for adult
language disorders fall into four broad
areas encompassing research on
language and the brain; cognitive and
linguistic studies of the underlying
functional sources of language disorders;
investigations targeted at assessment and
treatment of language disorders; and
comparative study of language and its
disorders in different populations.

Brain-Language Relations

Clearer understanding of the
complex relationship between language
processing and brain structure and
function is essential to addressing a
variety of crucial issues relating to
language and its disorders in adults.
Primary among these is a set a:questions
relating to recovery of language function.
Individuals vary widely in their recovery
of language capacities after apparently-
similar brain lesions and Little is known
about the mechanisms underlying this
variability. Detailed study is needed ta

o investigate the mechanisms by
which recovery takes *Lice and the
basis for individual differences in
recovery, using a variety of
techniques for indexing brain
activitykyin (e.g., positron
emission tomography, single
photon emission computed
tomography, event-related
potentials).

o Clarify the role of the non-dominant
(typically right) cerebral
hemisphere in the assumption of
language &nations following
damage to the dominant
hemisphere.

o Relate specific symptoms to
discrete brain regions using lesion
analysis. A correlation between the
breakdown of motor speech
planning and structural brain
lesions has been demonstrated, but
other potentially localizable
language skills (such as speech
sound discrimination and oral
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word comprehension) are still
inadequately mapped.

o Define by clinico-anatomic study
the link between processes that are
closely related to well-localized
structures and those that are
broadly distributed in the language
zone.

o Identify well-defined forms of
selective impahments through
detailed study of individual cases,
including careful analysis of brain
lesions and of functional language
impairment.

o Explore the role e various
neurotransmitter systems in the
mediation of partieular language
operations. The potential for
pharmacological treatment follows
directly from such understanding.

Analysis of Processes Underlying
Language Disorders

The language impairments that
result from brain damage reflect the
dysfunction of one or more of the
mechanisms that subserve normal
language, whether spoken, written, or
signed, including perceptual, motor,
cognit:ve and specifically-linguistic
mechanisms. For example, the normal
ability to read involves visual perceptual
mechanisms, mechanisms that control
attention to the relevant material on the
pea.% memory components that store
knowledge of words and linguistic
mechanisms that compute the meanings
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of sentences. Damage to any one of these
mechanisms will result in a reading
impairment, the specific form of
impairment being determined by the
particular mechanism that is damaged.
Thus, an understanding of the nature of
the various forms of language disorders
consequent to brain damage crucially
depends on knowledge a normal-
language and related processes and their
disruption. Continued study is needed tsx

o Extend recent progress in the
cognitive sciences to an
understanding of the structure of
normal language processing. For
example, techniques involving real-
time analysis of normal-language
processes should be adapted to
examine the nature of language
pathology.

o Distinguish the various forms of
dysfunction that characterize
oral/aural, written and signed
languages through comparative
study of impairments in those
modalities.

o Elucidate the relationship between
deficits that are specific to the
language system and those that
arise from perceptual, motor or
other cognitive disorders and
clarify their relative contributions
to complex language impairments.
Information about such
relationships could provide an
important basis for the design of
new treatments.
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o Continue comparative analyses of
disorders in different languages, on
the assumption that language-
specific differences in symptoms
can help reveal the linguistic and
cognitive mechanisms that
subserve language processing.

o Develop artificial intellisence
computer models that 4mulate
normal language and Its disorders.

Assessment, Intervention and
Recovery

Approaches to the remediation of
language disorders require objective and
reliable information about the nature and
stability a patients' symptoms.
Assessment instruments that provide
such information must be developed in
light of new research findings that have
clarified symptom and deficit
relationships. Furthermore, intervention
strategies to address patients'
impairments should build upon emerging
indications that some symptoms indicate
specific functional deficits and should
exploit new technologic Innovations.
Specific opportunities in these areas
include efforts to:

o Demonstrate the efficacy and
efficiency of the existing
intervention strategies for aphasia
treatment. Such demonstrations
will require development of new
approaches to the evaluation of
efficacy which use both single
subject and group methods.

o Revise and improve existing
assessment procedures in order to
bring them into line with current
understanding of the relationship
apatients' symptoms to causal
underlying language deficits.

o Develop a workable diagnostic
scheme that provides a rational
basis tor the classification of
patients and fbr comprehensive
characterization of their deficits.

1 JO

o Develop ffinctional assessment
tools to evaluate the communicative
abilities of language-impaired
individuals.

o Study the patterns a symptoms in
patients with disorders in which
deterioration instead of
improvement is the natural course,
for example, in Alzheimer's disease.
Identification of predictors of the
course of progression of language
disorders in such patients would
contribute to their management
and provide a basis for
approaching intervention.

o Develop and evaluate computer-
assisted instruction as an
intervention strategy for working
with aphasic individuals. In
particular, strategies that capitalize
on recent information concerning
the hinctional basis of specific
language symptoms or that provide
aphasic individuals with workable
compensatory mechanisms should
be developed.
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o Develop and evaluate alternative
and augmentative communication
systems for adults with language
deficfts. Adults severely-impaired
in understanding and producing
language may be capable of
effective communicatim by
alternative means, Including
computer-based Tystems.

o Investigate social and cultural
factors that have the potential to
affect treatment outcome and
evaluate the relative contribution
of these factors to individual
differences in response to
treatment.

Comparative Language Studies

Language disorders in adults can
take a variety of forms, because the many
causes of such disorders affect the system
differently and because there are pre-
existing differences among the
individuals who develop language
problems. This diversity of language
symptoms provides an important
research opportunity, as comparative
study of the different forms of language
impairment can provide information
about the nature of underlying language
mechanisms. New initiatives are needed

o Obtain normative data from
healthy indivkluP.16 of various ages
to determine whether or not there
are changes throughout the life

span in the use of spoken, written
or signed language.

o Develop normagve data on adults
from a range of social strata and
linguistic and enaltural
backgrounds to provide a basis for
addressing the contributions of
sociocultural factors, bilingublism
and normal aging to language
impairments.

o Compare analysis aloft- and right-
brain damaged hearing subjects to
determine the extent to which the
right hemisphere may be involved
in language use. Study brain-
damaged users of sign language in
order to understand hemispheric
specialization for complex
linguistic properties conveyed
through spatial mechanisms.

o Study the differences that exist
between the language disorders of
focally brain damagtd patients and
those that accompany more
generalizad brain dysfunction.
Comparisons among the forms that
language breakdown can take
secondary to these various causes
have suggested important
functional dissociations, but
further study is required to clarify
the nature of and underlying bases
for these differences.

o Develop normative data on the
language functioning of diverse
populations to provide a
substantive basis for approaching

1 CA.
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their language disorders. The
population of the United States is
increasingly multilingual; as this
population ages and its risks of
stroke and consequent aphasia
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increases, there will be an
increasing number of bilingual
individuals with language
disorders.
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