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PREFACE

Recognition of the rather sizable and potentially significant interface be-
tween the fields of dentistry and speech pathology-audiclogy prompted the
American Association of Dental Schools and the American Speech and Hearing
Association, with financial support from the National Institute of Dental Re-
search, to establish a joint committee to investigate the nature and scope of
this interface in service, training, and research.

The Joint Committee on Dentistry and Speech Pathology-Audiology, estab-
lished in 1966 and consisting of three members from each parent organization,
has (1) published articles of interest to the two fields; (2) presented programs
at the annual conventions of the American Association of Dental Schools, the
American Speech and Hearing Association, the American Cleft Palate Asso-
ciation, and other organizations; (3) conducted regional meetings of the deans
of dental schools and heads of training programs in speech pathology and
audiology; (4) surveyed by questionnaire the doctoral training programs in
speech pathology and dental schools of this country regarding the nature and
extent of the interaction between the two professions within their own institu-
tions; (5) assisted in the placement of speech pathologists and audiologists in
schools of dentistry; (6) created promotional materials which have demon-
strated and advanced the philosophies of the Joint Committee; and (7} spon-
sored a series of three national conferences for identifying and evaluating the
clinical and research contributions of mutual value to each profession, and
delineating research frontiers of mutual concern to the two professional areas.

In planning the structure of the three annual conferences, the Joint Commit-
tee originally intended that each conference bring together 20 representatives
from dental schools and 20 representatives from Ph.D. training programs in
speech pathology and audiology, to provide them with current, complete
information in specific areas of interest to both professions. Conference at-
tendees were encouraged to engage in active discussion in each of the formal
presentations. The first in the series of three conferences sponsored by the
Joint Committee, entitled “Patterns of Orofacial Growth and Development,”
was held in March 1970 in Ann Arbor, Michigan. The proceedings of this
conference were published in ASHA Reports Number 6. The discussion
material was omitted from the conference proceedings and only the formal
papers were presented in that publication. The proceedings of the second
annual conference constitute the material for ASHA Reports Number 7.

The second annual conference and the present resulting publication repre-
sent several modifications of the planning which determined the format of the
first conference and the ensuing publication. Greater attention was paid to
audience selection, with an aim for achieving a better balance among re-
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searchers, clinicians, and educators in each of the two professional areas. The
program format was altered to provide relatively lengthy discussion periods,
and a portion of the program was devoted to informal colloquium groups
among the conference attendees.

The published proceedings of these annual conferences represent at least a
partial realization of several of the primary goals of the Joint Committee: the
development of widespread awareness of the mutually valuable clinical and re-
search contributions of each profession; the exchange of current information
between the two professions, with particular regard to research; and the
education, orientation, and creation of researchers in each profession to under-
take cooperative research with members of the other profession.

Jomwt CommrrteE (1971)
H. Harlan Bloomer, Ph.D., Chairman
Richard M. Cole, Ph.D.
Sidney Silverman, D.D.S.
D. C. Spriestersbach, Ph.D.
Raymond H. Steinacher, D.D.S.
Donald Warren, D.D.S., Ph.D.
James E. Fricke, Ph.D.,
Executive Secretary, JCDSP-A



DENTAL MATURATION

FREDERICK M. PARKINS

University of Iowa, Iowa City, Iowa

During the time the abilities of speech are being perfected, the dimensions
and many of the components of the oral cavity are undergoing change. The
nature of these changes and their effects on speech are of vital concern to the
speech scientist and the dentist. This publication includes reports from a
group of imminent investigators working on different aspects of the subject;
therefore, I shall not attempt an academic tour de force. My presentation is
designed to relate the maturation of a functional dentition as a series of work-
ing concepts the dental clinician uses in his treatment of children.

At birth the primitive maxilla and mandible house all 20 primary teeth and
the crypts of the earlier erupting members of the permanent dentition. The
infant has a relatively well-developed cranium. The lower face, like the rest
of the body, is far less mature. Articulated, but underdeveloped, bony struc-
tures are seen.

We are fortunate that in the 1930s a dentist in England, Lilah Clinch (1934),
had what one of her presentation’s discussants described as the “pluck” to
examine 500 newborn infants and to obtain a pair of intraoral impressions on
70 of them. She demonstrated the presence of “gum pads” along the maxillary
and mandibular alveolar ridges. The ridges were somewhat segmented into
individual prominences resembling in position the sites of the eruption of the
primary teeth. On closure the pads met to form a primitive bite relationship,
which varied among the infants because of their different states of mandibular
development. The mandibular alveolar ridge was slightly lingual to the
maxillary ridge in the incisor and molar regions in 70% of the cases. The man-
dibular ridge of the remaining infants was slightly lingual and distal to the
maxillary ridge in the molar region, and definitely distal in the incisor region,
with a few displaying a distal relationship along the entire perimeter. She
was unable to find one case of mandibular protrusion among the entire 500
children examined.

To observe the effects of the erupting primary teeth, Clinch followed the
children on whom she had obtained impressions, through their first two years.
She found that the molar segments of the gum pads remained in contact, or
occlusion, on closure. This posterior support created a space for the incisor
teeth, the first to erupt. As the incisors neared full eruption, the respective
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downward and upward growth of the maxillary and mandibular molar seg-
ments maintained the space. In this manner, the incisor eruption was accom-
modated without the soft tissue trauma seen with the occasional presence
of an erupted tooth at birth. '

At this point it is appropriate to consider the process of tooth formation.
Teeth are among the few mineralized structures which do not undergo a
continuous constituent replacement and structural remodeling. The usual
alternating osteoclastic and osteoblastic activities do not affect them. The
periodontal membrane normally isolates even the root structure from this
process. Consequently, the events of formation and disease are relatively irre-
versible. Imperfectly formed teeth frequently bear a permanent blueprint for
the timing of the disturbance during tooth formation which caused the defect.
Schour and Massler {(1941), in the early 1940s, developed a schematic descrip-
tion for the life cycle of the typical tooth. To this they added the more common
aberrations in tooth development during the different categories of this life
cycle (Schour and Massler, 1964). The life cycle of the tooth is presented
in Figure 1, and the aberrations in tooth development are presented in Table 1.
More recently, Kraus and Jordan (1965) have refined the description of tooth
formation, Over a period of 15 years they intensively studied the morphology
of the primary teeth and the permanent incisor and first molar teeth of human
embryos, Their monograph of the “Human Dentition Before Birth” completely
describes the maturation of each of these teeth up to the time of birth.

From approximately six months to the third year of life, the primary teeth
erupt in an anterior to posterior sequence. The mechanism of tooth eruption
is still not fully understood. The source of the outward force and the parting
of the mucosa require investigation. Added to this enigma is the frequent
systemic disturbance observed during the critical phase of tooth emergence.
The brief period of fever, malaise, and irritability may possibly be associated
with a bacterial infection of the eruption site. More likely, however, the
symptoms relate directly to the eruption process itself.

The embryology of the periodontal structures has been more difficult to
investigate. Individuals suffering from ectodermal dysplasia show that alveolar
bone forms only in response to the presence of teeth. Teeth are embryologically
derived from ectodermal tissue and are commonly absent in this disease. The
bodies of the maxillary and mandibular bones grow to the usual adult dimen-
sions, The deposition of hone to form the alveolar ridges, however, is almost
completely absent. The alveolar bone also disappears after full mouth extrac-
tion. In contrast to the teeth, which undergo no routine changes, the alveolar
bone is among the bodys most labile and metabolically active mineralized
tissue. It is of particular interest to note that with the exfoliation of a primary
tooth, the bone and soft tissuc associated with it are completely replaced. The
permanent tooth is surrounded by newly formed alveolar bone, periodontal
membrane, and fibrous attachment.

Because teeth form in an orderly sequence over many years, they afford a
convenient opportunity to identify the state of an individual's maturation.
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Initiation Proliferation Histodifferentiation Morphodifferentiation

.y G@,{‘ e

CALCIFICATION

ATTRITION
{Clinical) {and conkinuous eruption)

Ficure 1. The life cycle of the tooth. (From Massler and Schour, 1958.}

S

The degrees of calcification, eruption, and root formation of the teeth can be
used as milestones for facial growth and development. Frequent discrepancies
are observed between chronologic age and the maturational stage of the face
and dentition. Dental radiographs are used to identify a “dental age” for each
patient. The situation is comparable to noting the development of ossicles in
the wrist and has a greater relevance to events in the oral cavity.

The growth of the lower face, namely the nasomaxillary and mandibular
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structures, is on a different time table from that of the cranial structures. The
growth rates of all the components of the body have been divided into four
categories: lymphoid, neural, general, and genital types. While the skull and
basal structures associated with the upper face, including the orbit, form in
accordance with the neural type of rate, the lower face most closely matches
the general rate. The rate of maturation of teeth loosely compares with the
rate of general systemic growth. The matching of an individual's height and
weight to growth norms for his age, even when body type is considered, does
not reveal the progress that particular individual has made toward his own
mature dimensions. Therefore, the complete significance of “dental age” as a
determinant of physiologic age is not clear. The possibility exists that this may
be as accurate as the interpretations from wrist radiographs (Lamons and
Gray, 1958).

Whether for genetic, endocrine, or other causes, discrepancies of plus or
minus two to three years are commonly seen when an individual's dental
maturation is compared to the norms given on standard charts and tables.
Such a finding does not in itself indicate the presence of pathology. Youngsters
demonstrating such discrepancies may be completely normal. By contrast,
normal dental development is often seen in individuals suffering from physical
and mental difficulties. For example, certain persons with cerebral palsy dem-
onstrate a normal rate of dental maturation, although in other areas their
maturation may be affected by congenital or developmental deformities, In
many forms of mental retardation a patient also has dentition appropriate to
his chronological age while his intellectual development is more typical of
younger age groups.

At the time of birth the maxilla and mandible are too small to house a fully
developed dentition. A simiiar statement holds for maxillary and mandibular
size at the time the primary dentition is complete. Additional space is neces-
sary for the second and third molar teeth.

The relative positions of upper and lower teeth on ciosure, the position I
will refer to as “in occlusion,” are dependent on the relative sizes and positions
of the bones that contain them. Reference will be made to the alveolar bone
as the natural denture base. The maxilla and the mandible grow downward
and forward. Since this growth lags behind that of the cranium and its base,
the concept has been adopted that these bones are growing downward and
forward from the cranial base. The growth rate of these two bones must be
synchronous or abnormal relationships between opposing teeth in the occlusal
position will result.

Since the concepts of facial growth are fairly well known, I will touch only
on key points for definition and review. The maxilla is separated from its cranial
base by four pairs of sutures oriented in parallel. Their position at right angles
to the normal direction of maxillary growth has made it attractive to consider
pressures from growth within them as responsible for the linear movements.
Recent evidence (Moss and Salentijn, 1969) suggests that sutural growth
responds instead to a negative pressure produced by growth elsewhere. The
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nasal septum and the resultant forces of muscular activity are presently credited
with stimulating proliferation at the suture sites. For the purposes of this
presentation, it is adequate to recognize the resultant downward and forward
growth,

The mandible grows downward and forward principally through the growth
centers in the condyles. Their proliferation appropriately propels the mandible
away from its articulation with the temporal bone in the glenoid fossa. At the
same time extensive remodeling of the mandibular ramus occurs. The coronoid
process develops along the temporal muscle insertion. The entire anterior
section of the ramus undergoes resorption while there is concomitant deposi-
tion along the entire distal border. In effect, a distal displacement of the
entire ramus takes place. At the same time, adsorptive bone growth produces
increasingly more mature contours along the periphery of the body of the
mandible. By the second year the symphysis at the mandibular midline has
closed, terminating the capacity for linear growth of the anterior portion of
the mandible.

Instead of completely discussing the different mechanisms for bone growth,
it should be sufficient to recall that the pacemakers for various components
of maxillary and mandibular growth are believed to be somewhat dissimilar.
Asynchrony in their growth rates can lead to undesirable relationships (1) of
the two jaws to each other, (2) of one or both jaws to the cranial base, and
(3) of the maxillary teeth to the mandibular teeth. It is of particular interest
that a display of disharmony in their growth during the complete primary denti-
tion stage is considered definitive evidence that the disharmony will persist and
frequently become more severe. Techniques of “dentofacial orthopedics™ which
may suitably redirect asynchronous facial growth are presently being studied
{ Graber, 1969).

It is now pertinent to examine the primary dentition and discuss its char-
acteristics. The individual primary teeth are smaller, except for a couple of
dimensional discrepancies, than the permanent teeth which succeed them.
Their pulp chambers are proportionately larger, and tend to follow their
external contour more closely. The degree of mineralization appears somewhat
less, and it has long been a clinical impression that the primary teeth are less
sensitive to manipulative procedures. The term “milk teeth” has been applied
because of their whiter coloration. This is especially true when they are com-
pared with newly erupted permanent anterior teeth.

The alignment of the primary teeth is also unigue. The plane established
by their occlusal surfaces tends to be flat instead of resembling a segment of
a sphere, as is the case with permanent teeth. The long axes of the primary
teeth tend to be perpendicular to the occlusal plane. Their cusp height is less,
reducing the amount of interdigitation bctween opposing teeth on closure.
Attrition of the occlusal surfaces is common, further reducing the degree of
interdigitation, The result is frequently the meeting of two flat surface areas
on closure with little restriction imposed on mandibular movement. Because
of the position and functional relationship of primary teeth, the tendency for
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permanent teeth to migrate mesially does not appear until the first permanent
molars erupt. Since the paths of eruption and the long axes of these first
permanent molars are mesially inclined, they erupt against the distal surfaces
of the second primary molars. This introduces a mesial component of force,
which is augmented by the impact which occurs with their altered occlusal
position. The positions of the first permanent molars also begin the warping
of the occlusal plane toward its adult configuration.

The arc described by the alignment of the primary teeth along the denture
base, commonly referred to as the “dental arch,” follows a basically ovoid
form. In the permanent dentition the buccal surfaces of the premolars and
the first permanent molars are often distributed along a straight line. The
permanent cuspid is located at a turning point producing a square arch form.
The result of the primary dentition characteristics is an attractive, cherub-like
appearance. This is the time to fill the family picture albums.

In addition to the physical characteristics, a chemical discrepancy must
also exist. Children below the age of puberty seldom evidence calculus forma-
tion. The lack of calcified deposits on tooth surfaces, especially at the gingival
margin, is in direct contrast to what is seen in the majority of adults. In adults,
calculus formation is common and must be controlled for dental health. With
rare exception, the appearance of calculus is first observed about the time of
puberty. A more exact correlation between this obvious chemical change and
the onset of puberty deserves future investigation.

On considering the locations of the maxillary and mandibular growth sites,
it becomes obvious that the primary centers of linear change are not along
the dental arches in positions mesial to the first permanent molars. Distal
migration of the mandibular ramus and deposition of bone at the site of the
maxillary tuberosities produce the additional alveolar length required for the
eruption of the permanent molars. The broadening of the overall arch width
is achieved primarily by the divergence of the distally forming posterior seg-
ments. Measurements of arch width increases between tooth pairs have shown
only small increases in the order of two to five millimeters. Although the
alveolar ridges are increasing in height, the length of their perimeter from first
molar to first molar, commonly referred to as “arch length,” is almost constant.
Due to the concept of relatively consistent arch lengths, there is great clinical
interest in the measure and conservation of arch lengths. The concern is
greatly increased with the introduction of the mesial component of force
brought about by the eruption of the first permanent molars. The placement
of space maintainers to preserve the mesial distal dimension of the lost primary
tooth, to accommodate the erupting permanent tooth, is considered essential
in most cases.

The genetic coding for permanent tooth size is relatively consistent. Simply
stated, if the early erupting permanent teeth are larger or smaller than their
normal dimensions, the other permanent teeth can be expected to have similarly
larger or smaller than normal dimensions. This observation is used extensively
to judge the space which will be needed for permanent teeth which are not
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yect erupted. The estimates are compared with measurements of the actual
amount of space in the mouth. Such procedures have been categorized as
“arch length analyses.”

In addition to allowing us to perform arch length analyses, the eruption of
the permanent anterior teeth involves other considerations. The exact sequence
for exfoliation and eruption of the four incisors is highly variable. Whether
the mandibular central incisors are followed by mandibular lateral incisors
or maxillary central incisors is probably of little consequence. In certain
instances, however, local conditions result in retarded eruption, especially of
lateral incisors, or premature exfoliation of primary cuspids as the result of
root resorptive affects by erupting lateral incisors. Of similar nature are clinical
considerations associated with the early loss of primary incisors. It is frequently
considered a disadvantage for a youngster to lose primary incisors before his
peer group is undergoing a similar experience. The early existence of anterior
spaces has led to concern about the development of noxious tongue habits,
psychological trauma, and disturbances in the development of normal speech
(Lindahl, 1961}. These are primarily empirical considerations which require
investigation for confirmation. Because primary anterior teeth frequently have
spaces between them, and these spaces remain constant due to the lack of any
growth potential in that area, the need for space maintenance is considered
secondary. The question concerning the need for prostbetic replacement of the
prematurely lost anterior teeth requires resolution.

The position of permanent anterior teeth as they erupt warrants discussion.
The mandibular incisors enter in a position lingual to the primary incisors,
If the primary incisors are not exfoliated at the time of eruption, difficulties
ensue. Maxillary incisors may be displaced lingually and produce a cross-bite.
Mandibular incisors may become severely jumbled. After their eruption,
tongue pressure pushes these tecth forward into alignment. The theory has
been held that these teeth move to a position of equilibrium between the muscle
forces of the lip and tongue. Analyses of these forces with strain gage trans-
ducers have not confirmed this theory (Proffit, Chastain, and Norton, 1969).
Further investigation of the forces which result in permanent anterior tooth
placement is required. If space is sufficient, all four permanent anterior teeth
in the mandible will be moved into normal alignment. A minor space dis-
crepancy frequently exists which is resolved by the eruption of other perma-
nent teeth later. As a result, a period of mild jumbling of lower incisors is
common.

The maxillary incisors erupt at divergent angles. The long axes tend to meet
at a point high in the nasal region. The resulting diastema and odd crown
position frequently create parental alarm. On occasion, this leads to a resection
of the labial frenum. The natural resolution of the situation is commonly
brought about by the eruption force of the permanent cuspids. Since the
permanent cuspid is the last tooth in the maxillary arch to succeed a primary
tooth, a delay of several years ensues between incisor eruption and cuspid
eruption. During this delay, parental anxiety frequently leads to unnecessary
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frenectomies. It is recommended that such procedures be delayed until after
the eruption of the permanent cuspids.

The primary teeth are smaller overall than their permanent successors.
Analysis of individual dimensions, however, brings up a notable exception
between the primary molars and their succeeding permanent bicuspids. The
larger mesial-distal widths of the primary molars have led to the concept of
“leeway space.” This highly variable dimension, averaging 0.9 mm in the
maxilla and 1.7 mm in the mandible, has been given extensive clinical con-
sideration. One reason for this interest is the occlusal relationship seen most
commonly between the erupted first permanent molars. Before the loss of the
primary molars, the first permanent molars tend to be directly opposed, with
their cusp tips in contact. This occurs because the distal surfaces of opposing
second primary molars lie in a straight line. The normal relationship between
first permanent molars can then only be established by the eruption of the
mesial-distally smaller permanent premolars. Because a greater leeway space
exists in the mandibular arch, the mandibular first permanent molar, respond-
ing to its mesial component of force, moves farther forward than does the
maxillary counterpart. As a result, the mesial cusp of the maxillary first per-
manent molar meets the central fossa of the mandibular first perinanent molar.
This “mesial step” position constitutes the normal molar occlusal relationship.

The same mandibular leeway space is also considered useful for the space
allowance required for proper alignment of the lower anterior teeth. In
individual clinical cases, the resolution of both of these problems is subject
to great variation.

An additional complication results when the normal sequence of eruption
does not occur. The sequence which is particularly disturbing involves the
eruption of the second permanent molars before the eruption of the second
bicuspids. The increased mesial component of force derived from the eruption
of the second permanent molars may reduce the space available for the second
bicuspid during the brief period between exfoliation of the second primary
molar and its eruption.

When all events occur ideally, the result is a functionally and esthetically
beautiful dentition. Far too often, however, the outcome leaves much to be
desired. In today’s social climate it is imperative to know more about the
significance of each of the deviations and to mobilize resources to cure the
ones which will cause significant problems.
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SPEECH MATURATION

FREDERIC K. W. CURRY

Stegel Institute for Communicative Disorders
Michael Reese Hospital and Medical Center, Chicago, Illinois

There are thousands of babies being born throughout the world at this very
moment, uttering their first birth cries, who in the next 48 months will master
something to an extent that most of us could not equal in the rest of our life-
times. I refer, of course, to the mastering of a spoken language never heard
before. For most of us, despite our education, degrees, fancy titles, and various
sophistications, learning to speak a language we have never heard before would
constitute an Herculean task, with or without formal instruction. Those of us
who succeeded in reaching a level where we could converse spontaneously
with a native speaker would continually betray our “foreignness” through
mispronunciation, inaccurate stress and intonational patterns, errors of gram-
mar and word order, and limited vocabulary. In contrast, our 7%-pound, 20-inch
competitors will have achieved a high level of mastery of the spoken language
of their parents in only four short years, and that with apparently effortless
learning and without formal instruction. At that time they too will have prob-
lems making some of the speech sounds and getting the correct grammatical
constructions, but they will be able to express themselves and be understood.
Their vocabularies, however, will be ample and expand with little effort as
their experiences and interests widen and as their cognitive development pro-
ceeds. Although the newborn infants of today will not have totally mastered
the spoken language of their parents four years hence, they will have so
mastered the code that no native speaker of the language would view them as
being “foreigners.” Furthermore, they will be able to generate utterances in
the spoken language code which they have never heard spoken before. They
will be originators of uniquely verbalized thoughts and ideas, not mere talking
machines parroting back what others have said to them. It is the emergence of
this uniquely human attribute of verbal communication which we are con-
sidering here, going from the neonatal state when speech is neither understood
nor produced to that point in later childhood when linguistic competency is
variously demonstrated through the child’s capacity to understand the speech
of others and to generate speech productions which are in turn meaningful
to listeners.
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THE NATURE OF THE SPEECH ACQUISITION TASK

As a background to the topic of speech maturation it is of value to consider
the nature of that which is being acquired, namely spoken language. Language
may be broadly defined as a system of symbols which have arbitrarily assigned
meanings used by a community for purposes of communication. Such a broad
definition would include symbol systems employing a variety of transmission
modes, the most common of which would be the spoken and written languages.
Other transmission modes can and do exist, such as the manual-visual sign
language system used by the deaf community. This discussion, however, will
be limited to the spoken language system where the transmission mode is
vocal-auditory. Let us first look briefly at the nature of the sound generator
in this system.

The Speech-Sound Mechanism

The speech-sound-generating mechanism of the human involves the respira-
tory and upper digestive tracts. Figure 1 shows a schematic view of a portion
of this mechanism. In the broadest of terms, the system consists of a series of
cavities which can be shaped and coupled to varying degrees. The cavities are
the pharyngeal, the oral, and nasal cavities. The nasal cavity will or will not be
coupled to the vocal tract system, depending on the activity of the velopharyn-
geal sphincter. The size and shape of the oral cavity are highly variable,
depending on the positioning of the tongue, the lips, and the jaw. The pharyn-
geal cavity is also subject to some variation in shape. Varying the vocal tract
configuration in relation to sound production is the process called articulation.

The source of energy for the production of speech sounds is the steady
breathstream we exhale from the lungs. If this breathstream is set into rapid
vibration, an audible sound will be produced. The nature of this sound will
depend on such things as what causes the breathstream to vibrate; the size,
shape, and coupling of the cavities; and the nature of the openings out of the
cavitics.

There are essentially three ways of producing the rapid vibrations of the
breathstream to make speech sounds (Denes and Pinson, 1963). In the first
way the vocal cords interrupt the breathstream at the level of the larynx. The
vocal cords form a valve at the top of the trachea leading to and from the
lungs. When the vocal cords are open, the airstream moves freely through. If
the valve is closed, the pressure of the breathstream below the vocal cords
will cause them to vibrate. As they vibrate, the breathstream moves into the
vocal tract in a series of puffs, corresponding to the opening and closing of the
cords. This will be heard as a buzzing tone. The vocal tract, which acts as a
resonator, will further modify the character of this tone. As the shape of the
resonator is changed, so will be the nature of the tone. A speech sound pro-
duced in this manner, with vocal cord vibration, is said to be a voiced sound.

The second way of causing breathstream vibration is by forming a con-
striction at some point in the vocal tract. As the breathstream is forced out
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Ficure 1. The speech-sound-generating mechanism. (From Francis, 1958, as cited in
Brown, 1965.)
through the constriction, turbulence is created, producing a hissing sound
such as /s/ or/[/. Such sounds are called fricatives.

The third way of producing sound is to momentarily stop the flow of the
breathstream by blocking it at some point in the vocal tract, such as at the
lips. The air pressure built up behind that blockage is suddenly released,
producing the sound, such as /p/. The sounds are called plosives. Sounds
may be produced by using either a constriction or blockage of the vocal tract
in simultaneous conjunction with vocal cord vibration, as in /b/ or /z/.

Structural Aspects of Spoken Language

All spoken languages have certain structural similarities in common (Brown,

Cunry: Speech Maturation 13



1965, p. 248). These include a finite set of sound categories, a set of meaningful
units made up of combinations of these sound categories, and a set of rules
for combining the meaningful units.

The first feature, the set of sound categories, constitutes the phonological
system of the spoken language. Every language has a finite number of sounds
its speakers use to produce all of the meaningful utterances in that langnage.
Languages throughout the world vary considerably in the number and kinds
of sounds they employ in their phonological systems. English uses approxi-
mately 40-45 sound categories, whereas other languages have from 15 to 83
(Brown, 1965, p. 247).

English speech sounds can be broadly classified into two groups, vowels
and consonants. The vowel sounds are complex musical tones which are pro-
duced by vocal fold vibration and vocal tract resonance. A speaker of English
will use approximately 14 vowel sounds. For the production of the range of
these vowels, the resonance characteristics of the oral cavity are changed
by varying configurations of the tongue and lips. Vowels are frequently de-
scribed in physiological terms, by indicating the portion of the tongue acting
as a mobile articulator, and the height of the tongue. Thus a vowel such as
/if, as in heat, would be called a high-front vowel because the front of the
tongue is held close to the palate. The vowel /a/ as in father, is a low-back
vowel, A description of the lip configuration is sometimes also included in
vowel descriptions,

The other broad grouping of sounds is the consonants. These are sounds
which have greater noise components and which are produced by momen-
tarily stopping the breathstream in the vocal tract, or constricting or diverting
it. Consonant sounds may or may not be voiced. The physiological description
of consonant sounds usually involves three dimensions—voicing, place of
articulation, and mode of articulation. Place of articulation refers to the point
of stopping or constriction. The common designations of place are labial, labio-
dental, dental, alveolar, palatal, velar, and glottal. The mode of articulation
describes the nature of the breathstream interruption. Common modes are
plosive, fricative, affricative, nasal, and semivowel (glides). Table 1 sum-
marizes some of the English consonants.

Tasre 1, Classification of English consonants. —V = voiceless; +V = voiced.
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The sound categories making up the phonological system of any spoken
language are called phonemes.

A phoneme is not a single sound, but rather a group or range of sounds
which the speakers of a common language treat as though they were identical
(Carroll, 1964, p. 13). All of the sounds within a given category of phonemes
will be heard as belonging to the same family even though there may be
discernible acoustic differcnces among the individual sounds. For example, the
final sound in the word cat can be made with an audible, “aspirated” release
of the air pressure built up behind the tongue, or it can be made with a silent,
“unaspirated” release. In both instances the listener will perceive the final
sound as belonging to the /t/ category, ignoring the obvious acoustical dif-
ference, or perhaps even being totally unaware of the acoustical difference
until it is pointed out. In every phonemic category in every language there are
numerous sounds, and these sounds will all differ to some degree in their
acoustic features or the way they are formed by the speech mechanism. These
differences may result from (1) the improbability of a given speaker producing
the same sound in an identical fashion on subsequent occasions, (2) differences
arising when different speakers attempt to produce the same sound, and (3)
differences which arise out of the speech-sound context in which they occur.
An example of this latter difference is the tendency for English speakers to
change the duration of a vowel sound, depending on whether or not the fol-
lowing consonant is made with the vocal cords vibrating. In the word pair cogt-
code one can easily hear that the /o is longer in code where is it followed
by the /d/, which requires vocal cord vibration. This difference in duration,
while discernible, is not critical to the listener’s percepton, and so the two
sounds are judged to belong to the same phonemic family.

The corollary to the foregoing discussion is the concept that all of the
sounds judged to belong to the same phonemic family share certain common
attributes called distinctive features. Any sound not having all of the distinctive
features of a particular phonme will be perceived as belonging to a different
phonmic category. Phonemes of a language will differ from one another by
one or more distinctive fratures. For example, the phonemes /p/ and /b/f
differ by only one distinctive feature, that of voicing (presence or absence of
vocal cord vibration ). Distinetive features defining the sounds of one language
may vary from those of another language. For example, duration of a sound
may be a critical variable in a language, so that two sounds that are identical
except for length of utterance may be perceived by listeners as belonging to
different phonemes. This does not happen to be the case in English, where
we saw in the example of the word pair coat-code that the vowels in both
words were perceived as belonging to the /o/ phoneme, despite durational
differences. The distinctive features which are perceptually important for
English, or for any other language, are not fully identified, and much of the
work in this area is largely theoretical (Jakobson, Fant, and Halle, 1963;
Chomsky and Halle, 1968).

The phonemes discussed thus far are segments of sound which are com-
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bined with other segments to form larger clements of speech. These individual
phoneme segments carry no meaning in the sense that they refer to, or stand
for, something. They are, however, considered to be the smallest elements
of spoken language which, if changed, will affect what the listener perceives
and possibly confuse or change the meaning of what he hears. Referring back
to the example of the word cat, we see that the final /t/ phoneme might be
rendered in several different ways and the word still would be perceived as
cat. However, if the speaker alters onc of the distinctive features of /t/ by
making it voiced instead of voiceless (adding vocal fold vibration), then the
listener perceives the phoneme /d/ instead of /t/. This changes the perceived
word from cat to cad.

In addition to the system of phoneme segments, there are other kinds of
phoncmes in the phonology of any language. These generally are classified as
stress, pitch, and juncture phonemes. Such phoncmes are not segments of
sound, but rather they occur simultancously with the phoneme segments, or
separate them (Carroll, 1964, p. 16). Stress refers to the relative degree of
intensity with which a syllable is uitered; pifch refers to the rclative height of
the tone of a syllable and to the contour or intonational pattern; and juncture
refers to pauses or transitions between speech scgments. Every language has
such phonemes (sometimes called suprasegmental phonemes) which can alter
meaning, but the naturc of these suprasegmental phonemes will also vary from
language to language.

It has been proposed that a relatively small number of attributes or features
underlie the phonology systems of all languages, and that these features
reflect the innate capacity and characteristics of man’s sound-producing
mechanism and ability to perceive sound {Lieberman, 1967; Menyuk, 1968;
Stampe, 1969). One aspect, then, of the speech acquisition task is to “crack”
the phonological code of the language. Ultimately this means the capacity to
perceive and generate the acoustic speech signals according to the phonologi-
cal rules of the language.

Earlier I mentioned that spoken langnages have three common features. The
feature discussed thus far has been phonology or sound structure. The other
two features common to all langnages are a sct of meaningful units and rules
for combining these meaningful units into larger utterances. Linguists call the
smallest meaningful units of a language its morphemes. A morpheme consists
of a sequence of phonemes combined according to the phonological rules of
the language. All morphemes have some semantic content. Some morphemes
can stand by themselves as words, such as dog or cat. Such morphemes cannot
be reduced to smaller semantic units. However, not all morphemes correspond
to words. For example, the word dogs is made up of two morphemes, dog and s
(actually /z/}. The first morpheme, called a free morpheme, can stand alone,
but the second must always be in combination with another morpheme and so
is called a bound morpheme. Nevertheless, it still has semantic content de-
noting plurality. Words in English are either free morphemes or various com-
binations of morphemes, free or bound.
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Morphemes can be combined with one another to form words and larger
constructions which we would commonly call phrases and sentences. Every
language has a grammatical structure consisting of rules governing the building
of words (morphology) and the building of sentences (syntax). It is this
latter feature, the rules for building sentences, which permits an almost infinite
number of utterances to be generated in a language.

Mastery of a spoken language by a child, then, will entail not only the
cracking of the phonclogical code, but also learning to recognize and produce
the morphemes of the language (a never-ending process ), as well as developing
competency in applying grammatical rules to understand and produce spoken
language.

The discussion of spoken language thus far has dealt in broad terms with
the structure of language, with little reference to meaning, Structure of lan-
guage at the level of morphology and syntax is intimately related to meaning,
but structure can exist independent of meaning, as illustrated by such non-
sense verse as Lewis Carroll's:

"Twas brillig and the slithy tove
Did gyre and gimble in the wabe . . .

(Also see Berko, 1958). Our language competency tells us that we arc hearing
correct English and we can almost “taste” the meaning, but it is hollow form.
Meanings of morphemes are essentially arbitrary. There is usually no innate
relationship between the meaning of a word and its referent. For the child
learning a language, the meanings of the morphemes must be determined and
memorized. It has been estimated that highly educated people may leamn to
recognize the meaning of 100,000 morphemes, but rarely produce more than
one-tenth of these (Miller, 1951). Since the semantic content of a language
reflects the cognitive operations of the speech community (and may also in-
fluence cognition as well—see Brown, 1958), the child must develop similar
perceptual and cognitive organization of his world if he is to incorporate the
word referents into his vocabulary. For the child, as well as for any speaker-
listener, the meaningfulness of the infinite number of sentences heard will
greatly depend on his knowledge of the meanings of the morphemes and his
familiarity with the grammatical constructions and their meanings.

Mastery of a spoken language entails the development of a language com-
petency which involves the establishment of certain cognitive categories and
a “sense” of the underlying phonological and grammatical rules of a language
which permit the individual to understand and generate utterances he has not
previously heard. Although language competency is revealed through per-
formance in talking or listening to speech, psycholinguists consider competency
as being distinct from and underlying performance. Language performance,
that is listening and speaking behavior, can be described, but if the regularities
described are to be understood and explained, then it must be done with
reference to the underlying language competency (McNeill, 1966).
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Some Considerations About the Learner

Thus far the discussion has been concerned primarily with aspects of the
spoken language which are being acquired by the child, Let us now consider
some aspects of the child who is the acquirer. The child acquiring language
is a dynamic and changing organism. The period of life when language emerges
is also the period when there is greatest physical maturation. The patterns,
directions, and speed of all facets of development of the child are determined
by the interaction between the innate, genetically endowed program and the
environmental forces and influences. The nature and effects of this interaction
will continually vary, depending upon the stage of maturation of the child.

The newborn child cannot be regarded as a miniature adult without speech,
a tabula rasa onto which language will be imposed. Nor can he be considered
nothing more than a helpless, hairless ape who will be different from the apes
of the jungle only by virtue of his learning the language and social mores of the
humans around him. If an infant could survive being reared by apes, he would
be more than an ape, although without speech. Likewise an ape reared by
humans will not attain the status of a human, nor learn language. The human
infant is genetically endowed with the capacity to acquire spoken language
{Lenncberg, 1967). This capacity gradually unfolds as the child matures. This
maturation takes place in a linguistic environment, and at various stages in the
unfolding process the child will respond to the linguistic environment in various
ways. These responses show a degree of regularity from child to child, both
in the order and in the time of emergence. This is true whether the spoken
language of the environment is English, Russian, Chinese, or any other of the
world’s languages. A child acquires one language as easily as another. Ex-
ternal influences cannot appreciably speed the maturation of a child’s language
acquisition system; they can, however, delay it. Furthermore, there is some
evidence that there is a critical period early in life, possibly the prepubertal
vears, during which spoken language can most easily and spontaneously be
acquired. Once this period js past, language learning or relearning becomes
more laborious. This may well be related to man’s pattern of ncurophysical
development, going from a state of great plasticity and adaptability in infancy
to one of increasing complexity and higher level of organization. The higher
the level of organization, the lesser the adaptability.

The regularity in the development of spoken language from child to child
among existing speech communities suggests that normal, healthy infants are
endowed with similar predispositions to react to the world around them. The
neurophysiological system places certain common constraints upon infants in
sensory processing, integration, and motor output. Much human behavior has
as its basis the development of hierarchies of categorization. For infants there
may be certain natural tendencies, based upon neurophysiological constraints,
to process and categorize sensory information in common ways. Just as a
tuning fork has a natural frequency to which it will respond, the maturing
infant may have the capacity to respond to certain contrasts contained in
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incoming information. As the system matures, these contrasts will be elaborated
and added to, and a hierarchy of superordinate-subordinate categories will be
developed. Relating this to the perception of spoken language, certain aspects
of the speech signal may be most easily distinguished early in infancy. Perhaps
the grossest might be that which permits the infant to distinguish human
speech sounds from the vast array of other sounds he hears. As the infant
matures and the system permits, he gradually perceives stress and intonation
patterns and the other acoustic features which form the distinctive attributes
of speech. On the side of vocal output, the neurological-anatomical-physi-
ological attributes of their sound-producing mechanisms impose similar con-
straints on all infants, They have an innate phonological capacity which will
vary at different stages of development. For speech production this is intimately
locked to sensory feedback mechanisms, particularly the auditory and tactile-
kinesthetic mechanisms. Qut of this natural, innate- phonology emerges the
phonology of the spoken language being learned through ordering, limiting, or
suppressing certain innate phonological processes (Stampe, 1969).

Although the spoken languages of the world vary considerably in their
structural attributes, they are, nevertheless, products of human beings. Many
psycholinguists feel that there are universals which underlie all languages
(Brown, 1965). The presence of these universals, the regularity and ordered
emergence of speech, and the fact that any normal infant can learn any of the
world’s languages with apparently the same ease, suggest the intimate rela-
tionship between human genetic endowment and the learning of spoken lan-
guage.

Having considered some aspects of spoken language structure and the child
acquiring language, let us turn to a description of the emergence of spoken

language.

EMERGENCE OF SPOKEN LANGUAGE

Taking a panoramic view of the emergence of spoken language, one sees
a developmental process which ranges from a completely nonlinguistic state
in infancy to a state of near linguistic mastery well before the first decade of
life is completed. As one moves along the chronological age line, there are
progressions from the involuntary to the voluntary, nondifferentiated to the
differentiated, and nonpurposeful to the purposeful. One also sees a pattern of
behavior indicating that auditory discrimination and comprehension precede
speken language production. Much of the study of the emergence of speech
has dealt primarily with production. Relatively little is known about the
developmental aspects of auditory reception and comprehension as well as the
development of the coupling of production and reception through feedback
mechanisms.

When the infant is born he is capable of responding to acoustic stimuli and
producing sound. Actually, the capacity to respond to acoustic stimuli is de-
veloped well before birth, but it is not clear to what intensities and range of
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frequencies the fetus can respond (Carmichael, 1954). The first sound pro-
duction utilizing the vocal tract coupled with the respiratory system is the birth
cry. This is a spontaneous reflexive sound which occurs in the first moments
after birth when respiration is being established. It is the result of the passage
of air activating the vocal cords and may occur on both inspiration and expira-
tion, This represents the first time the infant hears his own voice.

The range and kinds of sounds the child produces during the very early
weeks of life will be relatively independent of the speech stimulation provided
by the environment. Even hearing children who are born to deaf parents (who
cannot hear their children and who themselves produce deviant speech sounds)
have been obscrved to make as much noise and go through the same sequence
of vocalization at comparable ages as children with normally hearing parents
(Lenneberg, 1967, p. 137). This is not meant to imply that early speech stim-
ulation is unimportant, since it undoubtedly affects the nature of speech output
at a later stage. The sounds infants make during these early months are pri-
marily related to physiological states of comfort and discomfort. In the early
weeks, crying and whimpering sounds associated with discomfort predominate,
but gradually over the next several months, comfort sounds will begin to
appear. An adult listener will perceive these carly, comfort sounds as being
predominantly vowel-like, similar to the vowels made toward the front of the
oral cavity, Consonant-like sounds heard at this time, such as /k/ and glottal
sounds such as /h/, tend to be produced toward the back of the oral cavity.
By the time the child reaches his sixth month he will have produced most of
the vowel elements and about half of the consonants. (See McCarthy, 1954,
p- 509 and 510, for a summary of the studies by Irwin and Chen of early sound
development.) Although the sounds the cooing infant produces at this time
may be classifiable in terms of an adult listener’s phonemic system, the sounds
are not phonemic for the infant and not used linguistically. During these early
months, hearing seems to play little part in the amount or kind of sound pro-
duction. This is illustrated by the observation that until about the sixth month
of life deaf children who arc deprived of auditory feedback still produce
sounds similar to those that hearing infants produce (Fry, 1966; Lenneberg,
1967, p. 139). Although the actual output seems little affected by the presense
or absence of hearing in early life, it is quitc probable that associations are
beginning to be established in the child’s brain between the sensory feedback
systems of audition, touch, and kinesthesia, and the mechanisms of sound pro-
duction.

The infant also is beginning response to events outside his body. At some
time during his first two months, the infant seems to differentiate the sound of
the human voice from other sounds and will attend and react positively
(McCarthy, 1954). There is some recent evidence that infants as voung as one
month may be able to discriminate between certain acoustic cues which signal
a phonemic difference for adults (Eimas et al,, 1971). It would indeed be
surprising if the child did not begin to attend to his auditory world and make
auditory discriminations during these early months which will form the basis
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of later phonemic categorization and speech comprehension and production.

Possibly beginning about the third or fourth months, but even more evident
around the sixth mouth, is the gradual emergence of vocalization by the
infant which seems to be related to his capacity to monitor himself, chiefly
through hearing. This is the babbling stage, a period characterized by what
has been called vocal play. During this stage there is an increase in the amount
and variety of vocalization which seems to be related to self stimulation.
During the babbling stage, at approximately six months, deaf infants begin
te show differences from normals in their vocalizations. They may begin the
babbling stage, but do not normally sustain it {Fry, 1966). Babbling occurs
during comfort states and seems to be pleasurable for the child. Early in the
babbling stage a sound produced by the child will evoke another sound. As
the auditory-motor patterns are built up, sequences of the same and contrasting
sounds will be made. During this vocal play a wide variety of sounds will be
produced, far more than a child will ultimately need to learn the spoken
language of his parents. Some observations suggest that early in the babbling
period infants from varying language environments are not easily distinguish-
able, but as thc babbling period goes on there is a drift toward the sounds,
stress, and intonational patterns of the language of the parents. Such a drift
can be detected as early as the sixth or seventh month (Weir, 1966}, This
drift obviously signals that the child is beginning to distinguish patterns and
attributes of the language.

During this period the child has become much more of a social being. He
will begin to signal emotions and needs vocally, and he will begin to respond
to the speech of others with vocalizations. This gradually progresses to where
there may be gross imitations or echoings of sounds, words, and inflected
jargon. Signs of true comprehension also emerge around the ninth month.
There will be differential responses to different intonational and stress patterns.
A sharp “No” or “Bye-bye” will produce responses which show a degree of
comprehension. At approximately 12 months the first meaningful word ap-
proximations will appear.

Much of the first year of life constitutes the prelinguistic stage of spoken
language development. During the first half of the second year, prelinguistic
behavior continues, in the form of continued vocal experimentation and jargon.
The period from 12-18 months is not marked by great growth in spoken
language production, although comprehension increases rapidly. The child
will show understanding of simple commands, and will recognize many names
of people and objects when named by others. By 18 months, his expressive
vocabulary is usually still countable—perhaps 10 to 50 understandable words.
He is not yet likely to combine words, but he will use a single word to express
a whole idea. He will also produce completely unintelligible strings of jargon
which may grossly adhere to the phonological rules of the language and have
intonational and stress patterns which are linguistically appropriate, but
which seem devoid of meaning. At this time he shows little frustration when
not understood.
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At some time around the twenty-fourth month the first productions showing
syntactic development begin to appear in the form of simple, two-word
phrases such as “More juice.” Between this time and the age of three or four
vears, the child develops great verbal facility. Vocabulary, sentence length, and
sentence complexity all increase remarkably. A reflection of the childs lan-
guage competency at the age of three years is that he will show all of the
major parts of speech that an eight-year-old child will show, and in roughly
the same proportion (Templin, 1957). The child of three or four will show
many grammatical inaccuracies and still be producing many structurally
incomplete sentences, but by then he will have abstracted major grammatical
principles which underlie language comprehension and production.

Part of the developmental sequence in spoken language acquisition in-
cludes learning the phonological code. We can assume that when the child
begins to respond diffcrentially to spoken language sequences he is beginning
to operate with the phonemic system of the language. This will eventually
show itself expressively in successively closer approximations of correct speech-
sound productions. Apparently the child does not learn the individual sounds
of a language as isolated segments which he then combines into sequences to
which are added meanings. Study of early speech development suggests that
the child operates perceptually with larger segments and that part of the
developmental process is the progressive discrimination of smaller segments.
The learning of correct speech-sound production is thought to be understood
best in relationship to the concept of distinctive features. In other words,
instead of learning 45 different speech sounds as individual and completely
distinct units, the English-speaking child learns a smaller number of distinctive
featurcs, which in varjous combinations will yield the spcech sounds. The
initial mastery of a few sounds, each consisting of a set of attributes, may
provide a base from which all other sounds can be derived by various com-
binations of their distinctive features (Crocker, 1969).

Studies of the speech-sound development of American children show a
process which is not completed until approximately the eighth year (Templin,
1957}. There is substantial agreement that certain sounds arc mastered earlier
than others in the developmental period. In her study of 480 children, ages
three to eight, Templin (1957} observed that vowel sounds seem to be learned
earlier than consonants, and consonant blends, such as /st/ seem more difficult
than single consonant units. Among various types of consonant sounds the
ranking from most to least accurately produced seems to be nasals, plosives,
semivowels, fricatives, and combinations. Considering specific consonant
sounds, Templin found that 75% of the children had mastered the consonant
sounds at the ages indicated in Table 2.

The mastery of consonants varies, depending on their position in a word,
The general trend is for consonants to be more accurately produced at an
earlier age when they occur in an initial or medial position in a word, rather
than a final position,

Typically, the inaccuracies a child demonstrates in learning the speech
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TasLe 2. Ages at which 75% of Templin's {1957} subjects mastered various consonant
sounds.

Age Sound

3 m, n,ng p.f, h,w
3.5

4 Kg bs d; g: r

45 s, sh, ch

6 t, th (voiceless), v, 1
7 th (voiced), z, zh, j

sounds of a language will fall into one of these types: complete omission of a
sound, substitution of one sound for ancther, or distortion in which there is
an inaccurate approximation of the sound. Of these three types of errors,
Templin found substitutions to be the most prevalent at all ages. The per-
centage of speech sound inaccuracies which take the form of omissions shows
a marked drop as the child matures, and at the later ages inaccuracies are
predominantly substitutions and distortions.

The judgment as to whether or not a child has an articulation problem has
to be made in reference to the developmental emergence of sounds. Inaccurate
production of a sound at one age may be quite normal, whereas it might be
considered an articulation disorder at a later age. Of the various speech sounds,
the ones which are most frequently seen as defective are those which tend to
be learned later in the developmental progression, such as /r/, /s/, /1/, and
/8/ or /8] (Van Riper, 1963).

Such studies as Templin’s, which shows results fairly consistent with earlier
studies by Poole (1934) and Wellman et al. (1936), indicate that there is
some degree of relatively orderly sequential development of speech sounds.
These studies, however, provide little information about the processes of
speech-sound acquisition, particularly the perceptual processes presumed to
underlie production. Why certain sounds emerge consistently later than other
sounds is-still not known. This may be due to the perceptual and productive
complexity of the sounds.

As I have already mcentioned, it has been hypothesized that there is per-
ceptual analysis and learning on the basis of distinctive features. If the
hypothesis is so, the distinctive features critical for speech-sound acquisition
have not yet been identified. Several distinctive feature systems have been
proposed, such as the more traditional one, presented earlier, which includes
voicing characteristic, manner of production, and place of articulation, as well
as that proposed by Chomsky and Halle (1988) which includes such features
on vocalic, consonantal, coronal, anterior, rounded, nasal, continuant, voiced,
and strident. However, in a recent study of the perception of phonological
opposites of three- and four-year-old children, Graham and House (1971)
found that neither of these proposed distinctive feature systems, nor other
modifications, adequately identified the perceptual parameters used to cate-
gorize the speech sounds.
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CHANGES IN COMMUNICATION
ASSOCIATED WITH AGING

GERALD J. CANTER

Northwestern University Speech Clinie, Evanston, Illinois

This presentation surveys some of the changes in verbal communication
associated with aging. A great range of alterations occurs. Some changes may
be considered as normal expectations of the biological and psychological
aspects of aging, while others are related to more or less specific pathologies
which occur frequently in older persons. Another dimension to consider is the
facet of communication involved. Though the division is somewhat arbitrary,
we shall focus on four areas: voice, articulation, hearing, and language.

This discussion is intended merely to suggest the spectrum of communication
deterioration. A complete presentation of the topic is beyond the scope of this
paper, and indeed, beyond the scope of the writer.

VOICE

There is a limited body of research literature concerning the voice charac-
teristics of older persons. Most of this deals with vocal pitch and has been
reviewed by Mysak (1966). Young adult males typically produce voice at a
fundamental frequency of about 120 Hz to 130 Hz (Snidecor, 1943; Hanley,
1949). Toward middle age, vocal pitch continues to drop. Thus Mysak (1959)
reported a median fundamental frequency of 110 Hz for a group of males with
an average age of 48 years. Similarly, Canter (1963) found a median level of
106 Hz for a group averaging 57 years. With advanced age, the male voice
tends to increase in pitch. Mysak (1959) studied two groups of older men with
average ages of 73 and 85 years. The median fundamental frequency was
125 Hz in the first group and rose to 143 Hz in the second group. Among these
older males there is also an increase in pitch variability. Mysak views this
change as “an increase in uncontrolled variability, or vocal quavering . . .
an involutionary phenomenon” (1966, p. 155). He suggests several biological
and psychological factors which might be related to the pitch changes noted
in the voice of the elderly male. Among the biological factors are atrophy of
the central nervous system; increased blood pressure; and a variety of respira-
tory, endocrinological, and muscular changes. He notes that tension and
anxiety may affect pitch level and suggests several psychological factors which
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could be expected to produce tension and anxiety, such as decreased self-
sufficiency, forced retirement, and loss of family and friends.

The aging female does not seem to show vocal pitch changes. Linke (1953)
reported a mean fundamental vocal frequency of 200 Hz in a group of young
adult women. Almost identical findings emerged from the study of McGlone
and Hollien (1963} of two female groups with average ages of 73 and 85 years.
The lack of pitch changes in the female voice suggests that the aging female
is more stable physiologically and socioemotionally than the aging male.

We will briefly consider frank vocal pathology as it occurs in the elderly.
Many vocal pathologies could be discussed, including vocal changes due to
hormonal deficiency. But by far the most serious vocal pathology occurring
frequently among aging persons is laryngeal cancer. Obviously, this is a life-
and-death medical problem. Speech pathologists have a particular interest in
it, however, because an early symptom is apt to be alteration in voice quality,
and because to the speech pathologist falls the challenging task of helping the
postsurgical patient to develop an esophageal voice or to use an artificial voice
source. Laryngeal cancer is a problem of increasing magnitude, and it has
recently been estimated that over 2000 larygectomies are performed in this
country annually (Spahr, 1971).

ARTICULATION

Aside from the knowledge that the speaking rate tends to slow down some-
what with advancing age (Mysak, 1959), there is virtually no information as
to what might constitute normal changes in articulation among the elderly.
Of particular interest to this group are possible articulatory changes related
to dental deterioration. Again, there is precious little data; however, clinical
experience suggests that serious speech problems rarely arise on this basis,
despite the prominent role the teeth play in speech-sound production. Bloomer
(1957, pp. 640-641) states, “It is very doubtful if the absence of individual
teeth in adult life can be considered to be a significant cause of articulatory
disorders.” He goes on to point out, “A completely edentulous person may have
some difficulty in making fricative sounds clearly, and the [f] and [v] may be
particularly difficult to enunciate. Properly constructed artificial dentures will
usually bring a return of correct articulation.”

Despite this generalization, Bloomer notes that there is a paucity of research
on the effects of dental appliances on speech. He cites a paper by Tench
(1927), however, which focused on the necessity to design artificial dentures
with regard to the relation of tongue size and movement patterns to tooth
position. Tench suggested that a very broad or a habitually retracted tongue
might require a cross-bite arrangement of the molars to provide adequate
lingual space. Tench also pointed out that the sounds [s] and [z] might be
aftected by excessive width of the maxillary arch, by excessive thickness of the
incisors, or by incorrect anteroposterior positioning of the incisors. Landa
(1953) suggested that the rugae be routinely omitted from dental plates to
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avoid excess thickness which might take up valuable room required by the
tongue for articulatory movements.

The most striking and severe disorders of motor speech in general, and of
articulation in particular, in the aging population are the dysarthrias. Dysar-
thria has been defined as “a disturbance in the execution of motor patterns for
speech, due to paralysis, weakness, or discoordination of the speech muscula-
ture” (Canter, 1967). Peripheral dysarthrias include those due to progressive
degeneration of the cranial motor nerves serving the speech musculature.
Progressive bulbar palsy (often one symptom of amyotrophic lateral sclerosis }
is such a condition. Here we see a progressive, flaccid paralysis frequently
affecting, in order, the tongue, soft palate, lips, and larynx. Articulation is
often rendered wholly unintelligible. Velar weakness leads to hypernasal
voice quality and to nasal emission on pressure consonants. Vocal-fold weak-
ness causes breathy voice quality, though many patients die before laryngeal
involvement becomes evident.

Central dysarthria may arise from damage to the pyramidal, extrapyramidal,
or cercbellar components of the motor system. Unilateral upper motor neuron
involvement,! usually causing a spastic hemiplegia, will often be accompanied
by a central facial paresis on the same side as the hemiplegia. However, the
effects of unilateral facial and lingnal involvement on speech are usually mild
and transitory (Brain, 1951; Canter, 1967). Most patients develop adequate
compensatory movements for speech with little or no special training. When-
ever a persistent speech disturbance is observed in such an individual, one
should suspect possible bilateral impairment or the presence of a higher-order
disturbance (apraxia or aphasia).

Bilateral involvement of the descending upper motor tracts, as in cases of
multiple strokes or tumor, causes pseudobulbar palsy. Darley, Aronson, and
Brown (1969) have contrasted the speech symptoms of this condition with
those of progressive bulbar palsy. There is usvally a marked reduction of pre-
cision of articulation, though usually not as severe as in progressive bulbar
palsy. Hypernasal voice quality is usually present, also not as severe as in
the lower motor neuron disorder. Hypertonia of the laryngeal muscles may lead
to a forced, harsh vocal quality, as contrasted with the hypotonic vocal folds
of progressive bulbar palsy and the associated breathy voice quality.

Lesions of extrapyramidal motor centers lead to a variety of dyskinetic
disorders, all of which may affect speech. In athetosis, chorea, ballismus, and
dystonia there is a great deal of involuntary movement and unpredictable
shifting of muscle tone. Obviously such dysfunctions of the motor system will
lead to breakdowns in articulation as well as to abnormalities of respiration
and phonation. In Parkinson’s disease, another extrapyramidal disorder, the
predominant symptomatology, despite the presence of tremor, is hypokinetic.
Slow, imprecise movements of the articulators directly affect articulation. Voice

1Thoug}1; this type of involvement is often referred to as “pyramidal” clinically, it is
typically based on combined damage to pyramidal and extrapyramidal tracts.
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changes are also frequently observed. In this condition, there is frequently
a reduction of automatic and associated movement in contrast to relative
preservation of voluntary movement. Many of the speech problems of the
patient with Parkinson’s disease may relate to his inefliciency in using speech
automatically and his necessity to consciously program his speech performance,

In ataxic dysarthria, caused by damage to the cerebellum or its projections,
the general ataxic symptoms of dysmetria, decomposition of movement, and
dysdiadochokinesis are manifest in speech behavior. Scanning speech, where
the individual speaks in a syllable-by-syllable fashion, is common; there are
some ataxic patients whose speech is markedly dysrhythmic and “explosive.”
Some of these patients, have a severe neurogenic form of stuttering. Neurogenic
stuttering occurs not only in the dysarthrias, but also in some patients'with
apraxia and in some with aphasia {Canter, 1971).

HEARING

Presbycusis, hearing impairment related to aging, is common, presumably
duc to deterioration of the auditory end-organ and of the central auditory
pathways. Spahr (1971), reviewing National Health Survey figures, estimates
that between 13 and 23% of our population over age 65 have sufficient bilateral
hearing impairment to cause problems in understanding speech and thus to
restrict social efficiency. There are somewhere in the order of two and one-half
million Americans with significant presbycusis.

The hearing loss of the elderly person often goes far beyond a mere reduc-
tion of auditory sensitivity as measured by the purc-tone audiometer. There
are frequently problems of speech discrimination, dysacousis, which are not
explainable on the basis of sensitivity loss. Such persons are aware of the
presence of the speech signal, but they cannot perceive it accurately. The
signal has somehow become garbled in its transmission from ear to brain.
Amnlification is typically not of value to such an individual; in fact, limited
fidelity of the hearing aid may exaggerate their problem of discriminating
speech. ( This is not to say that hearing aids should not be considered for the
elderly person. There are many with hearing losses who could profit enor-
mously from amplification. An audiological evaluation should surely be made,
to see if a hearing aid would help in any individual case.) When we add
dysacousic individuals to those with losses of hearing sensitivity, one person in
four over age 60 might be expected to have a handicapping hearing impair-
ment (Subcommittee on Human Communication and Its Disorders, 1969).

The social and emotional impact of hearing impairment on the older individ-
ual are often serious. Some persons try to hide their handicap and live under
the constant strain of being found out. Their responses to speech may be
bizarre, because they would rather gucss at what was said rather than ask
to have it repeated. With severe losses, depression and paranoid feelings may
develop. For those individuals still at work, the vocational ramifications of
hearing impairment are profound and obvious.
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In communicating with the older hearing-impaired person, one should get
his attention before starting to speak specifically, Facing the listener gives him
the opportunity to use visual clues to supplement what he gets auditorily. A
somewhat reduced rate of speech will help, as will clear—but not exaggerated
—articulation, Patients with cochlear involvement frequently have the problem
of loudness recruitment, in which small changes in the physical intensity of
the signal are perceived as large changes in loudness. The speaker must be
sensitive to this kind of problem as he determines- how much to raisc his voeal
intensity level to facilitate comprehension.

LANGUAGE

Little information is available regarding changes in language behavior that
might be cxpected to be correlated with aging. However, considerable atten-
tion has been given fo many of the psychosocial aspects of aging. We should
anticipate that language, as a vehicle for expressing thought and feeling, might
reflect certain of these changes. Wolf (1959) has reviewed much of this
literature. For this paper, however, we will consider but a single contribution,
a paper by Gitelson (1948). In this paper, Gitelson focusced on six important
aspects of psychosocial patterns of older persons: (1) decreased memory for
recent events, (2) sharpened memory for past events, (3) increased self-
assertiveness {perhaps compensatory for insecurity), (4) depression (caused
by isolation}), (5) introversion and paranoid attitudes, and (6) free-floating
anxjety (in reaction to the death of peers). In our communication with the
aged individual, we must be aware that what he says is often expressive of
such states and feelings. He may have greater need to express himself in this
regard than to express the information which we, as listeners, might be im-
patient to receive.

Of course, some changes in language behavior are not normal manifestations
of aging. The most apparent and dramatic language pathologies are those due
to cerebral lesions and catalogued as aphasia. Aphasia occurs in all age groups,
but with cerebrovascular accidents being the most prominent ctiological
agents, it is clear that senior citizens constitute the greater part of this popula-
tion. The Subcommittee on Human Communication and Its Disorders {1969)
of NINDS has recently made a conservative estimate that some 600,000
Americans have survived various types of brain injury (such as strokes, trauma,
tumors) with aphasic sequelae. The Subcommittee points out that “even
those cases not considered aphasic may show subtle deviations of language
and thought when examined by appropriate methods. These impairments may
be of no consequence to a majority of patients; but for those whose work
requires a high level of competence . . . these impairments may be grave”
(p. 16).

Aphasia is usually viewed as a disturbance in language functioning due to
unilateral cerebral damage. In the great majority of individuals, the left
cerebral hemisphere is dominant for language, so that left brain injury is most
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often associated with aphasia. One clinically useful and scientifically defensible
breakdown of the aphasic population into more or less distinct syndromes
recognizes three major varieties: amnesic (nominal) aphasia, Broca’s (pre-
dominantly expressive) aphasia, and Wernicke’s (predominantly receptive )
aphasia. Patients with severe impairments of language in all modalities are
frequently classified as having global aphasia.

Disturbances of word retrieval, or word finding, are a common feature of all
aphasia syndromes (Schuell, Jenkins, and Jimenez-Pabon, 1964; Goodglass,
Quadfasel, and Timberlake, 1964), and thus they are not of localizing sig-
nificance. When such a problem occurs in relative isolation, we have amnesic
aphasia. A patient with this problem usually understands rather well. He tends
to speak fluently until he hits a word lapsc. His inability to call up the needed
word is not at all limited to nouns, but may occur with words of any gram-
matical class. Typically, it is the word which is most crucial to the communica-
tion which causes trouble—the psychological (not necessarily grammatical}
subject of the sentence. Words with relatively low frequencies of occurrence in
the language also tend to be particularly difficult.

When the damage causing the word-retrieval problem is in the frontal lobe,
in the region of Broca’s arca {area 44), we find much increased difficulty in
expression due to impairment of the neural mechanisms involved in organizing
and programming motor speech. This impairment is a form of apraxia and
renders the patient’s speech slow, laborious, and inaccurate. Word-finding dif-
ficulties and verbal apraxia are frequently combined with reduced use of
connective or function words (agrammatism) in Broca’s aphasia. ( Just as word-
finding problems may occur in relative isolation, so does verbal apraxia
[Johns and Darley, 1970]. Verbal apraxia is seen most often, however, in the
context of the syndrome of Broca’s aphasia.) Like the amnesic patient, the
Broca’s aphasic tends to have relatively well-preserved verbal comprehension.

In the third major variety of aphasia, Wernicke's aphasia, serious impair-
ments of verbal comprehension are usually noted. It is generally conceded
that the damage in Wemnicke’s aphasia is usually in the auditory association
cortex { Wernicke’s area ). Apparently this damage directly causes the reduction
of comprehension, and it indirectly causes the changes in expression which are
invariably seen in Wernicke’s aphasia. Released from the normal sensory
guidance of the auditory association cortex, the frontal motor areas operate
autonomously and lead to the production of bizarre misarticulations (literal
paraphasia or secondary apraxia ), incorrect word selection ( verbal paraphasia},
and often a copious but largely meaningless verbal output which may include
both words and nonwords (neologisms).

SUMMARY

Changes in voice, articulation, hearing, and language occur commonly in
association with aging. Some of these changes are to be more or less expected
as a consequence of normal aging, while others are caused by specific pathol-
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ogies occurring frequently among senior citizens. This paper has attempted
to provide a survey of varieties of communication changes observed in the
aging population.
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DEGENERATION OF DENTAL AND
OROFACIAL STRUCTURES

SIDNEY I. SILVERMAN

New York University College of Dentistry, New York, New York

Degeneration is classically defined as a multifactorial process. It is de-
scribed in its morphologic relationship as a retrogressive pathologic change
in cells or tissues, in its physiologic relationships as a deterioration of mental
or physical qualities and biologic activities, and as a function of normaley it
is discussed as a deviant change in structure or in function to a state or type
other than normal.

Weiss (1968) further describes degeneration as “a continuous succession
of processes of change and transformation, going on incessantly in uninter-
rupted sequences throughout the life span on an individual until death.” He
states further, “The rate of change for each tissue varies markedly for different
periods and further, there is no abrupt discontinuity from which one could
date the onset of deterioration or even of aging.”

Degeneration is also associated with the unique biologic property of adapta-
tion—a process whereby cells and organs, organ systems or individuals respond
in part or in whole to noxious events. In the process of adaptation, these re-
sponse mechanisms in health and disease states should enable the structures
to retain their identity and stability of function. Thus, if any system endures
beyond the changes of its parts, the structures arc said to be in healthy
equilibrium, that is, in harmony with their internal and external environment.
When the response mechanism of a structure or system cannot retain its
identity and function, the degeneration process ultimately leads to death of
the cell, the organ, or the individual.

Thus clinicians and patients, reinforced by these definitions, usually con-
sider the processes of degeneration as disease states which are described and
annotated in pathological terms and symbols. These disorders are organized
as syndromes, disease entities, or functional derangements which vary from
some statistical normative state.

This disease-oriented model system for describing degeneration in general
and dental deterioration in specific has skewed treatment, research, and
education in dentistry toward extensive expenditures of energy and resources
for the study of the pathologic and degenerative aspects of disease. Hence
the professions are preoccupied with diagnosis and restorative and rehabilita-
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tive procedures. On the other hand, it is my judgment that insufficient energy,
insight, and study may have been mobilized for the investigation of the normal
physiologic mechanisms of response to the disease. This lack of focus on the
physiologic response mechanisms to disease processes explains in part the
difficulty preventive health services have in being accepted by patients, by
community agencies and resources, and even by the health professions.

This paper will discuss dental degeneration in some detail in each of the
areas of definition mentioned above. However, I wish first to review some
morphologic characteristics of the orofacial structures which are of mutual
interest to the speech pathologist and the dentist. A joint bond is the fact
that speech symptoms are diagnostic signs of systemic or behavioral dis-
orders which affect dental therapy.

MORPHOGENESIS

The morphogenesis of the orofacial complex of skeletal, muscular, and
epithelial derivatives indicates that the original design of the conducting
digestive tube persists throughout the evolutionary process. The structure
of the early stomadeum with its associated musculature—which engulfed
food and which, by peristaltic action, moved nutritional elements through
the digestive tract—was modified for more complex function by the introduc-
tion of skeletal elements and a more sophisticated nerve supply. The later
superimposition of the respiratory requirements to pass air through the food
tube required greater speed and specificity of motion of the musculoskeletal
elements. The structurcs and the nervous system thus became more differen-
tiated. The muscles became striated and multipennate in arrangement, the
lever system became simplified, the number of head and neck bones were
reduced, and the temporomandibular joints became diarthrodial ginglymus
joints to serve more effectively these structures. In addition, the nervous
system proliferated the brain stem, the higher cortical centers, and the
assorted complex cranial nerve mechanisms, to provide the densest and most
varied nerve supply in the body. These nerves, which included extensive
visceral components of the branchial nerves V, VII, I1X, X, and XI, permitted
a blending and a -continuum of both visceral and somatic functions of the
orofacial complex.

For example, the nerve complex can mediate the activity of the lips, tongue,
soft palate, and larynx, which are used in the most exquisite motor function
of conscious effort, namely, speech. Yet the same structures can almost
instantaneously provide vital respiratory protection to prevent aspiration of
saliva and debris during the speech process. To effect these exquisite regulat-
ing mechanisms during the deglutitive and respiratory processes, the structures
have evolved an ingenious valving system. The anatomic and schematic illus-
trations shown in Figures 1-9 indicate the skeletal support, the contours and
tissue spaces of the split muscular conducting tube, and the valving mecha-
nisms which regulate the flow of air and nutritional substances. These illustra-
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tions describe the structural elements that dental and speech professions must
examine, restore, train, and repair during treatment.

Valving Mechanisms

Figure 1 is a midsagittal section through a cadaver, showing the two tubes

Froure 1. Midsagittal section
of cadaver. The tubes demon-
strate airway passage and food
passage crossing anteroposteri-
orly in the oropharynx.

representing the food passage and the air passage. Note that the thicker
tood tube passes through the lips and the oral cavity into the oropharynx
against the posterior wall of the pharynx, into the esophagus, and down to
the stomach. The narrow air tube passes through the nares, through the
nasal cavity and the nasopharynx, into the common oropharynx, and crosses
forward as it enters the glottis, the larynx, and the trachea, and proceeds
into the lungs. These two tubes represent the essential functions in which the
maxillofacial structures must participate. Note further the placement of the
soft palate which separates the air tube from the food tube in the superior
region. Note too that the glottis and the larynx close off the air passage
from the food passage in the lower regions of the pharynx. The soft palate
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and the larynx in a highly synchronized and organized way can rapidly close
off onc passage or the other. People do not swallow and breathe simulta-
neously; they do one or the other in sequence and thus, when a person
swallows, breathing momentarily stops. However, a person may chew and
retain food in the oral cavity while breathing. This is effected by the depres-
sion of the soft palate and its constricting action associated with contact with
the dorsum of the tongue. This valving action separates the oral cavity from
the airway. It is in this constellation of structure and activity, in which the
tissues are continuously and alternately swallowing and breathing, that dental
care and speech procedures must be performed, and into which prostheses
are placed. These replacements must conform to the activity of the structures,
particularly to the action of the soft palate and the tongue, and to the move-
ment patterns of the mandible.

Figures 2 and 3 show cross sections through the horizontal plane at the

Ficure 2, Horizontal section of cadaver
through the head at the level of the dorsum Ficure 3. Horizontal section of cadaver

of the tongue, demonstrating the diameter  demonstrating the nasopharynx separated

of the oral cavity, and nasopharynx, and the  from the oral cavity space by the soft palate
base of the cranium, musculature.

level of the dorsum of the tonguc of a cadaver. In this view, the oral cavity
has an infinitely larger diameter than does the nasopharynx, which is rather
naitow by comparison.

Figure 4 is a schematic drawing superimposed on the cadaver section which
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Ficure 4, Schematic illustraion demon-
strating airway and food tubes in relation to
the soft tissue mass and its oropharyngeal

topography.

shows the soft tissue contours. Associated valving mechanisms are shown in
Figure 5. Note that at the lowest end of the pharynx on the dorsal aspect there
is the cricopharyngeal valve, which separates the lowest recesses of the
pharynx from the esophagus. This valve is normally closed during respiration
and it opens briefly only during the act of swallowing. In the same inferior
recesses, anterior to the cricopharyngeus, is the layngeal mechanism, which

Eustachian Tube—,

Veloglossopharyngeat Lips
Valve Ficure 5. Schematic ilhus-
tration demonstrating valv-
ing mechanisms in relation
to airway and food passages.
Cricopharyngeal
Valve
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protects the sensitive lungs and is used selectively for the passage of air
during speech. At the superior most anterior recesses of the split tube one
finds the lips, which provide the oral valving mechanism, and the nares, which
are an incomplete valving mechanism brought into use only during forced
respiration. The nares are also used in an abortive attempt to hold back the
airflow during the production of a nasal snort. These orifices—the two below
and the two superiorly—are the principle entrances into and out of the oro-
pharyngeal tube. There are other valving mechanisms either smaller in size
or intermediary in location. The custachian tubes, on either side of the pharynx
slightly dorsal and medial to the soft palate, provide a valving mechanism to
the middle ear, which regulates the sound pressure levels in the middle
hearing mechanism.

The most significant intermediary valve element is the soft palate, which
elevates to reach the posterior wall of the pharynx to create the velopharyn-
geal valve. The soft palate also creates a valving mechanism with the dorsum
of the posterior body of the tongue inferiorly and the palatoglossus muscle
medially.

There are a series of subvalving mechanisms in which the tongue tip and
blade contact the lingual alveolar ridges and the teeth to provide a variety
of interruptions in the flow of air to produce consonants. The lips also engage
in a valving mechanism with the teeth to produce the so-called “dental
sounds.”

Skeletal Scaffolding

Figure 6 demonstrates the skeletal supporting mechanisms for the conduct-
ing tube. The cranial facial skeleton provides the superior skeletal support
for the flexed tube. The cervical spine is the posterior supporting mechanism
which lies dorsal to the tube. The two together—the cervical spine and the
cranial facial skeleton—provide an appropriate scaffolding to support the
suspended contours of the flexed tube. Anterior to the tube are the smaller
skeletal elements which permit rapid movement and change in contour of
the tube configuration. The mandible is in the most superior part and provides
through its joint, and particularly with the external pterygoid and digastric
muscles, a mechanism for rapidly enlarging or diminishing the gross contour of
the oral cavity. This is significant for both chewing and speech, to provide
the gross movement for changing the oral volume of space. The fine move-
ments are then made possible by more subtle changes in the oral space con-
figuration by either the tongue tip or the lips. This significant differentiation
between the action of the masticatory muscles and of the tongue muscles
is explained by the number of skeletal attachments of each muscle group. The
masticatory muscles are attached to the cranial facial skeleton and to the
mandible, and thus become two skeletal attachment muscles. This is differ-
entiated from the one attachment or no bony attachment of the lips and
tongue. The muscles of the lips on their dorsal end, for example, have just
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Frcure 6. Schematic illustration demon-
strating skeletal scaffolding supporting the
airway and food passages.

one bony attachment to the facial skeleton. The other ventral attachment is
into the orbicularis oris. This relatively less rigid skeletal relationship permits
the lips to go through a wide volume of space with rapid and subtle capacity
for change in position in tension and in form.

The tongue tip, essentially the intrinsic muscles, on the other hand, has no
bony attachments. The intrinsic muscles thus are able to curl, to furl, to roll,
and to make fine movements in and about the oral cavity (Figures 7 and 8).
The extrinsic muscles, however, have one bony attachment (Figure 8a). Of
the structures in the mouth, the tongue has the richest nerve supply, the lips
the next richest, and then the masticatory muscles. The density of nerve end-
ings, the arrangement of bony attachments, and their relationship to the chang-
ing contours of the oral cavity seem to have been designed for their special
functions. Teleologic as it may be, this is a reasonable description of the
interrelationships.

The schematic representation in Figure 9 illustrates the skeletal arrange-
ment and the reciprocal relationships of the muscle groups and skeletal ele-
ments of the head and neck region: a cranial-facial skeleton, including the
upper face; the vertebral column; the shoulder girdle; the mandible; and the
hyoid bone. :

The hyoid bone and the laryngeal skeletal complex are below the mandible.
Here the movement patterns are less differentiated than the mandibular move-
ments, but no less important to the skeletal fixation necessary for either speech
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Ficure 7. The intrinsic muscles have no bony attachments and can be moved for short
distances through three planes of space. Therefore, they can execute fine, rapid, and
sequential movements for the different acoustic effects required in consonant production.

Ficure 8. The extrinsic muscles have one bony attachment, and the other attachment
terminates in the muscle mass of the body and blade of the tongue. The skeletal attachment
allows the tongue to be moved as a single mass to varying positions within the oropharyngeal
complex. This is a relatively gross movement compared to the movements effected by the
intrinsic muscles of the tongue Hp.

or swallowing. For example, when it is necessary to elevate the larynx to
protect it as food goes into the esophagus, the mandible is fixed during swal-
lowing so that the superior and inferior hyoid muscle complex can elevate
the larynx and tuck it out of the way under the tongue. This action widens
the lower pharyngeal region above the csophagus so food passes quickly into
the stomach and protects the glottis and larynx, Maladaptive fixation is often
associated with “tongue thrusting” Contrarily, when the patient is required
to open the mandible wide, the hyoid laryngeal complex is relatively fixed
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Ficore 9. Schema of the cranio-
facial and cervical skeleton supported
by the shoulder girdle. The muscles
relating to these elements are dis-
tributed to permit alternate fixation of
the mandible and hyolaryngeal bones
for either swallowing, speech, or res-
piration. For example, to depress the
mandible, the infrahyoid muscles are
fixed by agonist and antagonist mus-
cle action to allow the suprahyoid
muscles to move the mandible down-
ward. To elevate the larynx and pro-
tect it during the act otynswallowing,
the mandible is fixed in position by
the masticatory muscles. Tooth con-
tact and tongue placement between
the teeth or alveolar bones also assist
in fixation, This action permits the
larynx to be elevated by the contrac-
tion of the same suprahyoid groups
of muscles.

and the mandible is depressed. This alternate fixation of the mandible or the
hyoid laryngeal complex makes possible rapid movements and changes in posi-
tion of the entire spectrum of contour relationships of the oropharyngeal tube.

The foregoing illustrations demonstrate the functional relationships between
speech pathology and dentistry as they relate the skeleton and muscle to
oropharyngeal space and to the nervous system.

Summary

In review, the oropharyngeal tissues are a split tube wherein the valving
mechanisms expedite the sequential and often simultaneous activities of
breathing and speaking, chewing and swallowing. The skeleton expedites the
activity of the muscles by a system of supportive and lever mechanisms for
fixation. These elements provide the speed and specificity of motion necessary
to perform a highly selective low energy movement for speech or a high
energy movement for mastication.

The muscle groups, by their radial distribution and fiber arrangement, by
the number and location of muscle attachments, and by their facial and con-
nective tissue associations, create the movement and the contour of the spaces
for either vowel production, trituration of foods, or ingestion of nutritional
substances.

Finally, there are the valving mechanisms which, in consequence of the
high neurologic innervation, are a remarkable synthesis of the activity of the
orofacial structures. The cranial nerves which serve the orofacial structures
are the apotheosis of the whole evolutionary history of the branchial arch
derivatives. The cranial nerve complex has a high autonomic nervous system
component which mediates the visceral function of the jaws, lips, tongue, and
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pharynx, and yet also has a high somatic component which mediates the
conscicus and voluntary characteristics of tissue function.

RESEARCH EXPERIENCES

Insight into this dual visceral and somatic nervous system relationship
will expedite and often simplify many therapeutic practices and provide new
frontiers for joint research. For example, soft palate function and mandibular
movement are two examples of how branchial characteristics of the nerves
can be exploited for research and therapeutic purposes.

Soft Palate

The soft palate is an important soft tissue muscle mass which is employed
to increase the retention of complete maxillary dentures by creating a posterior
palatal peripheral seal. To achieve the seal and its associated denture reten-
tion, it is essential to control the displacement patterns of the soft palate
during impression procedures. Since the soft palate is innervated by the
branchial nerves IX and X with their high visceral components from the
autonomic nervous system, the muscle mass does not respond as quickly as do,
for example, tongue blade and tip to volitional stimuli for changes in tension,
position, or movement (Figures 10 and 11). The anterior two-thirds of the
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Figure 1l1. Distribution of the glosso-
pharyngeal nerve (IX) to the soft palate
and tongue.
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Ficung 10, Distribution of the vagus nerve
(X} Hbers to the soft palate.
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tongue, however, is innervated by the XiIth nerve, which is all motor and
somatic in origin, like the spinal nerves which are essentially under cortical
control (Figure 12}). The two muscle groups, fortunately, are joined by a
common muscle, the palatoglossus, which sweeps obliquely and radially from
the tongue to the soft palate through the anterior pillar of the fauces (Figure

Frcure 13. Demonstrates anterior place-
ment of the anterior pillar of the fauces
when the tongue is protruded. The action of
the tongue is related to the soft palate be-
cause the palatoglossal muscle is common to
the soft palate and the tongue.

ngue tip is placed under

Ficure 14. To

tension against the anterior teeth or im- Freure 15. Head flexion of 30° provides
pression trays to move the soft palate down-  anterior, downward placement of the soft
ward, medially, and forward. palate during impressions.
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13). It is therapeutically possible, therefore, to control and to modify, in part,
the posture and position of the soft palate almost instantaneously by using the
tongue tip to activate the soft palate. This can be effected because of the
contiguity of the soft palate to the body of the tongue. For example, if the
tongue tip is pushed, under tension, against the lower anterior tecth, and if
the head is flexed 30°, the soft palate is moved forward medially and down-
ward {Figures 14 and 15). Several studies have demonstrated this. A cine-
radiographic study (Storch, Silverman, and Landa, 1965) showed the tensor
bulge and inferior angle (sce Figures 16 and 17); a radiographic study
showed the range of motion of the soft palate (Figures 18-21); and a clinical

Ficure 16. A
photographic frame
from a cineradio-
logic sequence dur-
ing a swallow of
radiopaque sub-
stance while the
mass is essentially
located in the oral
cavity. The sub-
stance is just be-
ginning  to move
into the orophar-
ynx. Note the con-
tour of the anterior
surface of the soft
palate. It is es-
sentially a straight
line extending in a
downward and pos-
terior direction
from the posterior
palatal spine.

Fiovre 17. The
radiograph several
frames later than
that shown in Fig-
ure 16, when the
radiopaque mass is
well into the oro-
pharynx. Note the
anterior wall of the
soft palate is sep-
arated into two
parts by an obtuse
angle. This angle
is where the so-
called secondary or
“speaking” vibrat-
ing line is visible
clinically and in
the impression.
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study (Silverman, 1971) showed the displacement patterns of the posterior

palatal seal ( Figures 22 and 23).

On the basis of these studies, dentures can now be made 8 to 12 mm
longer (Figure 24), to improve retention for patients with very mobile or
resorbed alveolar ridges (Figures 25 and 26). The same control of the soft

@
il

i

-
H
e
=
e

Ficore 18. Cephalometric radiograph
demonstrating a part of the tongue and the
soft palate during speech production of /e/.
Note the elevated and posterior position of
the soft palate as it appears to contact the
posteriar wall of the pharynx.

Ficure 20. Cephalometric radiograph
demonstrating  displacement of the soft
palate when the head is held in 30° flexion
and the tongue is held in active tension
against the index finger in the position of
the lower incisor. Note the relatively for-
ward and downward displacement of the
soft palate.

Ficure 19. Cephalometric tracing of the
radiograph shown in Figure 18.
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Ficure 21. Cephalometric tracing of the
radiograph shown in Figure 20.
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palate makes it possible to make impressions for palatal lift prostheses for
incompetent palates, or to teach patients to elevate the soft palate by
modifying the position of the dorsum of the tongue.

The analysis of the nerve supply to each part of the tongue demonstrates
the mechanism by which a voluntary act may induce a less voluntary act. The
hypoglossal nerve serves the anterior two-thirds of the tongue, and the vagus
and the glossopharyngeal serve the posterior wall of the pharynx, the soft
palate, and the posterior third of the tongue. The contiguous activity of the
palatoglossus forces the placement of the soft palate.

Ficure 22. Photograph of an im-
pression of the soft palate demon-
strating tissue marked with indelible
pencil. The anterior line is the vi-
brating line cbserved when a patient
uses discontinuous, loud, vigorous,
and abrupt production of /a/, /fa/,
/a/. This results in a movement at the
anterior border of the soft palate. The
second, more posterior lne is the
posterior or “speaking” line where the
soft palate elevates posteriorly during
normal connected speech. The tssue
between the two vibrating lines has
the minimum displacement pattern of
the soft palate during speech and
normal respiratory function and may
be employed for complete denture
border contact.

Ficure 23. An
impression and a
complete denture
prosthesis demon-
strating the addi-
tional length of a
denture covering
the area between
the anterior and
posterior vibrating
lines observed by
speech production
methods.

48 ASHA Repurts No. 7 1972



Ficore 24. The average additional
length of dentures which relate to the
soft palate area. The distances shown
are the mean extensions for 92 patients.

I
1
|
L
]
; :
I v
b 3860 - -

Mandibular Guidance Mechanisms

The second example of how neurophysiological phenomena can be used re-
lates to the faulty sibilant in the mandibular glide, now under study (E. T.
Silverman and this author, work in progress at New York University). The
study is predicated on the therapeutic practice of reducing or modifying the
distances of the interincisal gap for the passage of a stream of air. This
retraining process depends on two major muscle group functions in sequence.
First, the masticatory muscles must move the mandible from the respiratory
rest position or from another phoneme-producing position to an incisal gap
position for the /s/.

The second sequential muscle action is the movement of the body of the
tongue to the position in the oral cavity where the tongue tip and blade can
groove to blow a stream of air through the incisal gap. In this sequence, the
mandibular movement is the grosser skeletal movement required to permit
the finer movements of the tongue to produce the /s/. This differentiation
of the movement skills can be exploited in therapy. It is generally accepted
therapy for /s/ treatment to have a patient or a child learn to manipulate his
tongue. In some instances, therapy manuals suggest the movement of the
jaws or the approximation of the teeth, a difficult task at best for many
children and even for adults who are not able to quickly generate movement
patterns with skill when they must find appropriate tooth gap distances. How-
ever, if the patient is permitted to incise scveral times on a tongue blade the
thickness of an incisal gap (Figure 27), a proprioceptive stimulus is initiated.
This position, assumed under pressure several times, conditions the patient
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Dieas : Ficuore 25. A patient whose
: loss of alveolar bone is so ex-
tensive that the use of the soft
palate increased the retention
of a denture. Note the collapse
of the upper facial contours.

B

Ficure 26. Alveolar bone
loss of the patient shown in
Figure 25.

Ficure 27. The use of a
tongue depressor to reinforce
the incisal gap position for the
production of a sibilant. Re-
peated closures of 10-sec dura-
tion induces a propricceptive
experience to reinforce the
movement to the optimal man-
dibular position for production
of /s/.
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to move the mandible to the appropriate incisal gap position just before the
tongue movement is effected. The low adaptive nature of proprioceptive
stimuli to adventitious or repeated stimuli makes the training of new man-
dibular postures difficult. In effect, posture stimuli are habitual, and defective
sibilant production may often resist reduction. However, i new, strong
stimuli supersede the old habitual postures, the mandible can be decon-
ditioned and conditioned to assume new postures.

The learning process of moving or gliding the mandible to the gap position
can thus be facilitated by strong incisal biting pressures. Biting firmly
several times on the tongue blade, or on a material positioned to create a
proper incisal gap position which is associated with successive tongue actions,
makes the reduction of the distorted sibilant a simple procedure providing
there are no other dental or neurologic intcrferences. This learning procedure
by the tongue is also made possible by the 1:4 nerve fiber to muscle fiber

ratio which facilitates the deconditioning and subsequent conditioning of new
habits.

DEGCGENERATIVE PROCESSES

There are many degenerative changes that :mav occur after maturation of
the dental structures and their adnexae. They include metabolic disorders, the
arthritides, dento-alveolar disease, degenerative muscle functions, asymmetries,
epithelial degeneration, and nervous system degoncration.

Metabolic Disorders

The skeleton may have serious disturbances in its metabolic processes. For
example, acromegaly may result from a tunor of the pituitary gland. The
size of the bony contours increases, manifested in gross disproportionate growth
patterns of the mandible and maxilla, elongation of the face, and changes in
opposing tooth articulation; there are diastemas and soft tissue changes which
often creatc speech disorders. The lips and tongue become grossly enlarged
and lose some of their motor power. Even peripheral sensory degeneration
may take place. There are, therefore, associated with these skeletal changes
gross dental derangements and often secondarv speech derangements. Figures
28, 29, and 30 demonstrate these changes in a patient with acromegaly.

The Arthritides

Arthritis of the vertebral column, the temporomandibular joint, or the
hands will restrict motions in neck flexion and rotation in mandibular motion
and is often associated with personality disorders { Figures 31 and 32). These
symptoms may affect specch pattorns as a result of lost energy levels. How-
ever, in those patients who wear prostheses, the postural disorders change the
hinge relationship of the jaws, and patients may suffer tenderness to their
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Ficure 28, Profile of pa- .

tient with acromegaly. Note
the elongated facial skeleton
and thickened soft tissues of
the lips.

Ficure 29, Full-face view
of acromegaly patient. No-
tice that vertical length is
increased to a relatively
greater linear distance than
is the width of the face.

Ficure 30. The lips are
markedly thickened in acro-
megaly, as is the tongue.
This increased bulk is as-
sociated with degenerative
processes. There is a loss of

strength and speed of mo-
tion even though there is
an increase in bulk, There
is a pathologic hypertrophy
often associated with distor-
tion of speech.

normal, natural teeth, Other teeth with fillings which are quiescent, or in
which nerves have died, may suffer from occlusal traumatism and become
acutely painful. Patients who wear prostheses develop mucosal irritations be-
cause of altered joint function, and it is important not to overtreat or over-
adjust these patients.

There are patients who suffer tumors of the jawbones, fractures, and other
trauma—all of which result in marked bone loss, derangement of soft tissue,
and occlusal dysfunctions. These disorders may also be associated with
primary dental