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PREFACE

The Conference on Patterns of Orofacial Growth and Development is an out-
growth of deliberations of the Joint Committee on Dentistry and Speech Pa-
thology-Audiology. The Committee was established in 1966 with the support of
the National Institute of Dental Research to bring together representatives of
the American Speech and Hearing Association and the American Association of
Dental Schools to review the common interests and concerns of dentists and
communication pathologists,

The basis for joint action between the two groups was found in (1) areas of
common interest in orofacial anatomy and physiology; (2) study of growth and
development affecting orofacial structure and function; (3) areas of informa-
tional overlap and supplementation believed to exist between the educational
objectives and curricula of the two academic fields; (4) identification and study
of management techniques in the diagnosis and treatment of orofacial pa-
thologies which affect speech and hearing, mastication, and deglutition; and (5}
research to identify the areas of ignorance and uncertainty, and to expand the
body of knowledge needed by each discipline to assure success in fostering
orofacial health and function.

In recognition of these points of common interest, the Joint Committee, act-
ing for its sponsors, established as its major goals the promotion of (1) the con-
tinuous exchange of information between the two professions, especially with
reference to ongoing research; (2) the education and orientation of researchers
in each profession to undertake cooperative research with members of the other
profession; (3) the placement of speech pathologists and audiologists and
dentists in the educational programs of the other profession; and (4) the de-
velopment of a widespread awareness of the mutually valuable clinical and
research contributions of each profession.

As discussions continued it became evident that to meet these goals a
mechanism was needed to encourage joint professional interaction. In February
of 1969 NIDR agreed to fund the continuation of the Joint Committee and to
support a series of three conferences to discuss patterns of orofacial growth
and development, respiratory physiology, and oral sensation and perception.

The charge to participants of this Conference on Patterns of Orofacial
Growth and Development is to examine critically the information and the con-
cepts presented, to discuss these matters here, and to leave the conference to
apply them toward the further advancement of the joint objectives of Dentistry
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and Speech Pathology-Audiology. Out of this conference and the succeeding
ones we hope to stimulate new concepts, to generate new information, and to
foster the productive efforts of the expanding groups of students of oral biology.
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KEYNOTE ADDRESS:
SOME OBSERVATIONS ON
DENTAL RESEARCH AND THE
CHANGING HEALTH SCENE

SEYMOUR J. KRESHOVER

National Institute of Dental Research, Bethesda, Maryland

In a recent book by Peter Drucker (1969), these times have been labeled
the “age of discontinuity.” Although Drucker is concerned with world economy
and technology, I think it is fair to apply the term to some recent phenomena
that will affect biomedical research and practice in the health professions.
I should also like to take refuge in the concept of discontinuities, and ask that I
be permitted to explore more than one in this paper. Special interests in the
area of growth and development have been treated in depth and with great
competence elsewhere during this conference. Therefore, my comments will
be general ones about some aspects of the changing scene with which we
are all very much concerned.

Drucker’s premise is that discontinuities will largely shape our times. The
revolutionary change in the concept of health as a right rather than a privilege
affords a quick parallel to his statement that we are witnessing something
new in human history, namely, “The whole world has become one economy in
its expectations, in its responses, and in its behavior.” Certainly, the thesis that
poverty need not be tolerated was inconceivable 30 years ago.

There is also a similar naiveté towards the fulfillment of economic and
health expectations. As a poignant example of the hazards inherent in the
new economic world view, Drucker cites the growth since the Second World
War of so-called “cargo cults” in remote South Sea Islands. These cultists
believe that the President of the United States has sent a magic cargo ship
“that will one day land and bring to everyone the wealth of the advanced
economies—phonographs and smoked meats, transistor radios, motorcycles, and
drugs.”

The mounting demands for medical services, fueled by Medicare, Medicaid,
and insurance plans, are severely taxing already overburdened facilities, and
no magic cargo ship can promise instant gratification. Health, Education, and
Welfare officials have soberly declared that “this nation is faced with a break-
down in the delivery of health care unless immediate concerted action is taken
by Government and the private sector” ( Fortune, 1970).

Although the demand for dental care has perhaps not kept the top pace, it
is expected to leap dramatically. One reason is the growing awareness of
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dental disease as a health problem. In a recent survey, more than three out
of every four people interviewed agreed that every person has the right to
receive needed dental care free of cost if he cannot afford to pay for it
Another reason is the increasing inclusion of dental plans as fringe benefits in
union negotiations with employers.

Only 6% million Americans are estimated to have dental coverage now.
Inflation is blamed for this slow growth rate, and this factor may well curtail
its expected expansion. Nevertheless, predictions now range from a coverage
of 15 million to 30 million persons by 1975.

The fact that needs and opportunities in the health field are out of phase
with each other is evident not only in care but also in research. Here, too, the
forces of inflation have steadily eroded the nation’s biomedical research effort.

The increasing cost of doing research has been as sharp a knife as reduced
appropriations. The resultant discontinuity in the orderly growth of biomedical
research, viewed against the changing health scene, imposes a stern obligation
on all administrators—whether in governmental, educational or other insti-
tutions—to strive for a balance of research that will yield the greatest return
for the tax dollar.

I believe that dental research leaders in many federal and academic settings
have marched ahead of the drummer, in that, for the past several years, they
have increasingly considered program relevance as well as scientific merit in
setting priorities and administering programs. At the National Institute of
Dental Research this focus on relevance has been sharpened as we try to
realize the fullest potential of research for advancing levels of oral health.
Assessment of our progress has now evolved to the point where we can chart
more graphically and precisely a continuum of specific disease-oriented pro-
jects. This approach, I believe, will enable us to marshal most effectively the
resources at hand; to identify areas where progress is blocked for lack of an
adequate underpinning of basic knowledge; and to expedite the progress of
research from the fundamental, through the developmental, and thence to the
applied stage.

Our so-called National Caries Program is an example of a clearly designed
research target. The President’s budget requests an additional $5 million in
the next fiscal year to enable the National Institute of Dental Research to mount
a program of intensified research and development to make caries almost
completely preventable by 1980,

Surely, the potential impact of biological rescarch on the delivery of heaith
care needs no fortune-teller to predict. Two examples of current investiga-
tion in the caries field illustrate the point. Both in the use of intensive local
applications of fluoride and in the use of adhesive sealants, we have potential
preventive techniques that can be practiced by auxiliary personnel, thereby
freeing the dentist for tasks requiring greater professional judgment and skill.

Ncedless to say, not all of our oral problems are amenable to simplified
approaches. Nor has dentistry always been responsive to the need for inter-
disciplinary cooperation to meet some of these problems. Improved interaction
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between speech science and dentistry is certainly one area of deep concern,
Being reminded, as we have, that studies of orofacial and speech problems
are in urgent need of increased attention, the Dental Institute has accelerated
its efforts for the training ‘of specialists qualified to conduct research in this
field. We see, too, an invaluable by-product of attracting young investigators
to this field, namely, their recruitment into the dental school through joint
appointments. Most gratifying in this latter regard is the number of dental
schools that now incorporate speech pathology in their curricula—at last count,
at least 10. And so we find with increasing specialization in our dental schools,
new strengths in the complementary nature of many sciences—in the unity of
knowledge. Let us never be found in the position of the hillbilly husband who
one evening, with pencil and paper in hand, suddenly shouted triumphantly
to his wife, “By gosh if I ain’t learned to write!” “What does it say?” exclaimed
the wife, “T don’t know,” he said, “I ain’t learned to read yet!”

Aristotle is supposed to have said that the guests will judge the feast better
than the cook. The effective harnessing of all the skills and knowledge that
relate to a complex problem is very much in the public interest and will, in
the long run, also better serve the respective professions; for our continued
functioning, in both research and practice, is dependent on how well we
discharge our responsibilities to an ever-demanding clientele,

The January 1970 issue of Fortune speaks stridently of our ailing medical
system. It predicts radical change in these terms:

The conversion to medern methods, and the institution of the same degree of effi-
ciency that Americans have reached in other realms, would probably effect enough
saving so that good care could be brought to every American with very little increase
in costs, Nobody except other physicians should tell physicians how to practice
medicine. But the management of medical care has become too important to leave
to deetors, who are, after all, not managers to begin with.

Surely, we can predict that the long arm of change must soon reach to the
professional school. Indeed, it has already arrived! As observed recently! by
Robert Q. Marston, the Director of the National Institutes of Health, the rela-
tive immunity enjoyed by the health field, particularly education, from the
social currents swirling around us is plainly a thing of the past, and “Whether
we like it or not, we are involved to the hilt in the social dynamics of our times.”

The discontimuity of the times has already had an impact on dental educa-
tion. Future practitioners are learning how to extend their productivity by
working with dental auxiliaries. More recently, the establishment of depart-
ments of community dentistry has added a new social dimension to dental
education. Similarly, the growing attention to research in new techniques to
improve learning is long overdue. An equally compelling need, as yet largely
unmet, is to redesign the curriculum to reflect the advances in the dental sci-
ences that will shape the practice of tomorrow. The recent statement of a
dental dean, that most dentists are over-educated for what they do and under-

1Speech at the Fall Retreat of the McGill University Faculty of Medicine, Montreal,
Canada, October 24, 1969,
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educated for what they ought to be doing, assumes greater urgency in the
light of projected advances against caries and other diseases.

The need to strengthen the science base, of course, implies the availability
of research-trained teachers. Here, unfortunately, dental schools are seriously
handicapped. The regrettable statistics show a current level of but 2500 full-
time equivalent faculty members to staff our 53 operating dental schools (less
than 50 per dental school, versus some 175 per medical school). Even more
alarming is the urgent need to double this figure by 1975 if we are to adequately
staff six new dental schools and those others that are now in process of expan-
sion.

Without question, the late start of dental research has greatly disadvan-
taged dental schools and the progress of the dental sciences. For example,
there is one biomedical research worker for every seven active physicians,
versus one dental researcher for every 44 active dentists; and there is one
Ph.D. scientist in health research for every 9.5 physicians, versus one Ph.D.
researcher for every 53 dentists.

Within our budgetary capabilities, NIDR is attempting to alleviate this
disparity through support of training programs, such as those in speech
pathology, as well as through research grants. Also, by drawing limited funds
from our research grants program, we are initiating a new form of support
intended to help newly trained young investigators remain active in research
during the developmental stages of their careers. We recognize that these
investigators represent a vital resource for maintaining an adequate science
base in the field of oral health. It is hoped that this new special dental research
awards programn will encourage young faculty members in dental schools to
engage in research and thereby also increase their students’ orientation toward
science.

And so we see, by brief example, the variety of forces of discontinuity that
are shaping and creating our new roles as members of the health team for
tomorrow’s society. While the Dental Institute has been privileged to con-
tribute to furthering the frontiers of dental and related sciences, we recognize
and appreciate the vital role of such partner organizations as the American
Speech and Hearing Association. Let me say, as 1 conclude, that the kind of
leadership such organizations provide in directing that rarest of commodities—
skilled and dedicated human resources—to the solutien of our mutua! problems
is the most comforting of sigus in meeting the exciting challenges that lie ahead,
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FUNCTIONAL CRANIAL ANALYSIS AND
THE FUNCTIONAL MATRIX

MELVIN L. MOSS

Columbia University School of Dental and Oral Surgery, New York, New York

A complete understanding of the biological processes of craniofacial growth
is the most fundamental requirement for rational, correct, and successful thera-
peutic intervention in patients presenting developmental or acquired growth
disturbances of this region. Beyond the intrinsic correctness of one viewpoint
or another, as a topic for scholarly and scientific debate, there is the very
practical problem that the approach of any clinician is strongly influenced by
what he believes to be the effective cause of the particular growth disharmony
he is treating, In large part, he attempts to relate his specific therapy to either
eliminating or counterbalancing the presumed etiologically abnormal growth
processes in a given patient.

The systematic approach to the treatment of growth disorders of the oro-
facial region began within the memory of living men. Whether we term this
clinical specialty orthodontics or orofacial orthopedics, it is simply true that
the usually accepted corpus of knowledge concerning the processes of normal
and abnormal growth of this region is entirely derivative. Prior and contem-
porary investigations by anatomists and physical anthropologists continue to
provide the profession with both a body of presumed facts about growth pro-
cesses and a conceptual outlook which has had the unfortunate result of con-
fusing the results of growth processes with their effective causation. Specifically,
students of craniofacial growth generally have studied the growth of skeletal
tissues, per se (cartilage as well as bone ), and have mistakenly assumed that
these same processes of skeletal tissue growth were their own primary cause.
This has led to the more serious clinical error of directing our therapy toward
the skeletal tissues themselves, rather than toward those other, nonskeletal,
tissues and organs and functioning spaces, which are, in fact, the primary
morphogenetic agencies for both normal and abnormal growth. Briefly, the so-
called classical theories of craniofacial growth have now been demonstrated,
repeatedly, to be unable to account for the totality of the observed phenomena,
much to the embarrassment of their proponents.

It is simply a fact to state that most American orthodontic therapy remains
“tooth-oriented.” No matter to what extent a sense of technical sophistication
can correctly be attributed to appliance therapies which are directed to tooth
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movement, per se, in their totality they leave a great many problems beyond the
scope of their clinical effectiveness. Several schools of European orthodontic
thought, on the other hand, have created a number of empiric therapeutic
techniques which are more functionally oriented, insofar as they are not pri-
marily tooth-oriented, but rather deal with the several adjacent nondental
regions as well. Without in any way attempting here an evaluation of clinical
effectiveness of the cis- and transatlantic philosophies, it is a fact that, to the
extent that dentofacial or orofacial orthopedics are directed primarily towards
tissues other than teeth, their potential effectiveness is greater in those clinical
conditions in which factors other than malposition or malrelation of teeth
alone are involved. However, here, too, the comment must be made that the
theoretical basis for either basic type of therapy has been equally incomplete.

For the past 16 years our laboratory has been engaged in a study of cranio-
facial growth processes. From this work has emerged the method of Functional
Cranial Analysis, and its component hypothesis concerning the morphogenetic
primacy of the Functional Matrix in cranial skeletal growth. In recent years,
we have been somewhat surprised and gratified at the increasing acceptance
our thoughts have had by many clinicians. However, we have been disturbed
at the same time by the gratuitous use of our concepts to provide support for
one or another specific therapy or appliance. Accordingly, we welcome this
opportunity to present this summary of our work so that those interested may
read it firsthand and no longer be troubled by derivative and frequently in-
complete citations,

FUNCTIONAL CRANIAL COMPONENTS

The method of Functional Cranial Analysis is based on an operational view
of the head and neck. Rather than considering this region either systemically or
topographically, as is usual in gross anatomy, we adopt a functional attitude.
The head and neck are considered as a region of the body within which a
number of functions are carried out. A partial list includes respiration, olfac-
tion, speech, digestion, hearing, balance, vision, and neural integration. Each
of these separate functions is carried out completely by what we call a func-
tional cranial component—one component for olfaction, another for digestion,
yet another for vision, and so on. The size and shape (that is, the form}, as
well as the position in space, of each functional cranial component is relatively
independent of that of all other such components.

In turn, each separate cranial component has two distinct parts: a functional
matrix, which actually carries out the particular function; and a skeletal unit,
which provides biomechanical protection and support for its uniquely specific
functionai matrix. Let us consider these terms in detail,

A functional matrix consists of all of the tissues, organs, glands, and function-
ing spaces necessary Lo carry out a given single function completely. We do not
use the phrase soft tissties, since, as we will demonstrate, the teeth individually
and collectively are a functional matrix. Muscles, blood vessels, nerves, fat
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pads, and salivary glands are all examples of one type of functional matrix.
Similarly, we regard the oral, nasal, and pharyngeal functioning spaces as
examples of a second type of functional matrix. Accordingly, we believe there
are two distinct types of functional matrices: the periosteal and the capsular,
respectively. The essential and important differences between these will be dis-
cussed after we consider the definition of the skeletal unit.

A skeletal unit is not identical with the word bone. It may be composed of
osseous, cartilaginous, or tendonous tissues. When it is formed by bone tissue,
we specifically acknowledge the important additional role of bone tissue in
mineral homeostasis. However, the only other role of bone (to provide bio-
mechanical protection and support) is carried out by bone at the next higher
level of organization (as an organ). A skeletal unit is not identical with the
named entities of classical osteology. As is true for all “bones,” in the classical
sense, the splanchno- and neurocranial “bones” are composed, in fact, of a
number of contiguous microskeletal units. The mandible, for example, contains
alveolar, coronoid, angular, condylar, and basal skeletal units, as well as several
others.

It has been proven repeatedly, and without exception, by many workers that
the size and shape of each of these mandibular processes (microskeletal units)
is always and without exception a secondary response to morphogenetically
prior and primary demands of specifically related functional matrices. The
presence, number, and position of teeth directly and primarily determine the
development and the growth in size and shape, as well as the very maintenance
in being of alveolar bone. The clinical experiences following tooth extraction
and congenital anodontia are well known. Similarly, the coronoid process is
but an expression of the response of this particular skeletal unit to the dynamic
demands of the temporalis muscle. Removal or denervation of this muscle
results in the loss of the coronoid process, and this result is not caused by loss
of vascularization, since blood flow through a denervated muscle increases.
Homologous statements can be made for the angular process, where we deal
with two muscles, the medial pterygoid and the masseter. Naturally, if absence
or nonfunctional atrophy of such functional matrices leads to decreases in the
size and shape of their skeletal units, increased demands (as in muscular hyper-
trophy) produce increases in the size and shape of the skeletal unit, as seen
in the eversion of the angular process observed in masseteric hypertrophy.
Taken as a whole, the several microskeletal units of the mandible form what we
term a macroskeletal unit, whose significance will be discussed subsequently.

Next, we will consider periosteal and capsular functional matrices. Every
cephalic function is carried out by a functional cranial component, that is, by
a specific functional matrix which, in turn, is protected or supported by its own
skeletal unit. Further anatomical consideration demonstrates that all skeletal
units and one type of functional matrix (the periosteal matrices) actually arise
ontogenetically, and exist, operate, and are maintained while completely em-
bedded within a series of cephalic capsules.

The neurocranial capsule extends from the epidermis of the scalp externally
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to the fibrous layer of the dura mater infernally. Within this capsule lie the
several microskeletal units of the calvarial bones, with their individual fune-
tional periosteal matrices. Since muscles furnish an excellent example of this
type of functional matrix, we collectively term them periosteal. So, for example,
portions of the outer plates of the temporal, parietal, and frontal bones are
found embedded within the capsule, with the temporalis muscle. These to-
gether form a single functional cranial component. All of the examples given
above regarding the mandible, and the various ramal and alveolar processes,
are related to other periosteal matrices: muscles and teeth. The neurocranial
capsule, as a2 whole, with all of its enclosed and embedded functional cranial
components (microskeletal units and their periosteal matrices) has yet another
function: to protect and to support the enclosed neural mass. This latter term
inclndes the brain mass, the volume of the cerebrospinal fluid, and the lepto-
meninges as a unitary functional matrix; and, since it is protected by a capsule,
we term it a capsular matrix. The orbital mass (globe, extrinsic and intrinsic
orbital muscles, fat, neurovascular structures, and so on) forms a homologous
capsular matrix, which is protected and supported by an orbital capsule.

In an entirely homologous mamer the splanchnocranial bones arise, grow,
and are maintained completely embedded within an orofacial capsule. Spe-
cifically, all the microskeletal units of the mandible (here, as a “macro” skeletal
unit), the premaxilla, maxilla, palatine “bones,” etc.,, with their specific perios-
teal matrices, lie within this unitary orofacial capsule, which is limited by
epidermis externally and mucosa internally. The capsular matrices of the
orofacial region differ from those of the neurocranial and orbital regions. The
combined oral, nasal, and pharyngeal “cavities” is the capsular matrix. We
prefer the term functioning space when discussing these matrices. These spaces
are not volumes that are somehow left over after bones, muscles; epithelium, or
glands have finished growing. These functioning spaces are brought into being
in the embryonic period, by the process of enclosure, as the embryonic facial
processes develop. Thereafter, these spaces are functionally maintained. The
patency of these spaces is their operational reality, and their occlusion causes
fatal results if continued more than temporarily. Admittedly, this viewpoint re-
quires the clinician to adopt a new way of thinking about these functioning
spaces, but, as we will show, these concepts are both correct and clinically
useful.

Let us summarize now the principal differences between the two types of
functional matrices. The proof of these assertions is given subsequently.

L. Periosteal matrices act directly on microskeletal units. They do so primarily
by the processes of osseous deposition or resorption, or by effecting peri- or .
endochondral accretionary growth processes. They produce changes only in
the size and shape (form) of their specific microskeletal units, We call such
growth processes trunsformations.

2. Capsular matrices act indirectly on macroskeletal units, or more properly,
on entire functional cranial components, which happen to be embedded com-
pletely within a specific capsule (neurocranial, orbital, arofacial). They do not
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act by the processes of osseous deposition or resorption, nor by affecting carti-
lage directly. They do pot alter the shape or size of the skeletal units, but they
do change their location in space. Such growth processes are called translations
(Figure 1) (Moss and Young, 1960; Moss, 1962).

A B. c b

F“‘I_""\ | St A

i :

e i I A
Resorb. Depos. l
TRANSFORMATION TRANSLATION

Fisure 1. Diagrammatic presentation of differences between trans-
formation and translation as processes involved in cranial bone growth.
Transformation is brought about by osseous deposition and resorption
and is a direct response to the primary murp%ogenetic demands of
specifically related periosteal functional matrices. In this instance,
picking up floor boards in an elevator car (representing a cranial cap-
sule) {A) or laying them down (B} would move a passenger (repre-
senting a skeletal unit) in the car either down or up relative to the
car. Should the car itself move within the shaft (the capsule), the
passenger (skeletal unit) would be translated in space, passively
and without the necessity of osseous deposition or resorption. Obvious-
ly, process A or B can occur in situations C or D. Accordingly, the
expansion of cranial capsules in response to the volumetric alterations
of enclosed capsular matrices can be distinguished from transforma-
tive changes which, in turn, may be either complementary or antago-
pistic to the direction of such translations. (From Moss and Salentijn,
1969b.)

CRANIJAL GROWTH PROCESSES

The foregoing discussion, essentially theoretical, acquires meaning and clini-
cal significance when we consider problems of cranial growth. It will be
demonstrated now that the classical theories of cranial growth canmnot possibly
provide satisfactory explanations for early observed phenomena, while the ap-
plication of the method of Functional Cranial Analysis resolves these problems
easily.

First, it is of the utmost importance to define the word growth. The most
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usual definition which has applicability for students of orofacial growth has a
dimensional connotation, that is, it is 2 linear measure. These measurements,
again, usually are recorded as indicating directly the changes in size between
any two points, and as indirect measurements of changes in shape, when angu-
lar changes are included. In other words, the most usual meaning of growth,
as indicated by what is measured, is a change in form. It is true, in sensu stricto,
that growth can be defined broadly as any change in any parameter that is itself
capable of measurement, Nevertheless, in dealing with cephalic growth our
usnal interests are somewhat more restricted, but yet more encompassing than
only changes in form. Specifically, we have an additional need to know about
growth changes in the spatial Jocation of the craniofacial “bones.”

Rephrasing these statements in our own terminology, it is obvious that most
students of cranial growth measure only the results of transformation. In addi-
tion, we require information conceming the translatory growth changes.

It is our basic contention that functional matrices are the primary morpho-
genetic agencies in cranial growth. All skeletal tissue growth is a secondary,
compensatory, and mechanically obligatory response to changes in the tem-
porally prior demands of specific functional matrices. Similarly, the continua-
tion in being of skeletal units requires that these matrix demands be main-
tained. In a very real sense, functional matrices grow, and skeletal tissues re-
spond. This statement is strongly supported by considering the fact that it is
now quite certain that, with the exception of only a very few and very rare dis-
eases, there is no direct genetic control of skeletal tissue growth, either of carti-
lage or of bone. Indeed, the best available data strongly indicate that the
direct effect of genes is exerted on surrounding tissues (functional matrices)
and only through these nonskeletal tissues, and hence, indirectly, to the skeletal
tissues themselves (Griineberg, 1963). The vast body of data on in vivo and
in vitro experimentation with skeletal tissues and organs emphasizes this
point with considerable force. Skeletal tissues have but one biomechanical role
in any vertebrate body: to act biomechanically to protect or to support related
tissues, organs, and functioning spaces. The additional role of bone in mineral
homeostasis is neither denied nor compromised by this statement, since bio-
mechanical demands are accommodated at the organ level and homeostatic
demands at the tissue level of organization.

Classical Theories of Cranial Growth Processes

There are three processes which many earlier workers held to provide a
totally selM-sufficient explanation of craniofacial growth—although different
workers placed varying degrees of emphasis on specific processes. They were
(1) interstitial expansive forces generated within soft sutural tissues, (2) inter-
stitial expansive forces generated by cartilaginous tissues; and {3) deposition
and resorption of bone.

The first process, intrinsic forces of sutural expansion, was widely proclaimed
{ see Moss, 1954, for a review ). This concept, derived from the Viennese School
of Erdheim, were widely disseminated to the English-speaking world by
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Weinmann and Sicher (1947). This hypothesis was as simplistically attractive
as it was totally incorrect. Once we dismiss appeals to either the Scholastic
Method or the authority of the professorial chair and turn to appropriate ex-
periments with growing laboratory animals, we consistently observe undis-
turbed and normal cephalic growth in the face of sutural extirpation. This is
true for the neurocraniurm, as well as for the splanchnocranium. These findings,
published by us in 1954 (Moss, 1954}, dealing with the calvarial sutures, have
been amply verified by many other workers, dealing with all accessible cephalic
sutures { Sarnat, 1963; Selman and Samat, 1957; Watanabe, Laskin, and Brodie,
1657). Furthermore, negative data do not exist. Undoubtedly, by many tech-
niques it is possible to demonstrate and measure accurately the deposition of
bone at sutural edges during growth. But this only indicates that the sutures
are the loci of secondary and compensatory growth, and it does not indicate
that these same sutural areas are primary growth centers.

The sccond process, which implies that the several cephalic cartilaginous
areas are capable of exerting expansive forces, suggests that both perichondrial
apposition and, more importantly, interstitial expansion of cartilage tissue are
causally involved as primary growth centers. Again, as attractive as this con-
cept is, it cannot be sustained in the face of appropriate experimental (and
clinical ) data.

Three principal cephalic cartilaginous areas must be considered: the mandib-
ular condyle, the nasal septum, and the spheno-occipital synchondrosis. With-
out guestion, one of the most deep-seated beliefs in dentistry is that the
condylar cartilages are homologous in structure and function with the epiphy-
seal growth plates of the long bones. However, the facts are otherwise. First,
condylar cartilages are similar to articular cartilages in structure (Ronning
and Koski, 1967; Durkin, Irving, and Healey, 1969a, b). Second, bilateral re-
moval of condylar cartilages in a young, growing animal does not cause any
disturbance of orofacial growth (Gianelly and Moorrees, 1965; Irving and Dur-
kin, 1965; Pimenidis, 1969). Further, when such techniques are applied in ap-
propriate human cases (usually for uni- or bilateral functional ankylosis of the
temporomandibular joint), we observe identical results. (We will return to
this point later.) Accordingly, all our data convince us that the condylar carti-
lages are the loci of secondary and compensatory growth and not primary
growth sites (Moss, 1960; Moss and Rankow, 1968).

Identical statements can be made with regard to the nasal septal cartilage.
While some workers still consider that this area is a primary growth cemter,
whose expansion is responsible for the vertical (and anteroposterior?) growth
of the middle face, the data suggest otherwise.

Removal of the entire nasal septal cartilage in a growing animal is not fol-
lowed by any diminution of midfacial growth (Moss and Bromberg, 1967). The
vertical, anteroposterior, and lateral growth of the midface is quite normal.
There is a postoperative collapse of the roof (the bridge) of the nose, but this
is due to the loss of the strut-like capacity of the septum in the biomechanics of
nasal construction (compare Badoux, 1966). Our earlier work on this problem
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has recently been confirmed by Stenstrom and Thilander (1970). In reviewing
the literature on this problem, it is of crucial importance to inquire into the
possibility of postoperative scarring following septal resection. The work of
several others, whose data seem to indicate disagreement with our statements
concerning the secondary and compensatory role of the septal cartilage, can be
brought into harmony when the presence of extensive scar-tissue formation is
made clear. As will be shown, such scar tissue will produce an effective “anky-
losis,” or better, a mechanical blockade which will, quite literally, prevent the
passive translation of the midfacial skeleton during growth. When such “anky-
losis™ is present after septal removal inevitably the result is a malformation of
the midface. Indeed, it would be impossible for such deformation not to be
produced in this way.

Recently, homologous statements have been proposed for the spheno-oceipital
synchondrosis (Koski, 1968; Koski and Roénning, 1969). This region is notori-
cusly difficult to approach experimentally in vivo. In the few successful attempts
to do so, postoperative scarring has been inevitably produced, and once again
the resulting deformations were interpreted incorrectly as demonstrating that
this cartilage was a primary growth center rather than a secondary locus of
compensatory growth (DuBrul and Laskin, 1961),

A few sentences about the results of the in vitro work with cranial cartilages
will be appropriate here, since misunderstanding of these data has led some
workers to snggest inappropriate extensions of their conclusions, When any of
these three cartilages are explanted and cultured in vitro, they do grow. That
is, they undergo a linear expansion! However, several points should be care-
fully noted. First, such growth occurs primarily in the first week of culture.
That is, almost any cartilaginous tissuc when grown in vitro will deronstrate
linear increase. However, this occurs for a very limited period of time and,
despite the fact that external environmental conditions remain satisfactory,
further lincar growth cannot be observed, More important is the fact that care-
ful observation of the site of this elongation shows that it usually occurs in
areas of the transplanted cartilage which are not identical to the areas where
such linear growth occurs in vivo. These observations can be repeated in the
in vitro study of both mandibular condylar and spheno-occipital cartilages
(Mareel, 1969).

All of the voluminous data on the tissue and organ culture experiments of
cartilaginous anlagen of endochondral bones demonstrate similar effects, With
increased time, the form of the skeletal organ becomes less discrete and, by
the time membranous ossification begins, severe deformation is present. Carti-
lage, as a tissue, but not as an organ, can indeed continue to grow, but in an
increasingly formless fashion,

The third of the classical cranial growth processes mentioned above is deposi-
tion and resorption of bone tissue (especially of intramembranous bone), and
has long been favored by many workers. Dating from the inception of modern
investigations of bone growth in the early 18th century by Du Hammel, Bel-
chier, and Hunter, and continuing in our own era with the excellent work of
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Brash, this process has received its most recent statement in the detailed work
of Enlow (1968). Ignoring many technical problems of interest only to the
specialist, this process may be easily described in the following way. Let us
consider the results of deposition and resorption of any bone in a given direc-
tion—whether it be the outward growth of parietal bone, or the downward
growth of the hard palate. At its simplest, this can be imagined to occur as the
result of resorption of the endocranial surface of the calvaria or of the nasal
surface of the palate, and of deposition on the ectocranial calvarial surface or
on the oral palatal surface. This oversimplistic statement, of course, does not
consider the more complex biological realities of the processes occurring on the
diploic surfaces of both calvarial plates, nor in similar spaces in the palate.
However, it does make clear the primary claim of those who view this skeletal
growth process as a major contributor to cephalic growth—specifically, that the
dimensional enlargements of both neuro- and splanchnocranium are accom-
plished by the activity of these two reciprocally interacting processes. In other
words, such workers specifically consider that cranial growth is an active pro-
cess, and one which primarily acts through the agency of the skeletal tissues
themsclves.

As attractive as this concept is, it can be demonstrated easily that such direct
skeletal transformative processes cannot possibly account for either the totality
or even the. majority of the observed cephalic growth and, even more damag-
ing, that there are critical examples of skeletal growth in which the direction
of transformative growth due to osseous deposition and resorption is directly
opposite to the observed direction of the movement of the bone itself. For exam-
ple, the work of Cleall, Wilson, and Garnett (1968) has provided us with ex-
cellent quantitative data on the cranial growth of the rat, utilizing well-spaced
injections of dyes capable of producing well-defined Jines of osseous calcifica-
tion. When we compare the amount of such osseous deposition and resorption
with the total dimensional changes observed, we find that the transformative
growth processes account for between 25% and 33% only.

Other data of Cleall, Wilson, and Garnett (1968) are equally informative.
This same multiple dye injection technique easily showed that the postnatal
growth of the rat supraoccipital bone invelved deposition on the endocranial
surface and resorption on the ectocranial surface. However, this bone, in fact,
actually moves posteriorly (Figure 2). Obviously, active transformation occurs
in a direction which is directly opposite the direction of passive translation
and, furthermore, translative growth is the major factor in rodent cephalic
growth.

One final comment. No combination of the three classical processes of
cephalic growth processes yields a result which is any more satisfactory than
any of them singly. It is somewhat sad to reflect on the years of sterile debate
between the conflicting schools of craniological theory that were so noticeable
in recent decades, when proponents of the primacy of sutural expansion op-
posed those who held similar claims for surface deposition and resorption.

If this criticism of the classical growth theories is correct, we must now
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Ficure 2. These data illustrate that the directions of active, trans-
farmative, and passive translative growth can be opposite in sign. In
this case the supra-occipital bone of the rat, before 60 days of age,
moves posteriorly and upward, in an absolute sense. During this same
period deposition oceurs endocranially and resorption ectocranially.
Hence the algebraic sum of both types of growth is dominated by
passive translative growth. (Data derived from Cleall, Wilson, and
Garnett [1968] and Vilmann [19681.)

consider what additional cephalic growth processes must be involved. In es-
sence, we have said that all of the classical theories reflect only the active,
transformative responses of skeletal units to periosteal matrices, It is to the
passive, translative growth processes we must turn now.

TRANSLATIVE CROWTH

The primary morphogenetic event in this growth process is the volumetric
enlargement of the capsular matrices. This, in turn, causes a secondary areal
enlargement of the surrounding capsule. All enclosed and embedded skeletal
units and periosteal matrices are thus passively: translated in space. Without
question, transformative growth changes occur at the same time, since the
altered conditions of the translating periosteal matrices inevitably bring about
such secondary changes in their related skeletal units. But these latter changes
must not be confused with the former.

Figure 3 shows the expansion of the neurocranial capsule, as a secondary
and compensatory response to the volumetric enlargement of the enclosed
neural mass. This dimensional movement will {and does) occur even if little
or no transformation occurs, as in extreme hydrocephaly. Normally, such pas-
sive translation would tend to cause separation of calvarial bones, which is
compensated for by the secondary transformative growth at the sutural margins.
Additionally, the calvarial bones may thicken, develop a diploic space, and alter
their arcs of curvature—all transformative growth processes.

This is but another way of saying that a microcephalic skull has a small
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Ficure 3. The expansion of the neurocranial capsule in response to
the morphogenetically primary expansion of the enclosed neural mass.
As this capsule ex;fands, the enclosed and embedded calvarial skeletal
tissues are passively translated in space in response to the growth of
this capsular matrix. At the same time, these same skeletal units re-
spond to the altered demands of their functional periosteal matrices.
They do so by expanding in area and in thickness, by altering from
a simple system of open, radiating trabeculae to one with inner and
outer tables of compact bune with an intervening diploic area. If sim-
ple translation occurred alone, the figure on the right would resuit.
It is explicitly stated that the amount and regions of periosteal growth
are diagrammatic only, The simultaneous delamination of the neuro-
cranjal capsule is also seen. From a simple dura mater/epidermis in
the early Eetus, we see the full expansion of such changes in the adult.
S, skin; C, dense connective tissue layer; A, aponeurotic layer; L,
loose conmective tissue layer; P, periosteum. (All five of these layers
form the scalp.) T.M., temporalis musele; P.L.D.M., periosteal layer
of dura mater; F.L.D.M., fibrous layer and dura mater; 5.5., sagittal
suture. (From Moss and Salentijn, 1969a.)

neurocranium because the neural mass is abnormally small, while a macro-
cephaly is the result of an abnormally large neural mass. No amount of perios-
teal matrix activity (transformation) can account for what is so evidently the
result of a primary alteration in the cephalic matrix. What is so abundantly clear
in the neural skull is equally true for the facial skull.

The orofacial capsular matrices are the volumes of the several cavities of this
region: the oral, nasal, and pharyngeal functioning spaces. The biological bases
for considering these functioning spaces as primarily competent morphogenetic
agencies has been discussed at length elsewhere, but a brief review of this
point is necessary. The oral cavity is not a space somehow haphazardly left
over after the growth of the facial bones, muscles, glands, vessels, nerves,
mucosa, and skin is completed. In fact, its growth is the primary biological
reality, about whose functionally necessary volume (in terms of respiratory
needs) all of these other tissues and organs adapt themselves. If any dimension
of the body has significance and biological meaning, it is the total volume of
the respiratory system. Here, as in the digestive and urogenital systems, it is
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the patency or hollowness which is the functionally significant fact. All of these
spaces are maintained by function, and should this function cease, obliteration
of the lumen will occur,

The oral functioning space comes into being by the growth and fusion of
the embryonic facial process, a process we call enclosure (Moss and Salentijn,
1969a, b). Once formed, the space is maintained by function. The growth in
volume of the oral space most probably is a genetically controlled event, acting
primarily on the epithelial tissues, and most likely under afferent neurotrophic
control, a point that will be discussed in detail in later publications, The im-
portant fact is that the volumetric enlargement of the oral space causes the
orofacial capsule to expand secondarily. All enclosed skeletal units and perios-
teal matrices are passively translated within this same capsule,

Let us consider the mandible. Passive translation of the orofacial capsule
tends to carry the mandible (as a macroskeletal unit) down and forward. This
same passive movement also tends to distract the head of the condyler process
away from the superior surfaces of the temporomandibular joint. The observed
increments of growth at the condylar head are not the cause of this mandibular
movement but, in reality, secondary and compensatory growth increments
which serve to keep the temporomandibular joint in being and in function.

The results of condylectomy, in animals and in man, previously referred to
fully substantiate this view. Undoubtedly, active transformative growth occurs.
This is certainly the manner in which the ramal processes grow. It is possible
to demonstrate the amounts of total mandibular growth due to active trans-
formation and passive translation independently. The former account for be-
tween 25% and 33% of the total growth observed.

The methods used by us to demonstrate the morphogenetic role of capsular
matrices in orofacial growth have been published elsewhere extensively
(Moss, in press; Moss and Salentijn, 1969a, b). Some pictorial data are shown
in Figure 4.

What they demonstrate, in essence, is that the majority of the downward
and forward growth of the mandible is passive translation. Obvicusly, the
ramal changes are the result of the active transformative growth processes,
which, in turn, are secondary and compensatory responses to their periosteal
matrices which are themselves being passively translated.

It is clear now that cephalic growth cannot be explained fully by the solitary
activity of either periosteal or capsular matrices. Rather it is true that when
we combine the action of both matrix types, a comprehensive answer is possible.
Finally, it is also clear that any proper consideration of cephalic growth
phenomena must include changes in spatial position in addition to changes in
size and shape, since each type is produced by a different sort of matrix and by
different growth processes.

SUMMARY

The basic principles of the method of functional cranjal analysis are de-
scribed. Emphasis is placed on the concept that functional matrices are the
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Ficure 4. Interosseous growth of the
mandible is shown by registration of two
tracings taken from a longitudinal growth
study. The mental and mandibular fora-
mina, as well as the course of the interior
alveolar canal, are shown. The totality of
the growth changes shown here is the
sum of the skeletal unit responses to both
periosteal and capsular matrices. B: Intra-
osseous growth of the same mandible is
shown when the two tracings are regis-
tered at the mental foramina when the
anterior cranial base tracings are kept
parallel. C: When the tracings of A and
B are superimposed, this figure is pro-
duced. The two mandibular outlines with
solid lines are the two positions of the
earlier tracing; the outline with a broken
line is the oldest tracing. It is now seen
that most of the growth changes in a
downward and forward direction are due
to passive translation in response to the
expansion of the orofacial functioning
spaces. Periosteal appositions (plus signs)
and resorption (in black) account for
relatively minor changes in the anterior
and lower borders, while being totally
responsible for the backward and upward
motion of the condylar and angular pro-
cesses. It is seen that B, the intraosseous
drawing, in fact showed all of the perio-
steal growth changes. It is stressed that
the upward periosteal growth at the con-
dylar process is a compensation for the
downward and forward translation of the
mandible, and not its cause, { From Moss
and Salentijn, 1969a.)

primary morphogenetic agencies in cephalic growth. Two types of functional
matrices are described: the periosteal and the capsular, The first acts directly
upon skeletal tissues, by the processes of deposition and resorption of the
surfaces of skeletal tissues, by deposition of bone at sutural areas, as well as by
endochondral growth. These changes alter the size and shape of the skeletal
tissues and are collectively termed fransformations. The second type of func-
tional matrix (the capsalar) acts indirectly on skeletal tissues to alter only their
spatial position. It does not utilize the three classical methods of skeletal tissue
growth, but acts by virtue of the fact that these skeletal tissues exist within
capsules which expand as the volume of the capsular matrices increases. Num-
erous examples are given, with some emphasis on mandibular growth.
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HUMAN PRENATAL ACTIVITY
SEQUENCES IN THE FACIAL
REGION AND THEIR RELATIONSHIP
TO POSTNATAL DEVELOPMENT

TRYPHENA HUMPHREY

University of Alabama in Birmingham, Birmingham, Alabama

I plan to discuss the development of prenatal activity including the fact
that the sequences in which action develops prenatally are repeated perinatally
or posinatally, and some of them even earlier. In addition, 1 want to describe
some characteristics of central nervous system development which make such
repetitions of activity sequences more or less inevitable.

The material presented here is not based on my own work exclusively, but
on the motion picture records of Dr. Davenport Hooker, former Chairman of
the Departroent of Anatomy at the University of Pittsburgh. The program was
begun at Pittsburgh in 1932, and continued there from that time until the
spring of 1963 when I left that university. I joined the program at Pittsburgh
in 1938 and at present I am carrying on the analysis of Hooker’s motion picture
films which I inherited after his death in 1965, During my 18 years (1938-1956)
of association with Hooker, I was usually on hand when' the motion pictures
were made, helping with the observations and offering suggestions on what we
might try. There are many things yet that could be done.

The motion pictures were taken with a 35-mm World War I surplus camera,
which Hooker himself bought, and rigged up to run with a foot switch, so that
he could use his hands to move or to stimulate the fetus.

At laparotomies done for the therapeutic termination of pregnancy, we were
set up next to the operating room with the camera focused on a doll of the
expected size. Because histories from pregnant women are often inaccurate
concerning the onset of the last menstrual period, the estimated fetal age was
not always right. So the expected size of the fetus—even when the age was
checked by the obstetrician from his examination—might still be wrong. In that
case, although the camera was adjusted for the focus, there was not time for
other changes because the small fetuses react to stimuli for only eight to 12
minutes—although larger ones respond for 20 minutes, or even more when they
approach the age of viability. If a small fetus was expected and a larger one was
delivered, the field covered by the camera might not be large enough for the
fetus.
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The fetuses were placed in an isotonic bath, at normal body temperature.
Most of the motion pictures were made of responses to stimulation, but some
activity was recorded for which there was no known stimulation. Fetal be-
haviorists usually refer to such actions as spontaneous activity. As used by the
Hamburger school (Hamburger, 1963, p. 350), however, the term refers pri-
marily to the endogenous, automatic build-up of neuronal discharges. The term
spontaneous activity, as used by others, refers to action due to any unknown
stimutation, whatever it might be.

As far as we know, the first action of a human fetus is a reflex, not any type of
spontaneous activity. The first reflex is in response to touching the face of the
fetus, an exteroceptive stimulus of tactile nature, rather than a stretch stimulus
as Windle (1944, 1950) has proposed i his papers.

The stimulus from touching the fetus around the mouth (upper and lower
lips or perioral area) is carried by the descending fibers of the fifth cranial
{trigeminal } nerve down to the upper cervical segments of the cord, then over
an interneuron to the motor neurons and out by the motor fibers to the region
of the neck muscles. The reflex consists of bending the head to the side opposite
the stimulation (Figure 1). At the time that the reflex first occurs, it involves
all of the neuromuscular mechanisms that are sufficiently developed to react
{for diagrams, see Figure 4 in Humphrey, 1952; Figurc 1 in Humphrey, 1933;
or Figure 6 in Hooker, 1952). In the week’s time hetween the first reaction of
bending the head to the opposite side, and acquisition of the reflex shown in
Figures 1 and 2A, there has been enough development so that the head, the
trunk, and the rump all bend to the contralateral {or opposite} side, and the
rump rotates to give a little hula wiggle, obviously a very primitive reaction.

In his work on amphibians, Coghill (1929) termed this contralateral flexion
reaction a fotal pattern reflex since it involves all of the neuromuscular mecha-
nisms capable of reacting. It is not a reaction to stretch, which is always a
localized reflex over a two-neuton are that functions in response to stretching
a muscle, which then contracts, but a response to cutaneous stimulation over a
three-neurcon reflex arc. Probably the stretch reflex known best to most of us
is the one that occurs in the dentist’s chair, when he finds it necessary to say,
“Open a little wider, please.” It is a stretch reflex that closes one’s mouth in
spite of all efforts to keep it open.

The reaction to touch that turns the face of the fetus (that is, the perioral
region) away from the stimulus has been known as an avoiding reaction.
Coghill called it that in 1929, in connection with his work on Amblystoma, and
a number of other workers on fetal activity have referred to it as an avoiding
reaction. It is a negative response, whereas turning toward a stimulus is a
positive reaction. The negative reflexes keep free-swimming animals like tad-
poles from being eaten up when touched by predators, as would happen if they
turned toward, instead of away from, a harmful stimulus; and so they preserve
the life of the tadpole. For the human fetus, there is no comparable function of
avoiding harm, but perhaps without any movement the fetus might adhere to
the amnion. Nevertheless, this type of reaction is retained in human develop-
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Ficure 1. Photographs
of 3 different fetuses of
8% sweeks of menstrual
age, showing part of a
contralateral flexion reflex
for each one. Note that in
each reflex the action in-
cludes mouth opening by
jaw depression as well as
contralateral flexion of the
head, trunk, pelvis, and
upper and lower extrem-
ity movements.

1A and B, third (F3)
and eleventh (F11}
frames of a reflex of a
27.1-mm fetus; 1C, 26.0-
mm fetus 1D, 27.7-mm
fetus within the ammi-
otic  sac. The photo-
graphs vary from approx-
imately 1.5 to 1.7 times
the actual size of the fe-
tuses. The arrows point to
the open mouth. The dark
line over the nose in 1C
and at the corner of the
mouth in 1A is the stim-
ulator.

ment and insofar as we know now, it is the only type of reflex present for about
a week before the opposite respense, turning toward the stimulus, makes its
appearance.

The motion pictures were usnally taken at 16 frames per second, and in
illustrating the entire reflex, the frame immediately before the movement has
been numbered Frame 1 (F1) and the others in order until the return to the
original position is completed. Thus the approximate time required for the
reflex can be determined. In Figure 1A and B, therefore, F3 and F11 indicate
the second and tenth frames of movement in such a reflex of a 27.1-mm fetus.
A comparable stage of a similar reflex of a 27.7-mm fetus in the amniotic sac is
shown in Figure 1D.

Menstrual age, which is approximately two weeks more than fertilization
age, is used throughout this discussion. When a little fetus 26 mm long (8%
weeks of menstrual age, Figure 1C} is stroked around the mouth with a stimu-
lator, the head and trunk bend toward the side opposite the stimulation (con-
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Freuse 2, Photographs show the peak of action in a contralateral flexion reflex at 8%
weeks (A, 27.1 mm) and 9% weeks (B, 34.3 mm, crown-rump length). In the fetus of
8% weeks (A), the lips are just beginning to separate at the corer (at arrow), but in the
ene a week older (B} the jaw is depressed enough to separate the lips completely at the
corners also. The fetus in A js shown at one and one-half times its normal size and that in B
is enlarged slightly less.

tralateral head flexion) and then come back to the original position. This
26-mm fetus reacted 16 times with such contralateral reflexes but only two
times with an ipsilateral reflex, a response consisting of bending toward the side
stimulated. One of the interesting things about the ipsilateral reflex is that,
whereas an avoiding type of reflex of this fetus may take as little as half a
second (Humphrey, 1968, Figure 2), a positive reflex of turning toward the
stimulus required ahout two and a half seconds.

The difference in time between the two types of reflexes appears to be present
all through early stages of fetal activity. The ipsilateral responses, or turning
toward the stimulus—that is, the positive reactions—are slower than the contra-
lateral avoiding reactions, or potentially protective reflexes. Phylogenetically
the developing animal needs to get out of an cnemy’s way in a hurry, but can
take more time for the positive reactions that later form the basis for eating.

In earlier publications (Ilumphrey, 1968, Table 1, and 1988a), percentages
of the avoiding reaction or turning away were compared to the positive reflexes
for the age period 8 to 8% weeks, The 94 reflexes recorded in the motion pic-
tures include 87 of the avoiding type, or over 92% of them. So the avoiding
reflexes not only begin earlier and are more rapid, but are far more numerous
during this period and through at least the first 10 weeks.

In the beginning, I said that sometimes, even prenatally, there may be repe-
tition of the motor sequences of events. Here I am referring to the negative
and positive reactions, moving away from a stimulus or meving toward it. As
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early as 9% weeks, head extension has been noted after perioral stimulation,
and at 11 weeks of menstrual age a perioral stimulus elicits an extension re-
sponse quite consistently. (In Figure 3A and B, the perioral stimulus was a
clamp on the umbilical cord that touched the mouth area. The head almost
hyperextended and then returned to position.) This action also brings the area
stimulated away from the stimulus.

At 10 weeks (Humphrey, 1964, Table IV) touching the lips rarely results
in forward head-bending, or ventral flexion of the head, and this action is un-
common until after 11 weeks. It is illustrated later at 14 weeks as part of a
swallowing reflex. The movement brings the lips toward the stimulator and
so is a positive response. Therefore, in head extension and in ventral flexion
of the head, as in contralateral and ipsilateral bending (or flexion) of the head,
the avoiding or negative reflex precedes the positive one in time of appearance.
1t has alse been seen more frequently.

At 11% weeks of menstrual age, there is another change. Earlier in develop-
ment the head bends to one side, a difficult thing for an adult to do instead of
rotating the head. At this age the face begins to rotate to one side on stimula-
tion of the oral area. Figure 3D shows a combination of rotation of the face
to the side oppuosite the stimulation and extension of the head. This action again
brings the area touched away from the stimulus, By 13 weeks of menstrual
age, stimulating the same area of the face may cause the face to rotate toward
the stimulator (Humphrey, 1968, Figure 12), although there may be a little
head extension also.

The extension-flexion and rotation tvpes ol activity are repeated in the
perinatal and postnatal period. Premature infants more often turn the face
away when the mouth is touched, but not always, of course (Figure 6A and B
in Humphrey, 1969b). An illustration from Prechtl and Beintema {Figure 6C
and D in Humphrey, 1969b } shows one of the four cardinal points (corners of
the mouth and upper and lower lips), the stimulation of which in most new-
born infants causes them to turn toward the stimulating nipple or finger, which
then slides into the mouth and sucking begins. Also from the standpoint of an
avoiding (or negative} and a moving toward {or positive) reaction, there are
two repetitions in fetal life. Thus, although the actions of extension and ventral
flexion of the head and of contralateral and ipsilateral rotation cof the face differ
from contralateral and ipsilateral head bending, the sequence of first the nega-
tive, then the positive reaction is clearly repeated twice,

Now we shall return to the early contralateral flexion reflexes, to take up
another part of the activity. In the 26-mm fetus with the stimulator lying
across the nose (Figure 1C), there is a small, dark, right-angled triangle below
the nose, just between the hands. This is the partially open mouth. For this
fetus there were nine motion picture recordings of mouth opening. The mouth
of the 27.1-mm fetus in Figure 1A and B also is partly open, but the open
mouth of the 27.7-mm fetus within the amniotic sac (Figure I1D) shows
less well.

It is hard to demonstrate small movements with photographic prints, but in
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watching the motion picture films, in addition to the contralateral bending of
the head and trunk, the rump rotation, and the mouth opening, one sees
spreading of the fingers and of the toes (Figures 1D and 2). There is also
extension of the arms at the shoulders, as seen on comparing Figure 1A with
1B, and sometimes flexion at the elbow and at the wrist as well.

At the peak of another reflex of the 27.1-mm fetus, the lips are beginning to
separate all the way to the comner (at arrow, Figure 2A), A week later (at 9%
weeks of menstrual age) as part of the same sort of contralateral flexion reflex
to stimulation of the perioral area, the open mouth forms an acute angle
(Figure 2B ) instead of a right angle. This means that the mouth is open farther
toward the corner, probably all the way.

By chance, and because I knew a little embryology, I noted that palatal
closure takes place at or just after the time that these mouth-opening reflexes
develop. An adult needs only to try to lower his own jaw with his tongue up
in the roof of his mouth to feel the pull exerted on it by lowering the jaw.
Years ago Wilhelm His (1901), the famous Swiss embryologist, suggested that
reflex depression of the jaw and reflexes of the tongue were the factors that
removed the tongue from between the palatal shelves so they could change
position and close. There was much disagreement at the time, but within 30
years the concept was dropped from the literature, and modern workers on
cleft palate have ignored the views of His almost completely. At the 1967
meeting on cleft lip and cleft palate in Denver, however, it was reported by
Walker (see Fraser, 1967) that head extension reflexes in the rat might be
effective in elevating the palatal shelves. When 1 noticed the correlation in
time of development between mouth-opening reflexes and palatal shelf trans-
position, it seemed worth pointing out this relationship (Humphrey, 1969c),
even though I am not in the field of palatal investigations.

One of our 8%-week fetuses, a fetus 28 mm long, had 16 reflexes that included
mouth opening. The mouth opened only part way, and the tongue and palate
were well developed, with the palatal shelves in the vertical position along the
sides of the tongue ( Figures 6 and 7C in Humphrey, 1969¢).

In the 27.1-mm fetus shown in Figure 1A and B, the mouth is beginning
to open farther (Figure 2A) and the palatal shelves are in the horizontal posi-
tion above the tongue (Figure 4D in Humphrey, 1969¢), but the shelves are
poorly developed. They do not touch in the midline and probably they never
could. Here an underdevelopment of the palatal shelves could lead to a
cleft palate, because the shelves are too short to meet, and to an early change
in tongue and palatal shelf position, since there is little resistance to tongue
withdrawal.

The 9%-wceek fetus of 34.3-mm crown-tump length in Figure 2B sometimes
opened its mouth farther. The palatal shelves are closed and in contact with
the nasal septum. They have indented each other as 2 ball indents the mitt
of the catcher (Figure 14 in Humphrey, 1969¢c). This probably means that the
closure was forceful and therefore could not have been due either to such a
slow process as the accumulation of mucopolysaccharides or solely to an
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intrinsic shelf force—explanations that are prominently mentioned in cleft-
palate literature at the present time, as reported by Fraser (1967}.

The tongue and the palatal shelves of two of the 8%-week fetuses (Figure 8
in Humphrey, 1969c) have particularly well-developed vertical palatal shelves
along the sides of the tongue. The microscopic sections show the hyoglossus
and genioglossus muscles of the tongue and the pull that they would exert on it
on opening the mouth, even without muscle contraction. Of course, if these
tongue muscles are able to contract at this time, the pull on the tongue is
far greater. .

As yet there is no published evidence, as far as [ know, that the human tongue
muscles do contract at this age. But there is evidence that at the time of palatal
closure the tongue muscles of the rat, at least, are able to act. Wragg, Smith,
and Borden (1968) showed that both the nerves that supply them and the
muscles are functional. Walker (1969) has demonstrated that these reflexes—
that is, both mouth-opening reflexes and tongue movements—take place in the
mouse at the time of palatal closure. (I have included palatal closure here
because I thought it might interest the people in speech and orthodontics who
are concerned with the problems that arise from cleft palates. )

Let us turn now to the manner in which mouth opening and closure develop,
because these actions are necessary for speech. The little 8%-week, 27.1-mm
fetns is the smallest one that shows any evidence of the mouth opening to the
corners (Figure 3A). At 9% weeks (Figure 3B) the mouth may open wider,
sometimes all the way to the corners, but the jaw depression that separates the
lips is still part of a total pattern reflex that bends (or Hexes) the head, trunk,
and rump contralaterally, rotates the rump, and moves both upper and lower
extremities.

If we go now from 8% and 9% weeks to 11 weeks (Figure 3A-C), instead of
contralateral flexion with mouth opening when the fetus is touched about the
mouth (Figures 1 and 2), as a rule there is head and trunk extension with a
tightening of the lips (Figure 3A and B). This change in the mouth is hard
to see, even with the motion pictures, and even more so in the photographic
prints, Also, in the few instances that the mouth has been seen to open at this
age, a different type of opening appears, a slit-like separation of the lips (Figure
3C) rather than formation of an acute angle (as in Figures 2B and 3D). The
lips open no farther at the midline than at the corners and so give a quite
different appearance than earlier. Two such reflexes were recorded in the
motion pictures for this 11-week fetus and one for a fetus of 11% weeks. These
slit-like mouth openings are rapid. One of them took place in only six frames
(or % sec ), from closed mouth to closure again,

At 11% wecks of menstrual age, however, there also may be another type of
mouth opening (Figure 3D) when the face is rotated contralaterally as a part
of the action. If the reflex is primarily a head extension reflex at this age, the
mouth opening will be slit-like; if it is a reflex that includes rotation of the face
or contralatera] flexion of the head, the mouth is open a little more widely in
the midline (Figure 3D ). Because trunk and extremity action is still present,
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Freure 3A and B. Part of an extension reftex following accidental stimulation
of the oral area with the clamp on the umbilical cord, Instead of the mouth
opening, the lips appear tightly compressed {arrow on B). C shows the slit-like

e of mouth opening sometimes seen at 11 and 11% weeks. The reflex followed
pulling of the fetus by the umbilical cord, and included head, trunk, and both
upper and lower extremity movements. I} illustrates another type of mouth
opening at this period, in this case 11% weeks, where the lips are separated
more at the midline than laterally. The face rotated a little contralaterally in this
reflex and the head bent contralaterally, There was also a small amount of trunk
and extremity movement.

A, B, and C show an ll-week fetus, measuring 48.5 mm crown-rump
length at slightly less than its size; D, 56,0-mm fetus, 11% weeks of menstrual
age, photographed at a little over natural size.
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these reflexes might be considered of the total pattern type although they
are no longer the same as the reactions at 8%-9% weeks.

Up until about 10 to 10% weeks of menstrual age, the areas of the face that
are supplied by the trigeminal nerve are the only areas of the body surface that
have been reported in the literature to be sensitive to stimulation. The eyelids
and the more peripheral areas about the mouth and nose have become sensitive
by 10% weeks also. Likewise, by 10 to 10% weeks, the palm of the hand responds
to stimulation; and the sole of the foot soon afterward. After these areas
become sensitive, mouth-opening reflexes may be secured by stimulating a
variety of other regions in addition to the perioral area.

When one fetus of 12% weeks (Figure 4A) was moved around by Hooker,
touching the forearm with his finger (at the arrow) probably provided the
stimulus for the mouth-opening response that followed. As part of the reflex,
the head bent a little toward the side touched.

On attempting to elicit the Babinski reflex from the sole of the foot of the
same 12%-week fetus, after the third stroke of the hair along the foot an ex-
tremely quick opening and closing of the mouth occurred (Figure 4B). The
whole reflex from closed mouth to closure again took place in a fourth of a
second. One can be sure that this closure is a stretch reflex because it is so
rapid. Probably also the rapid closure after slit-like mouth opening at 11 weeks
(Figure 3C) is a stretch reflex elicited by pull on the muscles when the jaw
is lowered. Prior to 11 weeks, mouth closure has been a passive affair, I believe,
not active.

Swallowing was first noted at 124 weeks (Hooker, 1952, 1958) and at 13
weeks it was recorded on motion pictures (Figure 13 in Humphrey, 1968).
On stimulation, the head extended a trifle, the mouth opened a little, and the
larynx was pulled upward so the contour under the chin changed. The sterno-
mastoid muscle was no longer visible because of the fullness in the neck area.
As the reflex was completed, some head flexion reappeared, but the lips re-
mained somewhat parted. So swallowing begins with a slight head extension,
but in completing the swallowing reflex there is ventral head flexion. If one
extends his own head back as far as he can, then tries to swallow, he will see
how difficult it is to do so without head flexion.

In a swallowing reflex a week later (14 weeks, Figure 5) the stimulator
touched the lips and was moved to one corner. Here also there was an initial
slight head extension, followed by ventral flexion as swallowing was completed.
Unfortunately, in Figure 5 a shadow over the mouth area makes it hard to see
that the mouth closed and then reopened as swallowing was completed.

At 14 weeks there are other combinations of mouth opening with still differ-
ent activities. In one reflex (Figure 6A and B), the stimulator was drawn along
the back from below, upwards, The reaction included shrugging the shoulder,
mouth opening and a sharp intake of breath or inspiratory gasp, then return
to the original position. The action reminds one of a postnatal reaction to
tickling, particularly as seen in the motion pictures. Even in the prints, without
evidence of movement, the similarity to a reaction to tickling is evident.

HumpHrey: Prenafol Activity Sequences 27



28

ASHA Reports

Ficure 4. Three different types of mouth-
opening reflexes resulting from jaw depres-
sion. A and B illustrate two mouth-opening
reactions of a fetus of 12% weeks, menstrual
age (70.0 mm, crown-rump length) that oc-
curred after stimulation of the forearm with
a finger when the fetus was moved (A) and
stroking of the sole of the foot with a hair
esthesiometer (B). In A the tongue obscures
the corper of the mouth; the reflex lasted
about 1% seconds. In B the action was rapid
with the mouth open for only two motion
picture frames (¥% second ). The photographs
are slightly less than the size of the fetus. In
C the mouth opening and the tongue eleva-
tion, forward tongue thrust, and tongue with-
drawal followed stimulation of the palm of
the hand. At the stage of the reflex repro-
duced here, the round contour of the tongue
is easily seen at the corner of the mouth. This
14-week-old fetus (855 mm, crown-rump
length} is illustrated at about 0.8 of its true
size.
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Ficure 5. Three stages in a swallowing reflex of a 14-week fetus (88.5 mm, crown-rump
length) elicited by moving the stimulator (A) from the midline to the corner of the lips.
Ventral head flexion followed the initial head extension and closure of the mouth (B} as
swallowing was completed (C). The mouth reopened at the end of this reflex. The photo-
graphs here are a little over half the size of the fetus.

In another reflex of the same l4-week fetus, the stimulator came up from
the cheek over the fused eyelids (Figure 8C and D). In response to this
stimulus the fusion line between the eyelids almost disappeared and the eyeball
flattened (Figure 6D ). This means that the eyelid muscle (orbicularis oculi)
contracted. The result is a squint-like reflex. In addition, in the oral region
there was a retraction of the corner of the mouth and the upper lip was raised
near the corner (Figure 6D ). The result is a sneer-like action. Both eyelid and
lip reflexes are ipsilateral, or on the side stimulated.

Also at 14 weeks, two types of oral reflexes have been seen after stimulation
of the palm of the hand. One of them (Figure 4C) consists of mouth opening
by depressing the jaw and is accompanied by elevating the tongue, thrusting
it forward, and then withdrawing it. In the other reflex (Figure 16 in Hum-
phrey, 1969b) the lips separate due to action of the muscles of facial expression
supplied by the facial or seventh cranial nerve. This reflex has been seen also
at 18% weeks, and reflexes like both of these reactions are found in premature
and newborn infants. Thus again there is repetition of activity sequences.

At 15% weeks ( Figure 7), still other combinations of reflexes have developed.
After stimulation over the eyelid, in addition to disappearance of the fusion
line and flattening of the eyeball the mouth may open (Figure 18 in Hum-
phrey, 1968). The reflex appears to be purely from the eyelid stimulation, but
the stimulus to the eyelids involves the maxillary division of the trigeminal
nerve to the lower lid as well as the ophthalmic branch to the upper one. In a
similar reflex at 16 weeks (Figure 8A), after the stimulator was drawn down
over the eyelids, the highlight over the ipsilateral eyebrow became smaller as
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Ficure 6. Part of the action from two reflexes elicited from the same 14-week-old fetus
shown in Figure 5 and reproduced at approximately half the size of the fetus. In A and B,
drawing the stimulator up the back resull:ed in an inspiratory gasp with mouth opening, head
and trunk extension, expansion of the chest, and shoufder elevation with twisting of the trunk
resembling a response to tickling, In C and D, a stimulus upward over the eyelids was
followad% eyelid muscle action {orbicularis oculi contraction) and lip movement that
retracted the comer of the mouth and lifted the upper lip near the corner—reactions pro-
ducing squint-like and sneer-like movements, respectively.

the corrugator muscles contracted to give a scowl-like reflex. The fusion line
of the eyelids also disappeared and the eyeball flattened. Comparison of Figure
8A with 8C shows these differences. In this reflex, there were both squint and
scowl-like types of action. The lips also closed a little, then parted again (Fig-
ure 21 in Humphrey, 1968}.

As early as 10% weeks, when the first squint-like reflex was seen, and 11
weeks, when scowl-like actions have appeared, some muscles of facial expression
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Ficure 7. Tongue and 11'{) movements of a fetus of 15% weeks of menstrual age
e

(107.5 mm, crown-rump length) reproduced at about 0.7 nommal size. The
tongue and lips had been stimulated when separation of the lips in A revealed
a dark area at the midline interpreted as a groove lengthwise of the tongue.
Later the lips closed tightly on the stimulator as shown in B.

are functioning. As soon as these muscles can react, the reflex mechanism for
the expression of emotion is functioning. It is only the reflex mechanism for
the expression of emotions, however. No emotion {as we usually think of it)
is present, only the reflex action. Postnatally, the squint, the scowl, and the
retraction of the angle of the mouth into a sneer-like appearance all become
expressions of true emotion.

A glass rod—instead of the hairs usually employed—was used as a stimulator
of one reflex from a fetus 18% weeks of meuvstrual age. After the rod was
inserted into the mouth for a considerable way, a gag reflex resulted (Figure 23
in Humphrey, 1968). This reflex is included to show that the facial expression
that accompanies a gag reflex at this age is much like those seen on the faces
of children and adults under similar circumstances. The appearance produced
in this reflex by the muscles of facial expression is another example of the
functioning of these mechanisms for the expression of emotion before emotion
itself is possible.

The beginning of tongue movements in human fetuses has never been
observed. There is no proof, but the first movement of the human tongue is
probably a downward pull when it is withdrawn from between the palatal
shelves. Both the hyoglossus muscles, from the hyoid bone into the tongue, and
the genioglossus muscles, from the mandible into the tongue, would exert a
pull downward on the tongue when they contract, possibly as early as 8% weeks,
when the tongue and palatal shelves change position and mouth opening first
begins. In the rat, at least, tongue movements begin early { Angulo, 1932) at
the time shown by others for palatal closure,
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Stimulation of the tongue was first noted to produce a reflex at 124 weeks of
menstrual age (Hooker, 1952, 1958; Humphrey, 1964). In Figure 4A the corner
of the open mouth is obscured so that the acute angle is not clear all of the
way to the corner, evidently because the tongue is elevated enough to obscure
the corner of the mouth (Figure 4A). Later in this reflex the corner of the
mouth is clear, apparently because the tongue is withdrawn.

At 14 weeks of menstrual age, the tongue was clearly thrust forward and
withdrawn when the jaw was lowered in a mouth-opening reflex that followed
stimulation of the hand by pulling out a bit of amnion caught by the fingers
(Figure 4C). The corner of the mouth is completely invisible due to the tongue
movement forward in the part of the reflex shown. In one frame of this reflex
the rapid withdrawal of the tongue leaves a streak reminiscent of a snake’s
tongue.

At 15% weeks tongue movements are more varied. In one reflex (Figure 19 in
Humphrey, 1968) the lips closed on the stimulator after it was drawn back and
forth across the lips and the tongue. Then the mouth opened to show the
tongue (Figure 7TA) with a little dark spot where the stimulator touched it.
This dark spot, I believe, is a longitudinal groove, or lengthwise furrow along
the tongue. At this stage, evidently the sides of the tongue can turn upward
to produce such a longitudinal furrow. Later the lips of the fetus closed tightly
on the stimulator (Figure 7B). In another area of the motion picture record
of this fetus, the tongue was held at the inner border of the lips with no indi-
cation that a groove was formed along it. At 20 weeks (Figure 9C) when the
lips neared each other and the upper one puckered and the lower one pro-
truded, the tip of the tongue appeared along their inner border.

Protrusion of the upper lip was reported by Hooker (1952, 1958 at 17 weeks
and the lower lip at 20 weeks ( Humphrey, 1964 ). Beginning protrusion of the
lips on mouth opening appears to be present as early as 16 weeks, but is very
difficult to see (Figure 8A-B). The upper lip protrudes before the lower lip,
we believe, then both lips protrude.

At 20 weeks of menstrual age, the upper lip sometimes puckers and the
lower lip protrudes (Figure 9). In the position of the mouth at rest in this
particular fetus, the upper lip is elevated near the corner for part of the time
{Figure 9A). Following their stimulation as shown in Figure 9, the lips came
closer together, the elevation near the corner disappeared (Figure 9B), and
the lower lip protruded more definitely (Figure 9C). The outline of the
mentalis muscle is apparent in 9A and 9B, but is more prominent in 9C. This
protrusion in the postnatal child becomes a pout. The small up-and-down (or
vertical} lines on the upper lip are the pucker lines. They became accentuated
when the lips closed (Figure 9C). The protrusion and puckering of the lips
are preliminary developments for the complex sucking reflex. The lips must
be both puckered and closed before sucking can occur.!

1At the conference, the author showed a motion picture of several fetal activity se-
quences.—Ed.
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I want now to point out the neuroanatomical basis for the repetition of motor
sequences postnatally and to emphasize the fact that this is not a repetition of
identical movements, but of the sequence or order in which movements develop,
which is another matter entirely.

First, embryologically, the neural tube closes in the upper cervical region,
above the cervical enlargement that supplies motor nerve fibers for the arms.
Closure then proceeds cephalad to the uppermost cord levels and brain stem
and caudad to the cervical enlargement that innervates the arms, to the thoracic
region, and to lumbosacral cord levels for the legs. Thus closure proceeds in
two directions. Differentiation will also begin in the upper cervical levels and
proceed cephalad and caudad in the same manner. Consequently, function
follows in the same order, beginning in the region that closes first, and pro-
ceeding both caudad and cephalad (Humphrey, 1969b).

I have pointed out that the first movement is bending the head to the side
contralateral to the stimulus. This action takes place over the motor neurons
and nerves in the region where the neural tube first closed. As differentiation
progresses caudalward from the region of neural tube closure, the trunk bends
to the opposite side and the rump rotates. Differentiation and function have
then reached caudal spinal cord levels.

Differentiation also proceeds cephalad from the upper cervical region, so
that active partial mouth opening is added to the reflex. This mouth opening is
the result of the lowering of the mandible (or jaw depression) and may be due
partly to the action of the muscles that are supplied by the first and second
cervical nerves. As differentiation proceeds and the levels of the seventh (or
facial) motor nucleus and the fifth (or trigeminal) motor nucleus are reached,
the action of the mylohyoid and the digastric muscles aid in lowering the
mandible. The neurons that are thought to supply these muscles differentiate
earlier than the other nerve cells in the motor trigeminal and facial nuclei
{ Jacobs, 1970).

The neurons which supply the tongue muscles are located throughout most
of the medulla, in the hypoglossal nucleus, beginning slightly above the spinal
cord. As differentiation proceeds upward, it is reasonable to assume that these
motor neurons will both develop and become active early also and that active
tongue reflexes will then begin.

When the descending pathways from upper levels of the nervous system grow
down to synapse with the lower motor neurons of cranial and spinal nerves, the
fibers will reach the cervical spinal cord before thoracic levels, then arrive at
lumbar levels, and last at sacral regions. Therefore, the neurons innervating
the upper extremities, the trunk, and the lower extremities will develop synapses
in the same general sequence in which the development of the lower motor
neurons took place and the reflex arcs began functioning, This order of devel-
opment and function is primarily due to the fact that the fibers arise at higher
levels of the nervous system and so reach the spinal cord segments in a descend-
ing order. Neurophysiologically, the neurons that have functioned the longest
require the least stimulation to fire them, and less oxygen to react, so they are
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discharged more readily and therefore will function earlier in development.
These factors will contribute also to a repetition of the same order (or se-
quence) of motor events as the higher nervous system levels become active.
However, there will be a variation in the movements themselves, even though
the sequence is retained { Humphrey, 1969b).

The reflex arcs are regulated—activated or inhibited—from upper brain-stem
levels before higher levels like the basal ganglia (or striatal complex) influence
them. The extrapyramidal systems from the cortex which also produce gross
motions, such as one sees in spastic children, will activate the motor neurons of
cranial and spinal nerves in a similar sequence developmentally. Of course,
some actions are never performed until postnatal life, when the motor cortex
{area 4) becomes functional. In the development of finger action, for instance,
the fine action of opposing the thumb and fingers develops last and is con-
sidered to be purely postnatal.

I would like to mention one other point. In response to external tactile stimu-
lation about the mouth when reflex activity first begins, the reaction includes
the organism as a whole, and so is a total pattern type of reflex as the term
was used by Coghill (1929). All of the nearomuscular mechanisms that are
capable of functioning do react. As the contralateral fexion reflexes increase
in extent, they include mouth opening along with head, trunk, and extremity
activity. Then suppression or inhibition of part of the action begins and the
trunk and extremity activity is mostly eliminated (on perioral stimulation) and
localized actions appear. For the infant or the adult, gross movements must be
suppressed if fine ones are to be made. At the higher levels of the nervous
system, including the cortex, the gross movements must be suppressed or con-
trolled, in order to perform fine movements.
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POSTNATAL DEVELOPMENT OF
THE OROFACIAL MUSCULATURE

ROBERT E. MOYERS

University of Michigan, Ann Arbor, Michigan

In this discussion of the maturation of the orofacial neuromusculature, em-
phasis will be placed on its significance to workers in facial growth and speech.
A number of areas will be identified where our knowledge is incomplete, and
some logical sequences for research strategy and clinical therapy will be
suggested.

Few workers who spend their time solely on the early postnatal matura-
tion of the orofacial neuromusculature have a solid background in devel-
opmental neurobiology. The rest of us—speech pathologists, pathologists,
pediatricians, and orthodontists—have a secondarily dependent interest in
developmental neurobiology, so we approach research in this area with a
bias. Walt Whitman once sajd that our attitudes are the victims of our
experience. When we look, for example, at a neonate with some neural deficits,
if we're pediatricians, we have one idea in mind; if were speech pathologists
we have another; if we're orthodontists, we have another. All of us probably
ought to have a developmental neuroscientist working with us whe, so far as
possible, avoids the clinical bias. In turn, we might help him keep his own
work pointed to that which is of significance to society.

We often tend to choose the work that pleases us most, whether our own
ideas are tenable with related research findings or not. Therefore, it is impor-
tant in a paper of this type to label areas of incomplete knowledge, or findings
which seem to conflict, as well as to document facts. In our Center for Human
Growth and Development, we have a variety of people from several fields who
bring their different viewpoints together with the hope of giving each individual
more balance in his approaches to his own work. Intellectual hybrid vigor is
badly needed, hence this conference.

CLASSES OF NEUROMUSCULAR ACTIVITIES

Sir William Osler once said, in talking about diagnosis, that clinicians are
inclined to believe that the problem begins when the patient first is examined.
The conflagrations we call disease and disorders are the result of a constant
battle that may have been going on for a number of years between forces of
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pathology and the forces of repair, until a moment arrives when one side
dominates and the patient secks help. Our ability to diagnose the problem and
to treat it successfully is largely dependent upon our ability to reconstruct what
went on before the patient came to us.

When we see a patient in orthodontic or speech pathology practice, and
observe a functioning orofacial neuromuscular system, we look at a number of
combined reflexes which may best be fractionated and seen on a developmental
scale. Some reflexes may go as far back as prenatal days, and our ability to
condition them, even by the most elaborate methods, is more difficult than
changing reflexes developed postnatally.

“Unconditioned” Reflexes or Responses

By unconditioned reflexes, we mean those which are present at birth, having
appeared as a normal part of the prenatal maturation of the neuromuscular
system, a process which does not involve conditioning or learning in the ordi-
nary sense. If such maturation has not occurred by birth, the infant may not
survive. Such reflexes range from the simplest monosynaptic responses, such as
tendon jerk, to the very complex reflexes involved in infant nursing. Most
importantly, nearly all of these responses are related to food-getting, to protec-
tion of the airway, and to body regulatory mechanisms.

Among the unconditioned congenital reflexes operable in the oropharyngeal
region of the nconate are those of respiration, mandibular posture, tongue
posture, infantile swallowing, suckling, gagging, vomiting, coughing, and sneez-
ing. The infant does not learn to cough, for example, for he might die of
asphyxiation by the time he’d had sufficient “practice” in breathing, Congenital
unconditioned reflexes such as these require minimal reinforcement and are
very difficult to alter by usual conditioning procedures.

Conditioned Reflexes

The second category of neuromuscular activity is conditioned reflexes, of
which there are two types. The first of these are reflexes which appear with
normal growth and development. Of course, no conditioned reflex is capable
of being learned until all of the necessary parts in the central nervous system
and musculature have matured sufficiently to make that learning possible. This
is really Piaget’s concept of readiness applied to the central nervous system.
One cant have an occlusal reflex, for example, unless he has some occlusion.
But there are many arguments here. For example, crawling, walking, grasping:
does a baby learn to grasp and crawl, or was he taught? Would he have ac-
quired these motor skills at a certain age with no teacher to encourage him?

In the orofacial region, the mature swallow and mastication are examples of
reflexes which normally appear with growth and development. The child’s
swallow changes after the teeth appear. The mature swallow, requiring a
sensory input from the teeth and an exchange of sensation between the upper
and lower teeth, occurs as a conditioned reflex, learned in adjustment to the
developing occlusion and maturing musculature.
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The second type of conditioned reflex we are concerned with is that of the
so-called “bad habits,” for example, thumb sucking and some tongue-thrust
swallows.

Voluntary Activities

Finally, willful acts under cortical control must be considered. The infantile
swallow of the neonate is an example of an unconditioned reflex, since infants
are swallowing reflexly by the time they are born. The mature teeth-together
swallow, which appears during the first year of life, is an example of a reflex
which appears with normal growth and development. The learned tooth-apart
swallow, caused by a painful tooth, an occlusal interference, inflamed tonsils,
or pharyngitis is an example of the conditioned reflex swallow. And of course
one can swallow voluntarily as well.

1f we separate these reflexes that can be conditioned from those which resist
conditioning and which are basic to the very maintenance of life, we auto-
matically reshape our views.

What is the significance of thisP One can read articles in our orthodontic and
speech pathology literature telling how to correct abnormal swallow, without
even separating the kinds of swallows being discussed. Some are not even
aware that a tooth-apart swallow and an infantile swallow are physiologically
and developmentally two quite separate and different things. Furthermore, a
test of whether or not the swallow has been corrected is rarely given.

The main problem is not only to succeed in conditioning the swallow while
the patient is in your office; he must adopt the new reflex and automatically
reinforce it for us to claim to have “corrected” the problem.

DEVELOPMENT Oi:? OROPHARYNGEAL FUNCTIONS

Prenatal Maturation

During prenatal life the neuromuscular system does not mature evenly
(Hooker, 1944). It is not accidental that the orofacial region matures (in the
neurophysiological sense) ahead of limb regions, since the mouth so concerns
a number of vital functions which must be operable by birth-—for example,
respiration, nursing, and protection of the oropharyngeal airway (Hooker,
1939). In the human fetus, by about the eighth week generalized uniform reflex
movements of the entire body can be elicited by tactile stimulation. The few
spontaneous movements, in response to as yet unidentified stimuli, have been
observed as early as nine-and-a-half weeks. Localized specific and more periph-
eral responses can be produced before 11 weeks. At this time, stimulation of the
nose-mouth region causes lateral body fexion (Hooker, 1939). By 14 weeks,
the movements have become much more individualized, so very delicate activi-
ties can be executed. When the mouth area is stimulated, general bodily move-
ments po longer are seen, but instead, facial and oricular muscle responses are
produced {Humphrey, 1968). Stimulating the lower lip causes the tongue to
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move, for example. Stimulation of the upper lip causes the mouth to close, and,
often, deglutition to occur (Humphrey, 1970).

Respiratory movements of the chest and abdomen are first seen at about
16 weeks. The gag reflex has been demonstrated in the human fetus at about
18% weeks of menstrual age (Humphrey, 1970). By 25 weeks, respiration is
shallow, but may support life for a few hours if it has once been established.

Stimulation of the mouth at 29 weeks menstrual age has elicited suckling,
although complete suckling and swallowing are not thought to be developed
until at least 32 weeks (Hooker, 1939, 1944; Humphrey, 1964, 1968, 1970},

Davenport Hooker and Tryphena Humphrey have shown us that there is an
orderly, sequential staging of events in prenatal orofacial maturation—a staging
seen throughout the body, but much more advanced in the oropharyngeal
region. All this has to be established by the time of birth in order for the child

to survive.

Neongtal Oral Functions

At birth, the tactile acuity is much more highly developed in the lips and
mouth than it is in the fingers. The infant carries objects to his mouth to aid
in the perception of size and texture long before he inserts them into his
mouth as a part of teething. The neonate slobbers, drools, chews his toe, sucks
his thumb, and discovers that gurgling sounds can be made with his mouth
(Bosma, 1967).

Freudians consider all of this oral eroticism, as they do adult smoking; but
in the infant it surely is also exploratory and exercising the most sensitive
perceptual system in the body at that time. Oral functions in the neonate are
guided primarily by local tactile stimuli, particularly those in the lips and the
front part of the tongue.

The tongue at this age does not guide itself; rather, it follows superficial
sensation, The posture of the neonate’s tongue is between the gum pads, and
often it is far enough forward to rest between the lips, where it can perform
its role of sensory guidance more easily. The young infant, to a great extent,
interprets the world with his mouth, and the integration of oral activities is
therefore by sensory mechanisms.

If you touch a young child’s lips or tongue and have him follow your finger,
his whole head and body turns. A little bit later he turns his head separately
from his body, and still later he will move his mandible without moving his
head. It is only last of all that he can follow the tongue without moving his
mandible. These stages appear in a natural sequence, just as teeth erupt on a
kind of schedule.

The infant uses his mouth for many purposes. The perceptual functions of
the mouth and face are combined with the sensory functions of taste, smell, and
jaw position. The neonate’s primary relationship to his environment is by means
of his mouth, pharynx, and larynx. Here a high concentration of readily avail-
able receptors become stimulated and modulate the already matured brain-stem
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coordinations which regulate respiration and nursing and determine head and
neck positions during breathing and feeding.

The sensitivity of the tongue and lips is perhaps greater than that of any
other body area. The sensory guidance for oral functioning, including jaw
movements, is from a remarkably large area (Bosma, 1967). These sensory
inputs are compounded by many dual contacting surfaces, such as tongue and
lips, soft palate and posterial pharyngeal wall, and the compartments of the
temporomandibular articulation (Bosma, 1967). A great array of sensory sig-
nals is required for integration, coordination, and interpretation of this complex
system.

Infantile Suckling and Swallowing

The effectiveness of these activities is a good indication of the neurological
maturation of premature infants, It has been found that a child will follow the
same patterns in certain oral reflex movements years after initial learning. For
example, a study was made of children whose records had been kept from
infancy. As long as five years after weaning, if given a bottle from which to
suckle, they produced the same suckling, swallowing, and respiratory rhythms
as they had when infants (Moyers, 1964, and author’s unpublished data). If
they swallowed in a suckle-suckle-swallow type of pattern, which we call a
two-for-one, this same rhythm appeared years later. It may be a three-for-one
or even a four-for-one, but the pattern is maintained. Such primitive reflexes
are difficult for us to change. How foolish it is for us, with our present ignorance
about conditioning mechanisms, to try to alter some of these reflexes. We must
spend more time with those problems that we have at least a theoretical chance
to condition.

Rhythmic elevation and lowering of the jaw provide sequential changes in
positions of the tongue in coordination with its suckling contractions. The
activities of suckling are closely related temporally to the motor functions of
positional maintenance of the airway.

Electromyographic studies in our own laboratory have confirmed visual
observation reported in England by a number of people revealing that, while
the mandibular movements are carried out by the muscles of mastication, the
mandible is primarily stabilized during the actual act of infantile swallowing
by concomitant contractions of the tongue and facial muscles (Moyers,
1964). At the actual tme of the infantile swallow, the tongue lies be-
tween the gum pads and in close approximation with the lingual surface of
the lips. So the infantile swallow is neuromuscularly a different mechanism
than the mature swallow.

Characteristic features of the infantile swallow are that (1) the jaws are
apart, with the tongue between the gum pads; (2) the mandible is stabilized
primarily by contractions of the muscles of the VIIth cranial nerve and the
interposed tongue; and (3) the swallow is guided, and to a great extent con-
trolled, by sensory interchange between the lips and tongue.
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Maintenance of the Airwway

The oral jaw musculature is Tesponsible for the vital positional relationships
which maintain the oral pharyngeal airway. While the infant is resting, a rather
uniform diameter for the airway is provided by (1) maintaining the mandible
anteroposteriorly, and (2) stabilizing the tongue and posterior pharyngeal wall
relationships.

The axial musculature around the vertebrae is also concerned. These primi-
tive neonatal protective mechanisms provide the motor background upon
which, with growth, all of the postural mechanisms of the head and neck region
are developed. Physiologic maintenance of the airway is of vital, continuing
importance from the first day throughout life.

This little neonate that cant focus its eyes, that can’t make a purposeful
movement with any of its limbs, that can’t hold its head upright, that has abso-
lutely no control of the lower end of its GI tract, has absolutely exquisite
control of some functions in the orofacial regions. Why? He must in order
to survive!

The gag reflex is also present at birth to protect the airway, but it changes as
the child grows older, to accommodate visual, acoustic, olfactory, and psychic
stimuli which are remembered and thus condition the gag reflex.

Infant Cry

The involvement of the orofacial and jaw musculature in infant crying has
been reported in classic studies by Bosma, Truby, and Lind (1965). When the
aroused baby is crying, the oral region is unresponsive to local stimulation.
The mouth is held wide open, while the tongue is separated from the lower
lip and from the palate. The steady stabilization of the size of the pharyngeal
airway is given up during crying; and there are irregular, varying constrictions
during expiration of the cry, and large, reciprocal expansions during the alter-
nating inspirations.

EARLY POSTNATAL DEVELOPMENT OF ORAL FUNCTIONS
Mastication

The interaction between the rapidly and differentially growing craniofacial
skeleton and the maturing neuromuscular system brings about sequentially
progressive modifications of the elementary oral functions seen in the neonate.
Mandibular growth, downward and forward, is greater during this time than
is midface growth, giving rise to a greater separation of the thyroid bone and
thyroid cartilage from the cranial base and mandible.

Maturation of the musculature and delineation of the temporomandibular
joint help provide a more stable mandible. Although the mandibular growth
carries the tongue away from the palate and helps provide differential enlarge-

ment of the pharynx, patency of the airway is maintained—a most jmportant
point.
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The soft palate and the tongue are commonly held in apposition, but as the
tongue is no longer lowered by mandibular growth, its functional relationship
with the lips is altered, an alteration aided by the vertical development of the
alveolar process. So the morphologic relationship of the tongue and lips is
strained. At rest now, the tongue is no longer in generalized apposition with
the lips, buccal wall, and soft palate. The lips elongate and become more
selectively mobile; the tongue develops discrete movements which are separate
from lip and mandibular movements. The labial valve mechanism is constantly
maintained during rest and feeding so that food is not lost.

The devclopment of speech and mastication as well as facial expression
requires a furthering of the independent mobility of the separate parts. In the
neonate, however, the lips tightly surround a plunger-like tongue, moving in
synchrony with gross mandibular movements, Speech, facial expression, and
mastication require the development of new motor patterns as well as greater
autonomy of the motor elements. Not all of the developmental aspects of these
functions are known, But mastication certainly does not gradually develop
from infantile nursing. Rather, it scems, the maturation of the central nervous
system permits completely new functions to develop. These functions are trig-
gered to an important extent by the eruption of the teeth.

One of the most important factors in the maturation of mastication is the
sensory aspect of newly arriving teeth. The muscles controlling mandibular
position are cued by the first occlusal contacts of the antagonistic incisors,
Serial electromyographic studies at frequent intervals during the arrival of the
incisors have demonstrated conclusively that the very instant the maxillary and
mandibular incisors accidently touch one another, the jaw musculature begins
to learn to function in accommodation to the arrival of the teeth (Moyers, 1964,
and author’s unpublished data).

Thus, since the incisors arrive first, the closure pattern becomes more precise
anteroposteriorly before it does mediolaterally. All occlusal functions are
learned in stages. The central nervous system and the orofacial and jaw mus-
culature mature concomitantly, and usually synchronously, with the develop-
ment of the jaws and dentition (Moyers, 1971),

The earliest chewing movements are irregular and poorly coordinated, like
those during the early stages of learning of any motor skills. As the primary
dentition is completed, the chewing cycle becomes more stabilized, using more
efficiently the individual's pattern of occlusal intercuspation (Moyers, 1971).
In the very young child, sensory guidance for masticatory movement is pro-
vided by the receptors in the temporomandibular articulation, the periodontal
ligament, the tongue, and the oral mucesa and muscles; and, of these, it seems
by far that the most important are those of the temporomandibular articulations,
and next those of the periodontal ligament. Cuspal height, cuspal angle, and
incisal guidance (which is usually minimal in the primary dentition) play a role
in establishment of chewing patterns in the infant. However, condylar guidance
is not important, since the eminentia articularis is ill-defined and the temporal
fossae are shallow (Moyers, 1971).
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Rather, it may be supposed that the bone of the eminentia articularis forms
where temporomandibular function permits it to develop (Moyers, 1971). In a
similar fashion, the plane of occlusion is established by the growth of the
alveolar process, during eruption of the teeth, to heights permitted by the
configuration and functioning of the neuromusculature.

The individual’s movements during the chewing cycle are a developed, inte-
grated pattern of many functional elements. In the young child, at the time
of completion of the primary dentition, masticatory relationships are nearly
ideal, since all three systems (bone, teeth, and muscle) still show the lability
of development and are highly adaptive. Cusp height and overbite in the
primary dentition are more shallow, bone growth more rapid and adaptive, and
neuromuscular learning more easily obtained, since pathways and patterns of
activity are not yet well established. Adaptations to masticatory change are
much more difficult in later years, as every dentist knows.

Facial Expression

In a not dissimilar way, most subtle facial expressions are learned, largely
by imitation, so we think, and begin about the time the primitive uses of the
VIIth nerve musculature for infantile swallowing are abandoned. Those of us
who are parents imagine all sorts of facial expressions in the young neonate.
Actually, observing the infant objectively, we must admit that the expression
is often rather blank. The reason is that the facial muscles are busy being
used for the massive efforts of mandibular stabilization necessary during in-
fantile swallowing. Eventually the VIIth nerve muscles and the mandible
become controlled and stabilized more by the muscles of mastication, particu-
larly during unconscious reflex swallowing, and the delicate muscles of facial
expression become free to be truly “muscles of facial expression.”

Although many facial expressions are learned through imitation, some facial
responses are unlearned and can be traced back to reflexes of earlier primates.
Similar facial displays have evolved in the four lines of modern primates in
which monkey-like forms have developed. Comparative studies have been
made revealing similar reflex expressions of hasic protective anger, for example,
in various primates—the same primitive instinctive expressions you have seen
on your best friend.

Speech

Purposeful speech is different from reflex infant cry. Infant crying is asso-
ciated with irregular tongue and mandibular positions related to sporadic
inspirations and expirations during crying {Bosma, Truby, and Lind, 1965).
Speech, on the other hand, is performed on a background of stabilized and
learned positions of the mandible, pharynx, and tongue. Infant cry is usually
a simple displacement of parts, accompanied by a single explosive emission,
whereas speech can only be carried out by polyphasic and sequential motor
activities synchronized closely with breathing { Bosma, Truby, and Lind, 1965).
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Speech is regular; infant cry is sporadic. Speech requires complicated, sophis-
ticated, varying sepsory conditioning elements during learning; infant cry is
primitive and unlearned. There is an analogy here between the mature swallow
and the infantile swallow, between mastication and mfantile suckling, and be-
tween learned speech and infant crying, all of which are best seen on a
developmental scale.

Mature Swallow

During the latter half of the first year of life, several maturational events
occur which markedly alter the orofacial musculature’s functioning. The arrival
of the incisors cues the more precise opening and closing movements of the
mandible, compels a more retracted tongue posture, and initiates the learning
of mastication,

As soon as bilateral posterior occlusion is established, usually with the erup-
tion of the first primary molars, true chewing motions start, and the learning
of the mature or teeth-together swallow begins { Moyers, 1971}, Gradually the
Vth cranial nerve muscles assume the role of mandibular stabilization during
the swallow, and the muscles of facial expression abandon the crude, infantile
function of suckling and swallowing and begin to learn the more delicate and
complicated functions of speech and facial expression (Moyers, 1964).

The transition from infantile to mature swallow takes place over several
months, aided by maturation of neuromuscular elements, the appearance of
upright head posture, and hence a change in the direction of gravitational
forces on the mandible, the instinctive desire to chew, the necessity to handle
textured food, dentitional development, and so on (Moyers, 1964 }. Most chil-
dren achieve most features of the mature swallow by 12 to 15 months of age.

Characteristic features of the mature swallow are that (1) the teeth are
together; (2) the mandible is stabilized by contractions of the mandibular
elevators, which are primarily Vith cranial nerve muscles; (3} the tongue tip
is held against the palate above and behind the incisors; and (4) there are
minimal contractions of the lips during the mature swallow.

Development of Neurophysiologic Regulation of Jaw Positions and Functions

Jaw position, like a number of other automatic-somatic activities, normally is
largely reflexly controlled, even though it can be altered voluntarily. A surpris-
ing pumber of jaw functions are carried on at the subconscious level, even
though conscious control is possible and sometimes necessary. Recent research
has shown that the receptors in the temporomandibular capsule area are far
more important than previously thought, Many of the enigmas of prosthetic
dentistry have fallen into place logically as a result of the research efforts of
Thilander {1964) in Sweden and Greenfield and Wyke (1966) in England.

Since most research on the neurophysiological regulation of jaw position and
function has been done on the adult, there has been a tendency to transfer
prosthodontically oriented concepts, based on sound adult clinical practice, to
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children. During development, before all of the system’s parts have appeared,
and while growth is dominant, it is hazardous to maintain the same clinical
assumptions which are so useful in understanding the adult.

Our knowledge about the developmental aspects of orofacial and jaw neuro-
physiology is most incomplete at this time, though much research is under way.
We must remember that many of our attitudes are victims of our experience
with degenerating occlusions in adults, and the critical clinical factors which
obtain under those circumstances may not be present in the child, or may
have different relative significance during development.

CONCLUDING REMARKS

Aristotle, though not writing about child growth and development, said that
every man ought to be judged by a ruler within him, The problem is: what
is the ruler? One of the crude rulers useful for this conference, and for our
collaborative research in the future, is a ruler which is a developmental scale.
Not a time scale, necessarily, and not a quantified scale, but a crude, ordinal
concept that some of these reflexes we treat have their origins in prenatal days.
Our ability to condition them, even by the most elaborate conditioning methods
we have, is quite different from our ability to condition other reflexes learned
during postnatal growth or in response to environmental stimuli. Each child
must be judged by his progress along such a developmental neurological ruler
and our treatments cannot naively and neatly presume to avoid the rules of
neurobiology. We need much more collaborative research among dentists,
speech scientists, and developmental neurobiologists to maintain steady prog-
ress toward practical goals. A thorough understanding of the development of
orofacial neurobiology is the only basis for such cooperation in research, the
only foundation for clinical advancement.
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Whether necessary or not, we feel the need to qualify our presence among
a group of authors whoe have made notable contributions to the research liter-
ature in the fields under discussion in this Report. For the past 20 years or so
we have confronted clinical problems that relate to these fields and have tried
to establish some perspectives about thesc problems with our students, hoth
in dentistry and in speech pathology. We shall direct our remarks from the
basis of these qualifcations,

This is the first paper in this Report to be presented by speech pathologists.
It seems advisable, therefore, to fit it into some broader context. The following
areas of mutual clinical concern can be defined with special reference to our
work with problems in orofacial growth and development among children.

1. Interrelated dental problems and problems in speech acquisition may occur
among children with congenital malformations of the orofacial complex.
These problems may be directly related to the malformations or result from
attendant maldevelopment or from certain types of surgical intervention.

2. The absence of tissue that may result from these congenital malformations
may require prosthetic management which will also influence speech ac-
quisition.

3. The speech of a previously normal speaker may be affected by the removal
of teeth or by the traumatic loss or surgical excision of orofacial tissues.
These patients may require both prosthetic management and speech re-
education,

4, Malocclusions occurring in children with otherwise normal potential for
speech production may, on occasion, create specific interference to the
precise articulation of individual speech sounds. Thus, the orthodontist and
the speech clinician may be mutually concerned.
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5. Dysfunction of the orofacial neuromuscular system may interfere with
speech acquisition and speech production. Many dentists believe that it
may also interfere with the development of corofacial morphology. There-
fore, our professions may be mutually concerned about children with oral
neuromuscular problems.

Our paper discusses only this last area of mutual concern—children with
neuromuscular dysfunction. We do not minimize the importance of the other
areas, but they will be discussed elsewhere in this Report. Furthermore, we
must discuss this area from our point of view as speech pathologists and leave
more detailed discussion of relationships between neuromuscular dysfunction
and the development of oral morphology to our colleagues in dentistry.

Arthur Miller, in his play All My Sons, has one of his characters ask another
why he reads book reviews when he never reads a book. “Because,” he answers,
“I like to keep abreast of my ignorance.” At this moment in history, the most
that anyone can do in discussing our topic is to bring us abreast of our igno-
rance. Or perhaps, stated more positively, to define some of our quandaries.

We will discuss the topic by considering three general guestions: (1) How
do we define neuromuscular dysfunction as it relates to speech and orofacial
problems? {2) What are feasible terminal goals for the rehabilitation of these
children? (3) What are the implications of neuromuscular dysfunction on new
response leamning?

DEFINING NEUROMUSCULAR DYSFUNCTION

Neuromuscular dysfunction has been implicated as a cause of speech dis-
orders since the earliest works in our clinical literature. Yet, except at the ex-
treme of the continuum where such diagnoses as cerebral palsy are applied,
neuromuscular dysfunction remains more of a loosely defined clinical con-
struct than an objectively describable pathologic entity. Less pervasive or less
debilitating neuromuscular dysfunction substantially remains in the eye of the
beholder. It is probably best considered a manifestation of what MacKeith
(1988) calls “neurodevelopmental disorders.” In proposing this nomenclature,
he wrote, “The term is used not as ‘minimal brain damage’ and ‘minimal brain
dysfunction” have too often been used, to put the problem to rest in a pigeon-
hole, but into a mailing box so that it goes on to a sorting office for intensive
study and analysis.”

Three general approaches to the clinical diagnosis of neuromuscular dysfune-
tion have been used, either single or in combination. The first approach in-
volves guilt by association, Diagnoses may be based on poar performances on
such tests as the Osertsky Tests of Motor Proficiency or the Heath Rail-Walking
Test, Or neurologic tests—usually unstandardized—may be used to elicit “soft
signs” of central nervous system deficits. Some clinicians even base diagnoses
upon tests of visual perception or visual-motor integration.

None of these tests involves the motor or sensory processes directly involved
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in speech production. How, then, can they help us understand problems in
speech production, let alone problems in tongue contro! related to problems in
dental development?

A second diagnostic approach emphasizes the historical description of the
development of such functions as chewing, sucking, and swallowing, and ob-
servation of these processes as they are currently accomplished. In this instance
the observation centers on muscle groups that participate in speech production.
But speech production and these functions, even though they involve the same
muscle groups, represent very different processes. Presumed deviations in the
development or execution of mastication and deglutition cannot, therefore, be
cited to account for deviations in speech production. Or conversely, deviations
in speech production cannot be cited to attribute dental maldevelopment to
neuromotor prohlems.

A third diagnostic approach centers on measurement of components of
specch-related neuromotor functions. As a measure of motor functioning, dia-
dochokinesis has probably been explored most theroughly, and tentative age
norms have been established (Johnson, Darley, Spriestersbach, 1983, Chap. 5).
Currently, however, some workers arc questioning the assumption that the
component movements in the rapid or alternating repetition of syllables are
similar to actual speech production. McDonald (1984) questioned the rele-
vance of measures of diadochokinetic rates on a theoretical basis. Hixon and
Hardy (1964 ) have offered experimental evidence to support the irrelevance of
measurements of syllable repetition, at least among children with sufficient
neuromotor dysfunction to warrant a diagnosis of cerebral palsy,

Another approach to measuring speech-related neuromotor functions is the
assessment of tactile-kinesthetic sensitivity of oral structures by form discrimi-
nation and two-point discrimination. Again some standardization of technique
has been accomplished and age-expectancies have been described (see Bosma,
1967). There is some disparity in research findings, but these techniques proba-
bly distinguish between certain speech defective groups and normal-speaking
groups. They may also correlate with measures of severity of articulatory dis-
orders (Ringel, 1970) and predict children’s success in articulation learning
(Locke, 1968a). In a recent review, however, Hardy (1970) cites evidence from
neurophysiologic research suggesting that “a relationship between deficits of
somesthetic discrimination and abnormal muscular patterning may not be a
direct one.” He concludes that “the recent work in mapping the two-point
discrimination and stereognostic capabilities of the oral cavity . . . may not have
as much implication for detecting and understanding deficits of afferent systems
related to sensorimotor function for speech production as might be assumed.”
It seems, threrefore, that the final definition of the validity of tests of oral sensa-
tion and perception as measures of speech-related functions is yet to be accom-
plished.

The obvious answer to the problem of describing neuromotor problems as a
basis for deviant speech production seems to lie in the observation of neuro-
motor processes during actual speech production. But the rapidity, complexity,
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and invisibility of speech movements create a host of frustrations to attempts
at direct observation and measurement. It is also important to recognize that
speech is a complex of learned behaviors. Winitz (1969) reminds us that when
particular phonemes and phoneme clusters are present in an individual’s spoken
language he is more likely to be proficient in the motor behaviors involved in
the production of these phonemes and clusters than when they are not present
in his phonclogy.

For the moment we can only say that the quest for approaches to better ob-
servation of the neuromotor aspects of speech continues. Two recently sug-
gested approaches deserve special mention, One is the observation, by electro-
myographic recarding, of the lack of stereotypy in the articulation of adults
with acquired dysarthria, preliminarily reported by Shankweiler, Harris, and
Taylor (1968). The other is the approach to the description of the coordination
of successive pressure events in speech production, described by Harvold else-
where in this Report.

In the final analysis, then, our diagnostic criteria for speech-related neuro-
muscular dysfunction are primarily unstandardized clinical impressions. With
full recognition of their woeful inadequacies, we can further timidly advance
five clinical formulations to serve as a basis for discussing approaches to re-
habilitation:

First, children with neuromuscular dysfunction may be less able to effect the
relatively precise relationships among the articulators required for normal
speech. Their difficulties in effecting these relationships may be increasingly
apparent, or may only become apparent, as the motor demands of speech be-
come increasingly complex. Therefore, wide inconsistencies in articulation may
appear, depending upon the over-all rate of speech, upon the phonemic context,
or upon other determinants of task complexity.

Second, neuromuscular dysfunction may not only influence the component
functions of the speech process, such as controlled expiration of the breath
stream, phonation, velopharyngeal valving, and movements of the tongue, lips,
and jaw. It may also disturb the temporal coordination of the series of motor
events involved in speech production,

Third, neuromuscular dysfunction should not be considered only in terms of
output. Impairment of precision in tactile-kinesthetic monitoring may be equal-
ly important. Auditory monitoring is a prime factor in the regulation of speech
production, particularly during the years of speech learning. But we must also
recognize the probable importance of tactile-kinesthetic monitoring.

Fourth, the relevance of neuromuscular dysfunction to speech production
cannot be assessed only in terms of its immediate influence. Even more impor-
tant is the influence of neuromuscular dysfunction at the time the child is
learning his repertoire of articulatory skills.

Fifth, neuromuscular dysfunction must be described with reference to the
specific process under scrutiny. It is, for example, precarious to relate neuro-
muscular dysfunction in mastication and deglutition to neuromuscular dysfune-
tion in speech, even though both may be found in the same patient.
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TERMINAL GOALS FOR REHABILITATING CHILDREN
WITH NEUROMUSCULAR DYSFUNCTION

If we are to plan a rehabilitation program for any patient, we must first
formulate 2 reasonably precise picture of the terminal goals toward which we
are programming. When we rcad reports of the prevalence of malocclusions
ranging from 20 to 70% of the population, we suspect that dentists may be in
less than monolithic agreement on what constitutes acceptable dentition, We
speech pathologists have done little better, if indeed as well, in arriving at
definitions of what constitutes acceptable communication. We have, for exam-
ple, approached the description of articulatory defectiveness from the premise
that absclute criteria of correct vs incorrect can be established. We have then
compounded the folly by behaving as though—as Locke {1968b) stated it—“The
best measure of severity of misarticulation is the number of defective sounds.”

In Winitz’s (1969) excellent discussion of phonology, he reminds us that, at
least as the term is used by linguists, the phoneme is defined as a wmit of lan-
guage signaling semantic distinctiveness. One criterion for judging the mis-
articulation of phonemes must then relate to the influence of those misarticu-
lations on the semantic distinctiveness of the words in the patient’s spoken
language. The only possible additional criteria would emerge from judgments
of acceptability of articulation—virtually in aesthetic terms.

As we observed earlier, lacking more precise diagnostic criteria, we are left
with the assumption that a neuremuscular deficit is immediately significant to
speech rehabilitation only when it reduces the potential for normal speech
production. In defining rehabilitation goals, therefore, we usually must assign
priorities to effecting changes that will have the greatest influence on the
over-all acceptability of the patient’s speech. The following suggestions are in-
complete but may provide some general approaches to goal formulation.

Very generally, the intelligibility of a particular phoneme is reduced in
proportion to the number of distinctive features altered by the misarticulation.
To illustrate: If we analyze consonant articulation according to the relatively
simple distinctive feature classification suggested by Miller and Nicely (1961},
we see that each of the five features is probably ascribable to different motor
patterns. The potential for mastery of these features may, therefore, be roughly
predictable, Neuromuscular impairment might, for example, preclude con-
sistent, accurate targeting of the place of articulation but might not preclude
reasonably accurate use of the affrication feature. In this instance, if the child
learns to use the affrication feature correctly, his speech is more likely to be
intelligible, even though place features remain deviant.

Misarticulations may be more deleterious to communication when they in-
volve phonemes that determine common grammatical forms. Therefore, a
high priority should be assigned to achieving consistent production of ap-
proximations of such morphologically crucial phonemes as /s/ and /[z/.

Even if many of the phones that characterize a patient’s speech do not lie
within acceptable phoneme boundaries, a listener is more likely to understand
him if he uses these phones consistently. Noll {1970) has expressed this
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concept as follows: “ . . if a speaker is fairly consistent in his sound errors,
the listener may be able to decode the message easily, once he has learned the
speaker’s code, If he is randomly inconsistent with his misarticulations, the code
is always changing, and thus intelligibility is affected.” A tenable goal for re-
habilitation may, therefore, be developing consistent use of a child’s most
nearly acceptable misarticulations.

Speech is primarily a series of acoustic events. Nevertheless, judgments of
acceptability may depend heavily upon coincident visual phenomena. For
example, a child who accomplishes his version of /s/ by protruding his tongue
between his teeth may appear to have much more defective articulation than a
child who preduces this sound by contact between the lower lip and the upper
central incisors, even though the acoustic result no more nearly approximates
an acceptable /s/. An important goal for rehabilitation, therefore, may be the
achievement of greater visual acceptability during speech production.

This aspect of rehabilitation may involve both of our professions. Research
findings on the direct relationships between dentition and the acoustic aspects
of speech articulation are equivocal, but the visual aspects of speech produc-
tion may concern both dentists and speech pathologists, *

Obviously, many other factors must be considered, but the four we have
mentioned illustrate some possible bases for assigning priorities to goals for the
rehabilitation of children with significant neuromuscular dysfunction.

NEUROMUSCULAR DYSFUNCTION AND
NEW RESPONSE LEARNING

If we were to capsulize what clinical speech pathology is all about, we would
say that it deals with new response learning. As we overhear the shop talk of
our colleagues in dentistry, we suspect that new response learning is an im-
portant area of their concern as well. Regardless of a dentist’s skill in modifying
or restoring structure, his efforts may yield little long-term benefit unless the
patient concomitantly learns some new responses. These responses may com-
prise the components of better dental hygiene, or different patterns of lingual
movement, or adaptations to prostheses. Here again is an area where the two
professions share some mutual concerns,

Despite the primary involvement of speech pathology in new response
learning, our research has traditionally been much more concerned with the
measurement of various behaviors than with orderly explorations of approaches
to modifying these behaviors. In a recent paper, Shelton (1970) observed:

Better speech therapy may result from improved understanding of speech production.
For example, knowledge about how the articulation of one phone inflaences the move-
ments used in the production of a neighboring phone . . . may lead to the identification
of speech contexts that will facilitate the acquisition of a specific articulatory skill. . . .
However, treatment applications will occur only if someone uses the speech produc-
tion research in the formulation and testing of new treatment. This requires research
as careful and complex as that involved in basic research. Basic know?ed e by itself
will not solve our applied problems. Good clinical work ecannot be founded on pro-
nouncements whether delivered by scientists or senior clinicians.

Frower, Lawson: Neuromuscular Dysfunction 53



With some notable exceptions, most orderly investigation of speech thera-
peutic approaches has involved either children with normal speech or children
for whom normal speech was a feasible terminal behavior. To discuss the re-
habilitation of children with neuromuscular dysfunction, we must again rely
substantially on hypothetical formulations based on fragmentary evidence.
Yet one fundamental tenet seems important: To our knowledge, no one has
yet demonstrated that any widely accepted theory of new response acquisition
is invalidated by the existence of central nervous system impairment. In fact,
some of the best research on new response acquisition has been conducted with
children whose central nervous system deficits are reflected in mental retarda-
tion.

We often regard disease-model diagnostic categories as meaningful descrip-
tions of behavior. For example, we discuss “cleft-palate speech,” as though the
dimensions of the speech behavior are specified by a single underlying disease
entity. Yet the patterns of misarticulation found among children with cleft
palate vary widely and are often not attributable to disordered orofacial
morphology. Similarly, all undesirable speech behaviors found among children
with neuromuscular dysfunction may not necessarily be attributable to neuro-
muscular dysfunction.

Also, recall our earlier assertion that the influence of neuromuscular dysfunc-
tion at the time particular speech behaviors are being learned does not neces-
sarily mean that neuromuscular dysfunction will interfere with a child’s learning
more acceptable speech behaviors at the present time. Sometimes, therefore,
neuromuscular problems will be irrelevant in the learning of particular new
speech behaviors.

A child’s success in acquiring new responses is one of the strongest motiva-
tions for his acquisition of other related responses. Too frequently, in teaching
speech skills we offer no alternatives between completely successful execution
of a normal speech response and a totally unacceptable response. Instead, we
should try to analyze acceptable speech responses into component tasks so that
a child can direct his attention to these components and be rewarded for mas-
terv of something less than the total task. This is particularly important when
eventual mastery of normal speech seems unlikely from the outset.

Much of cur therapy for children with speech problems, particularly articu-
latory problems, seems to be based on a notion Curtis (1968) characterized as
regarding speech as a sequence of discrete elements, one following another like
beads on a string. We direct therapeutic programs to these discrete elements,
assuming that if these elements are learned, this learning will be reflected in
total speech production, When a child’s speech problem is characterized pri-
marily by “phonetic errors that are the result of incorrectly learned phonemic
systems” (Winitz, 1969, p. 125), this approach to therapy may have some
validity. In that instance the speech behavior is, as Harris (1970) expresses it,
stereotyped, albeit inaccurately stereotyped. On the other hand, if neuro-
muscular dysfunction is characterized by lack of stereotypy in the coordination
of movements, we may not effect significant changes in speech by concentrating
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attention at the phoneme level. To our knowledge, McDonald (1964} is the
only writer in the field of speech pathology who has devoted extensive con-
sideration to this area.

We have already observed that one of the possible components of neuro-
muscular dysfunction is impairment in tactile-kinesthetic monitering of speech.
Although it has been demonstrated that tactile-kinesthctic perception im-
proves with age, it has not, to our knowledge, been demonstrated whether
improved tactile-kinesthetic discrimination can be learned in the same way that
improved visual and auditory discrimination can be learned. It may, in this
instance, be important to differentiate, in Galambos™ (1967) terms, between
neural maturation and neural learning, Winitz (1969), among other authors,
has suggested some guidelines for programming activities for the auditory
monitoring of speech production. These guidelines are based both on his own
work and on research in the field of visual discrimination learning, It is inter-
esting to speculate whether similarly structured programs would lead to com-
parable refinement of oral tactile-kinesthetic perception. Currently, we do not
know whether we should program for improved speech facility despite impaired
monitoring, or whether we should attempt to ameliorate the monitoring deficits
themselves,

We noted earlier that it is precarious to generalize from neuromuscular dys-
function, as manifested in mastication and deglutition, to speech production or
vice versa. It is similarly precarious to assume that teaching new responses for
one of these processes will result in new responses in another process. Hixon
and Hardy {1964) have offered experimental evidence to support their con-
clusion that “the neurophysiological mechanisms which evoke speech move-
ments of the articulators may be dissimilar from those which evoke nonspeech
movements of the same structures.”

In 1965, Subtelny wrote, *. . . to date it has not been conclusively shown by
controlled research studies that re-education of swallowing activity will, by
itself, effect an appreciable improvement in malocclusion and/or defective
speech production.” We know of no subsequent research that would seriously
challenge this conclusion.

We will leave to others the question of whether or not programs for learning
new responses in mastication and deglutition should be conducted. If such pro-
grams are pursued, however, we must conclude at the moment that they are
essentially unrelated to programs designed for learning new speech responses.

SUMMARY

In summary, we have attempted to offer glimpses of our ignorance in three
different areas related to neuromuscular dysfunction and speech problems in
children: diagnosis, identifying goals for rehabilitation, and the implications of
neuromuscular dysfunction for new response learning. For the purposes of
this Report, it may seem that we have placed too little emphasis on the relation-
ships between dental and speech problems. This is only partially attributable
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to our even greater ignorance of the relationship between neuromuscular and
dental deficits. We also maintain basic questions regarding some assumptions
about the interrelatedness of our concerns for the children who present these
problems.

In some respects the relationship between dentistry and speech pathology
has been like a summer romance, effected on the basis of superficial glimpses of
compatability. If it is to ripen into anything more lasting, we must find some
more binding ties.

From a clinical standpoint, we are convinced that no further reason
is needed for cooperation than that speech pathologists and dentists often work
for the rehabilitation of the same human beings. To justify our relationship we
do not need to demonstrate that the speech clinician’s efforts will contribute to
the ultimate achievement of better orofacial morphology. Nor need we demon-
strate that better speech will be effected by improved dental occlusion. When
the final evidence is in, we may find that either or both of these hypotheses are
true. Even if they are not, it is quite enough to believe that the highest level
of cooperation among all concerned professions is always in the best interest of
patients who require our assistance. This obtains regardless of the immediate
effects of the efforts of one profession on the efforts of another.
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SKELETAL AND DENTAL
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Conflicts of interest may readily develop among professional groups dedi-
cated to specific subjects when their magic circles overlap. It is surprising,
therefore, that the two professions, speech science and dentistry, both searching
in the close quarters of the oral cavity, have harely noticed the presence of
each other. Apparently they have been focusing in opposite directions, Looking
around certainly will widen the horizon for both groups, while locking to-
gether may be stimulating. Both identify spheres of interest within the same
anatomical and physiological boundaries. Both serve the same section of the
population. The problems puzzling them deserve attention for many practical
reasons, in addition to the inherent intellectual challenge.

It is my task to provide a brief overview of certain problems confronting
dentistry, problems which we may solve more expeditiously if we can work
in conjunction with the speech scientists. Dentistry is laboring on two fronts.
The first front is the combatting of diseases manifested in oral symptoms, of
which caries and periodontal problems are the most frequent. Also involved are
soft tissue lesions and bone diseases which, though occurring less frequently,
are not less complicated. The second front is aimed at maldevelopments and
dysfunctions ranging from dental malocclusions to congenital malformations.
It is on this second sphere of action, maldevelopment and malfunction, that
speech science and odentology may join forces.

Dental malocclusion is a prevalent malady in the total spectrum of all
dental irregularities, and in our culture it is viewed as a significant impairment.
The paucity of knowledge regarding the causes of malpositioned teeth presents
a significant problem to dentists. The etiologies of only a few categories of
irregular tooth positions are clearly delineated; for example, finger sucking and
lip biting. Otherwise, causation is hazy in the majority of dental malocclusions.

The prevailing concept in the dental profession holds that the facial skeleton
and its neuromuscular structures are strongly controlled by genetic factors
and not readily influenced by any therapeutic measures. According to this
school of thought, only tooth position and alveolar bone respond readily to
environmental stimuli. This concept is not a flimsy one, Tt is based on 2 long

58



series of research projects. Among the more important are the longitudinal
cephalometric studies by Broadbent (1937), Brodie (1941), Meredith (1954},
and Bjork (1947). These investigations unanimously indicate that individual
growth patterns of the facial skeleton follow rather narrow channels and make
few unexpected deviations. Clinical observations by orthodontists seem to sup-
port this concept of developmental stability, since conventional correction of
dental malocclusions apparently has little effect on the anatomical structures
outside the dental arches.

The tenuousness of this concept is obvious, as it is based on data obtained
from cephalometric radiographs and plaster models, neither of which yields in-
formation on function. The possible interrelationship between function or
behavior and structural development is not considered in the classical cephalo-
metric studies, and it is therefore not recognized. Parenthetically, this results
not from ignorance but from lack of proper research methods. While some
orthodontists may assume that only the dental alveolar structures can be al-
tered by conventional orthodontic treatment, this notion is open for discussion.
In his early electromyographic studies, Moyers (1949) was the first to provide
scientific evidence of more fundamental effects.

However, still undeveloped are the instrumentation and methods which will
permit a more meaningful examination of the relationship between muscle
function, skeleton, and dentition. We can study the skeleton and the dentition
with x rays and plaster models. We can derive some observations on neuro-
muscular structures and activities from electromyography. However, we cannot
synthesize the information. My assumption is that, with apprepriate tools and
methods which allow the recording and analysis of the interplay between neuro-
muscular activity and skeletal morphogenesis, eventually an understanding of
the etiology of malocclusion will emerge. Then we can prevent some malocelu-
sions and correct others more efliciently.

My optimism s inherited, I suppose; but it is also based on certain ohserva-
tions of coordinated animal experiments and clinical studies, which will be
mentioned briefly. Numerous publications over the last century have indicated
that mouth breathing, with the mandible maintained in a low postural posi-
tion, influences the shape of the jaws and frequently leads to malocelusion
(Linder-Aronson, 1970). The underlying hypothesis holds that the neuromuscu-
lar system subserving respiration has some control over the position of the
mandible relative to the maxilla and hence influences both skeletal morphogene-
sis and tooth position (Harvold, 1960, 1968 ).

The hypothesis has been tested in animal studies with the rhesus monkey as
an cxperimental model. It was demonstrated that if a normal animal lowers the
position of the mandible relative to the maxilla for a period of six to ten months,
then the shape of the mandible undergoes predictable changes. A more open
gonial angle and a steeper inclination of the lower border are produced (Figure
1). Furthermore, when the distance between the maxilla and the mandible is
increased, the muscular environment surrounding the dentition changes and
malocclusion can develop. The type of dental malocclusion depends on a series
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of factors, such as the new posture and activity of the tongue, cheeks, and lips,
as well as the movements of the mandible. In these pilot studies with the rhesus
monkey (awson, 1968; Harvold, 1968 ), various malocclusions have been pro-
duced which are similar to those found in the human who has that particular
type of mandible (Figure 2). However, we do not yet have sufficient animals
in the various categories to justify further statements.

In a parallel investigation, we are testing the hypothesis in reverse. Children
with malocclusions involving an open gonial angle and a steep lower mandib-
ular border are treated with appliances designed to strengthen the muscles ele-
vating the chin, particularly the facial muscle complex with the orbicularis oris
and the buccinators. Half of the children in this study serve as controls for one
year before entering the treatment group. The exercise appliances are used
mainly at night, and they are not designed to move any particular teeth. Yet
the response to these exercises is as striking as is the response in the experi-
mental animals {Figures 3, 4).

At this point one realizes that missing in this work are the tools and methods
which permit recording and study of neuromuscular activity in relation to
skeletal morphogenesis and morphology as well as to speech and behavior.
Available in the literature and in the laboratories are vast quantities of informa-
tion regarding the central nervous system, bone, muscles, correlative neuro-
physiology, and functions such as respiration, mastication, and speech. The
presentations in this Report have sifted out some central problems. The situa-
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Ficore 2. BRhesus monkeys
with normal dental occlusion
develop malocclusions when jaw
relations are altered and the
teeth subjected to deviant mus-
cle function. This animal devel-
oped a Class II malocclusion in
less than a year.

Ficure 3. The change in facial appearance after nine months of treatment
with an activator appliance. The use of orthodontic devices which affect the
facial musculature may also alter the dentition.

tion is reminiscent of the story of the young, healthy, and happy California
rancher who was sitting in the sunshine gazing at his green acres and his sturdy
cattle, when a county adviser on agricultural problems arrived. The “expert”
recognized room for improvement on the ranch and asked the young proprietor,
“Would you like to take some courses on new farming methods?” The young

rancher Iooked at him and replied, “No. I know so much already 1 don’t use
half of it.”
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Ficure 4. Tooth pesition changed during the ninth month of treatment with an activator
appliance designed to strengthen the facial muscles. Similar changes were not observed in
the control group in this clinical study.

I do not know what fraction of our knowledge we can apply in speech and
dentistry, but we certainly need more differentiating information, We may
compare the neural network serving the orofacial region to the telephone sys-
tem servicing the states, In the clinical sciences we want to know how, when,
and where those calls are made which influence the life and welfare of the
various communities. The details are, of coursc, important: the number of
stations, the shape and color of the telephones, the thickness and length of the
wires, quality of insulation, reliability of connections, signal coding, and trans-
mission. This information is basic and is accumulating more rapidly than we
can read it.

In our fields we need a “bugging” system to watch the action and separate
the meaningful communication from the meaningless, relative to morphogene-
sis, speech, and language development. In searching for such knowledge at
the clinical level, speech scientists and dentists find themselves putting needles,
wires, transducers, and microphones into the same muscles and cavities of the
head. Sometimes they arc surprised to find the other party cagaged in staking
the same ground.

The orofacial, pharyngeal, and laryngeal structures subserve respiration,
mastication, spcech, and facial expression. The motor control systems underly-
ing these functions are highly integrated, but with specialized areas and centers
subject to complex priority regulations. These priorities must be unraveled be-
fore many significant problems can be solved. The nenromuscular activity un-
derlying these functions is not readily available for observation and analysis
because of the irregularity of onset and the voluntary influence on performance.
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It is not comparable to the activity of the heart, with a built-in monitor and
reflexes producing a stable rhythm which exposes the responses to the stimuli.
The only oral function with some periodicity, which is the prerequisite for pat-
tern recognition and analysis, is swallowing, It is not surprising, thereforc, that
pediatrician Bosma (1937), dentist Kaires (1957), otolaryngologist Kawasaki
and his colleagues (Kawasaki, Ozura, and Takenouchi, 1964), neurologist
Kawamura { 1968), speech pathologist Fletcher (elsewhere in this Report), and
many others have entered the arena through the subject of deglutition.

The soft palate, with its participation in velopharyngeal constriction and
closure, is another neuromuscular mechanism which has been subjected to
concerted research, The palate apparently participates in deglutition, respira-
tion, vocalization, and speech articulation, With relatively little difficulty one
may elicit a predictable velopharyngeal constriction as part of the speech
function and study the muscles invelved. Therefore, the explorers from medi-
cine, speech science, and dentistry congregate at the soft palate and scrutinize
the speech mechanism, disregarding momentarily the possible involvement of
other mechanisms. I must include mysell in this category.

There is no need to proceed further on this subject, since the various orofacial
functions—respiration, mastication, deglutition, speech—are discussed in detail
elsewhere in this Heport. I may tum, then, to a specific objective which, in my
opinion, is crucial for dentistry and which may be achieved more readily
when pursued in cooperation with speech scientists and other professional
groups, namely, the development of adequate methods for asscssment of oro-
facial functions. This is concerned directly with the neuromuscular activity and
not with subjective criteria, such as appearance of the face and dentition and
the phonetics of speech,

Growth and development are slow processes at the macroscopic level which
we are examining, Data on neuromuscular activity are relevant to the problem
of growth if they demonstrate a comparable stability and rate of change. Only
“patterns” of function and behavior may have such stability. It seems impera-
tive, therefore, to develop techniques by which functional patterns can be
recognized, recorded, and related to each other as well as to the morphologic
changes in the subscrving structurcs.

The identification of functional models may enable us to study independence
and interaction among the various neuromuscular functions, such as speech
and mastication, or speech and facial expression. The study of functional pat-
terns may also provide information on the relation between speech and dental
malocclusion. These morphologic deviations not only coexist with, but may also
sustain or even cause, speech disorders (Bloemer, 1957). Dental abnormalities
probably place excessive demands on the neuromuscular system ordinarily
serving speech articulation.

Several exploratory studies have been undertaken to test the feasibility of
such an approach. Certain of the observations may be mentioned. The param-
eters for these investigations are time and signal amplitude. The time measure-
ments provide information regarding onset and duration of muscle activity,
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which in turn exposes the sequence of actions in the various muscles. If the
action can be repeated, then the pattern can be recognized and its stability
determined. This is an aspect of motor skill which can be related to growth and
development. The neuromuscular system serving respiration has a rhythmic
function, and can be monitored to perform with a relatively stable pattern dur-
ing the experfments. The modifying influence of respiration on other functional
patterns is therefore accessible for study. In the speech system the conditions
are indeed complex and require clarification in many dimensions. The first
question becomes: Is it possible to monitor a rhythmic function in the speech
system without engaging the masticatory mechanism and the system underlying
facial expression?

COur experiments have been based on the assumption that a relatively simple
function of the speech mechanism would be a relaxed repetition of short, fa-
miliar syllables without any attempt to communicate or be understood. A
selection of syllables serves to provide information on proficiency of sequential
action in the various muscle groups. We have found that recordings of the
functional pattern underlying a syllable are reproducible, with a statisfactory
level of reliability, at intervals of several weeks. We have also established that
the rhythmic inspiration has a distinet influence on syltable patterns. Further-
more, several functional skills appear to develop with age, while others suffer
when there are congenital malformations, neurclogic disorders, and anatomical
deviations such as dental malocclusions.

These experiments indicate that it is possible to provide new information on
some of dentistry’s problems regarding growth and devclopment. However, the
investigations also demonstrate that the problems of neuromuscular activity in
the orofacial region are influenced by many factors which are not readily
accessible to recording of valid data; for example, intensity of expression, at-
tempts to articulate with precision, and the subject’s awareness of the testing
procedure. The parameters for assessment of these factors are expressed in
signal amplitude.

In short, these observations focus owr attention on the significance of
threshold levels, interaction, and {feedback systems. It is at this junction that
the need for cooperation with other professionals, contributing their special
knowledge, becomes an urgency.

REFEBRENCES

Bjorx, A., The face in profile. Svensk Tandlak Tidskr., 40 sup. (1947).

Broomer, H. H., Speech defects associated with dental abnormalities and malocclusion.
In L. E. Travis (Ed.), Handbook of Speech Pathology. New York: Appleton-Century-
Crofts, pp. 608-652 { 1957).

Bosma, ]. F., Deglutition: Pharyngeal stage. Physiol. Rev., 37, 275-300 (1937).

Broapsent, H. B, The face of the normal child. Angle Orthodont., 7, 183-208 (1937).

Brootk, H. G., On the growth pattern of the human head from the third month to the eighth
vear of life. Amer. J. Anat., 68, 209-262 (1941).

Dawson, W. J., A study of the effects of tongue depression and resultant mandibular postural
change on the growth and development of the orofacial complex of rhesus monkeys. Thesis
submitted as partial fulfillment for certification by the American Board of Orthodontics.
University of California San Francisco Library (1968). i

G4 ASHA Reports No.6 1971



Harvowp, E. P., The role of function in the etiology and treatment of malocclusion. Amer. J.
Orthodont., 54, 883-898 (1968).

Harvowp, E. P., Mandibular morphogenesis, { Abstract) Amer, J. Orthodont., 46, 144 (1960).

Kaires, A, K., Palatal pressures of the tongue in phonetics and deglutition. J. pros. Dent., 7,
305-317 (1857),

Kawamuna, Y., Recent concepis of the physiclogy of mastication, Advences in Oral Physiol-
ogy. Osaka, Japan: Osaka University, pp. 77-109 (1968).

Kawasakt, M., Ozura, ], H., and TakenoucHr, S., Neurophysiologic observations of normal

deglutition. 1. Its relationship to the respiratory cycle. Laryngoscope, 74, 1747-1765
(1964). .

LiNDER-ARONSON, S., Adenoids. Acta oto-laryng. Suppl,, 265 (1970).

MzreniTH, H. V., Growth in bizygomatic face breadth during childhood. Grotwth, 18, 111~
134 (1954).

Movegs, R. E., Temporomandibular muscle contraction patterns in Angle Class II, Division
I malocclusions: An electromyographic analysis. Amer. J. Orthodont., 35, 853-857 (1949),

HarvoLp: Skeletal and Dental Irregularities 65



DEGLUTITION

SAMUEL G. FLETCHER

University of Alabama in Birmingham, Birmingham, Alabama

An attempt will be made here to draw together the diverse material that has
been published relating to deglutition and to present it in a theoretical frame-
work so that it can bhe examined and evaluated more readily.

First, four theories of normal deglutition which seem to emerge from the
multitudinous subjective and objective reports will be considered. Information
and conjectures concerning a particular pattern of oral physiclogy most typi-
cally called “tongue thrust” will then be reviewed. Finally, an attempt will be
made to relate findings about tongue thrust to a theory of maturation.

Interest in deglutition has been extensive, especially during the last century.
A rather large proportion of the discussions of this topic by various writers con-
sists of unverified personal observations and speculations. Nevertheless, a
thread of continuity for four major lines of thought may be recognized. These
lines of thought were presented in the form of the following contrasting theories
by Wildman, Fletcher, and Cox (1964): (1) the theory of constant propulsion,
(2) the theory of oral expulsion, (3) the theory of negative pressure, and
(4) the theory of integral function.

The theory of constant propulsion emerged from Magendie’s ( 1816) descrip-
tions of the swallowing act. His beliefs were drawn from anatomical dissections
supplemented by animal experiments and have survived as a basic, classical
conceptualization of these phenomena. The theory of constant propulsion de-
scribed the passage of the food bolus through the upper digestive tract in three
stages: the oral stage, the pharyngeal stage, and the esophageal stage. During
the oral stage, the food bolus is formed and transported under voluntary con-
trol to the pharynx. Upon receipt of the bolus, the pharynx was postulated to
be activated and, thereafter, to propel the food to the esophagus. The esophagus
then transported the food to the stomach. Magendie viewed each stage in this
process as essentially independent in action, although he recognized rather
close synchrony as essential in order to maintain propulsion of the bolus through
the different parts of the tract.

The next major expansion in theories relevant to swallowing patterning came
with the work of Kronecker and Melzer in the late 1800s. They conducted a
series of very ingenious experiments on themselves and on dogs in an attempt
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to establish some time relationships during the swallowing act. Their basic
approach was to use balloons attached to a string at one end. The string was
then used to activate a kymograph and to record the time intervals. Using them-
selves as subjects, they observed the time from the onset of the swallow to the
balloon’s arrival at the stomach. On the dogs, they opened the channel at dif-
ferent points along the tract and attempted to document time factors for trans-
port within different segments of the tract. They found the time lapses to be so
brief (approximately 0.1 sec for the total tract) that they concluded that the
expelled bolus was literally thrown from the mouth to the stomach and that the
intervening channels served only to provide a passageway and perhaps a final
squeezing action to disgorge the remnants which fell short of the mark. This
theory is labeled the theory of oral expulsion, since primary attention is
given to the powerful expulsive force generated by the tongue and mylohyeid
muscles. ’

A third major theory was advanced in the 1930s by a British radiologist, A. E.
Barclay. During fluoroscopic examination, Barclay observed what appeared to
be a “period of radiolucency” in the pharynx just before the actual movement
of the bolus was initiated and at a time when all of the orofices of possible exit
appeared to be closed. He also noted that, simultaneously, the laryngeal
pharynx and the esophagus appeared to be elevated and dilated momentarily,
then dropped. His interpretation of these phenomena was that the tongue was
brought forward to create a negative pressure and that this pressure was
accentuated by the drop of the larynx, so that the food was literally sucked
from the mouth to the esophagus.

The theory of negative pressure was discussed in detail and essentially re-
futed by Saunders, Davis, and Miller in 1951 on the basis of cinefluorographic
observations. In 1957, Atkinson et al. conducted a crucial experiment which
provided rather conclusive evidence that Barclay’s interpretation of his observa-
tions was in error. They placed small pressure transducers in the pharynx and
found double-peaked positive pressure fluctuations. At no time did they report
pressure differentials below the resting levels.

The theory of integral function is the final of the four theories of deglutition
and will be discussed in detail here. The orientation of this theory is drawn
from recent cinefluorographic, electromyographic, and myometric observations,
and places special emphasis on the highly integrated, synergistic coordination
of swallowing as a total, dynamic process. Although it is segmented for discus-
sion purposes, the theory stresses a highly refined, integrated, total physiologic
act.

For convenience, the theory of integral function in deglutition will be dis-
cussed in four phases, although it should be kept clearly in mind that there are
no clear demarcations between these phases. That is, the total activity is set
into motion, and no boundaries separate the phases other than the anatomical
designations of the various channels through which the bolus passes. Thus, all
phases are activated with the onset of the act. The act is discussed according
to each successive area where the most prominent changes are occurring,
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Preparatory Swallow

The first phase of the integrated swallow is signalled by the collection of the
food and the formation of a more or less compact bolus on the dorsal surface
of the tongue. This is initiation of the preparatory swallow and begins im-
mediately after liquids are taken into the mouth, or as soon as solid foods
are suitably masticated. The bolus thus formed is moved into a characteristic
position on the posterior dorsum of the tongue, and a complete peripheral seal
is established around it by the lips and teeth anteriorly, the tongue and tensor-
depressed soft palate posteriorly, the hard palate superiorly, and the buccal
teeth and adjacent mucosae laterally. Bosma and Fletcher (1962) have de-
seribed a second site of bolus accumulation in the infant, between the base of
the tongue and the epiglottis.

Positioning of a liquid on the dersum of the tongue before transporting it to
the final swallow-preparatory position may be facilitated through suction
created by moving the tongue posteriorly after a peripheral seal has been
established within the cavity.

The proportion of a mouthful of food to be swallowed at one time is ap-
parently somewhat constant. Jones and Work (1961} measured the velume of
water consumed per swallow by adults and by young children. They reported
an average of 21.3 cc per swallow by men, 13.8 per swallow by women, and 4.6
ce per swallow by children in the 1% to 3% years age range. They also found «
relatively constant ratio of 0.27 cc per kilogram of body weight.

A final characteristic of the preparatory swallow is the stabilization of the
oral cavity. Proffit et al. {1964) called attention to pressure of “considerable
magnitude” exerted between the teeth in the molar region as the tongue tip
was elevated to position the bolus in adult subjects, Whether or not a similar
condition exists in young persons has not been established. It secems that in
predentition or mixed dentition other mechanisms would need to be utilized
for this purpose.

Oral Phase of Deglutition

The oral phase of swallowing may be detected slightly before positioning
of the bolus is completed in the preparatory swallow. This phase is introduced
by withdrawal of the palate from its position against the root of the tongue,
where it has been held by the tensor veli palatini muscles (Fletcher, 1958). A
simultaneous drop and posterior movement of the tongue and vertical elevation
of the hyoid bone and larynx further open the channel for passage of the bolus
(Shelton, Bosma, and Sheets, 1960). The elevation of the hyoid may actually
be initiated as the bclus is positioned in preparatory swallow, according to
Ardran and Kemp (1954). A short respiratory pause also occurs as the food is
released from the mouth, This pause extends to the esophageal phase, and evi-
dences fine neurologic coordination hetween respiration and deglutition {Kawa-
saki and Ogura, 1968 ).

As soon as the posterior seal around the food bolus is broken by separation
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of the tongue and palate, an anterior-to-posterior rippling motion is activated
in the tongue at its contact point with the hard palate. The result of this action
is to discharge the food from the mouth, much as toothpaste is squeezed from a
tube {Ardran and Kemp, 1954}, The toothpaste analogy is appropriate only
in descriptions of swallowing a solid bolus. The force of gravity and the release
of linguapalatal pressure cause the bulk of a liquid bolus to flow ahead of the
tongue and later pharyngeal constrictions, A momentary pooling of the bolus
is evident as the bolus arrives at the upper and lower esophageal sphincters, re-
gardless of the consistency of the material swallowed. Ramsey et al, (1955)
termed the progressive tongue-palate contact and the later tongue-pharynx
contact a stripping wave, thereby emphasizing its function as a final clearance
activity rather than the primary driving force.

When a large bolus is to be swallowed, most or all of it is moved into the
swallow-preparatory position, then neatly sectioned by the tongue in consecu-
tive swallows until the oral cavity is emptied of its contents (Ardran and Kemp,
1955).

This interpretation contrasts rather sharply with that postulated earlier by
Kronecker and Meltzer, who did not have the advantages of cinefluorographic
observation.

Kydd and Toda (1962) and Proffit et al. (1964) found that during the oral
phase of swallowing, lingual pressures were almost identical around the anterior
and lateral edges of the perimeter of the oral cavity. Kydd and Toda noted
that pressure in the center of the palatal vault reached only about 60% of that
at the peripheries. In later observations, Proffit and Norton (1970) reported
that pressures exerted at the lateral margins of tongue-palate contact are some-
what higher than those at the anterior margin, Nevertheless, the observations
from each of these studies of oral pressure are consistent with the concept of
the establishment and maintenance of an anterior and lateral seal during
swallowing.

External postural stability during the oral phase of the mature swallow is
provided by active contraction of the muscles of mastication (Kawamura, 1961,
Sheppard et al., 1958},

Pharyngeal Phase of Swallowing

The pharyngeal phase of deglutition is begun as the bolus is released from
the tongue and thereafter passes through the fauces. Active participation of
the pharynx is elicited by palate and bolus contact with the pharyngeal wall
{ Fletcher, 1958; Sumi, 1964 ). This action consists of an elevation of the entire
pharyngeal tube and a sphincteric reduction in the lumen between the upper
pharyngeal wall and the soft palate {Bosma, 1957). A ridge of Passavant may
or may not be present to augment this valvular closure (Fletcher, 1957).

Closure of the palatopharyngeal portal and entrance of the bolus into the
pharynx is followed shortly by a synergistic, peristaltic-like tongue-pharynx
stripping wave that progressively propels the remnants of the bolus from the
pharynx. There is some controversy about whether the tongue or the pharyngeal
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wall is the major contributor to the propelling force developed. Ramsey et al,
(1955) pointed out that attempts to resolve this question are rather irrelevant,
since the actions of both structures are plainly complementary.

Passage of the bolus through the pharynx during mature swallowing is en-
hanced by an anterior movement of the hyoid bone and the root of the tongue
{Shelton, Bosma, and Sheets, 1960). Shelton, Bosma, and Sheets described an
alternative pattern in the swallow pattern of some people, an oblique upward
and forward movement of the hyoid. This variation apparently reflects different
ways in which the bolus is being handled. Ramsey et al. (1955) reported that
when one subject swallowed a large bolus, the hyoid bone moved in the
oblique upward and forward pattern; whereas when he swallowed a small
bolus, the hyoid motion pattern was first upward, then forward. Cinefluoro-
graphic observation of swallowing by infants displays yet a third pattern. In
infantile swallowing, the first vector is a strong forward thrust. The second
vector is a vertical rise toward the end of the act as the bolus passes through
the pharynx.

Bosma (1957) described an abrupt final elevation of the larynx as the bolus
reaches the hypopharynx. This rise is followed by elevation of the floor of the
hypopharynx and opening of the esophageal sphincter (Negus, 1948).

Esophageal Phase of Swallowing

The esophageal phase of swallowing is introduced by passage of the bolus
through the cricopharyngea! sphincter. True peristaltic movements then move
the bolus through the upper part of the passageway. The peristaltic wave may
be replaced as the propulsive force in the distal parts of the esophagus by
simultaneous contraction along lower segments (Vantrappan and Hellemans,
1967). During the esophageal phase of deglutition the tongue, palate, and
hyoid bone retumn to their preswallow positions.

The total processes of deglutition encompass a highly coordinated and com-
plex system in which all phases are integrated with few points of clear demarca-
tion.

THE TONGUE-THRUST PATTERN OF ORAL ACTIVITY

General Description

In recent years considerable attention has been focused on a pattern of oral
activity which includes the following attributes: minimal contraction of the
muscles of mastication during swallowing (Rix, 1946 and 1948; Tulley, 1933);
strong contraction of the perioral musculature (Rix, 1946 and 1948; Tulley,
1953); a thrusting movement of the tongue against or between the incisal
dentition {Neff and Kydd, 1966); movement of the hyoid bone in the oblique
or in the infantile pattern (Shelton, Haskins, and Bosma, 1959); and distortion
of the linguapalatal speech sounds, especially the sibilants (Fletcher, Casteel,
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and Bradley, 1961). The criterion characteristic of this pattern is the anterior
directional orientation of lingual movements, hence its label of tongue thrust.
Other terms such as perverted swallow, orofacial muscle imbalance, infantile
swallow, and reversed swallow have been suggested from time to time but have
not gained general usage, because they reflect specific and restrictive interpre-
tations concerning the presence and etiology of the pattern as a pathological
condition. The term fongue thrust is a descriptive rather than an etiologic or
prescriptive term and seems to have survived by default—no more acceptable
scientific term has been proposed which maintains the neutral connotation.

Perhaps the most significant statement which could be made about the so-
called tongue-thrust pattern of oral activity at this time is that no single
characteristic of the pattern is constant. Neff and Kydd (1966) have shown
that persons who are legitimately classified as tongue-thrusters may bring the
teeth into occlusion during swallowing. Leech (1958) and Subtelny (1965)
question the validity of unusual contraction of the perioral musculature as a
sign of tongue-thrust swallowing. Fletcher, Casteel, and Bradley (1961) and
Subtelny, Mestre, and Subtelny (1964) have shown that many children who
may demonstrate a tongue-thrust pattern of swallowing do not have associated
speech errors. Writers such as Rix (1946) and Straub {1951) stress the deleter-
ious effects of this “abnormal” swallowing pattern on dental occlusion; however
Cleall (1965) has observed that a thrust of the tongue tip between the incisors,
and lack of contact between the molars, can be shown in subjects with normal
dental occlusion. This variability led Scott (1961) to conclude that, insofar as
dental occlusion was concerned, the pattern of oral activity is somewhat irrele-
vant since a basic cause-and-effect relationship between intraoral and perioral
muscular forces and arch form has not been established. This last position was
recently strongly attacked by Jacobs (1969), who observed that, when any
sum of dynamic movement forces, static isometric forces, and passive tonic
forces are not balanced by equal opposing forces, “even minor muscular forces
of such low values as 1.68 g .. . [are] . . . capable of moving teeth.”

Cleall (1965) suggested that describing various patterns of oral activity as
“normal” or “abnormal” has hindered development of an accurate concept of
the relationships between soft tissue behavior, skeletodental configuration, and
the adaptive capabilities of the stomognathic system. Attempting to be accurate
in describing swallowing phenomena along the total continuum seems to be
more critical at this time than attempting to dichotomize the behavior into the
two exclusive categories of normal or abnormal.

In spite of the inconsistencies and unanswered questions noted, most clinical
and experimental evidence continues to suggest that the tongue-thrust pattern
of oral activity is likely a meaningful cluster of behavioral signs. As such, it is
worthy of continued scrutiny to determine more precisely ils specific charac-
teristics and possible place in the hierarchy of oral physiology.

Etiology of Tongue Thrusting

Amnother point of considerable controversy with respect to the tongue-
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thrust pattern of oral activity has to do with etiology. Speculation about etiology
may be summarized under the six alphabetically arranged headings. The
references indicated in this section are not meant to indicate that the particular
person cited believes only in that particular explanation, nor that the ones cited
are the only proponents of that particular viewpoint. Rather, they are included
to document the fact that one writer has indicated in a formal publication the
etiological explanation described. A further observation is that the establish-
ment of all of these possible etiologic factors has been after the fact. So far as is
known, no one has attempted to manipulate them in a person who does not
have a tongue-thrusting pattern of movement, then study the outcome. That
is, no one has demonstrated the capability of both generating and modifying
the pattern by manipulating these factors which have been labeled as predis-
posing for tongue thrust,

Genetic

1. Inherited variations in orofacial morphology which precipitate a tongue-
thrust motion pattern (Ballard and Bond, 1960; Gwynne-Evans, 1956).

2. Inherited orbicularis oris hypertony resulting from specific anatomical
configuration and neuromuscular interplay and generating a tongue-thrust
pattern of motion ( Cauhépé, 1955).

3. Genetically predetermined pattern of mouth behavior (Ballard, 1959).

Learned Behavior { Habit)

1. Improper bottle feeding which results in “abnormal” functional patterns
of lingual movement in the form of tongue thrust (Straub, 1951).

2. Protracted period of tenderness or soreness of gum tissue and teeth that
keeps the teeth apart during swallowing and thereby changes the swal-
lowing pattern { Truesdell and Truesdell, 1937-1938).

3. Prolonged thumb sucking with the habitual movements generalized to
tongue activity ( Teuscher, 1940).

4, Tongue held in open spaces during mixed dentition and extension and
habituation of such postures into other mobile activities of the tongue
{ Rogers, 1927),

5. Prolonged tonsillar and other upper respiratory infections which cause
adaptive patterns in tongue movements, which are retained after the in-
fection subsides ( Moyers, 1958, pp. 118-119).

Maturation

1. Tonguc thrust present as part of normal childhood oral behavioral pattern
which is gradually modified as the lingual space and suspensory system
change (Fletcher, Casteel, and Bradley, 1961; Wildman, Fletcher, and
Cox, 1964).

2. Tonguc-thrust pattern as evidence of late maturation from infantile
suckle-swallow {Rix, 1953).
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3. Late maturation from or retention of immature patterns of general oral
behavior of which tongue thrust is a symptom (Tulley, 1956).

Mechanical Restriction

1. Constricted dental arches which cause the tongue to function in a higher-
than-usual position (Gwynne-Evans, 1956).

2. Macroglossia which limits space in the oral cavity and forces a forward
thrust to manipulate the bolus (Breitner, 1942}.

3. Enlargement of the tonsils and adenoids which reduces the space avail-
able for lingual movements ( Moyers, 1958, p. 227; Strang and Thompson,
1958, p. 208). .

Neurological Disturbances

1. Hyposensitive palate which precipitates crude patterns of food manipula-
tion and swallowing (Ray and Santos, 1954).

2. Disruption in the tactile sensory control and ceordination of swallowing
because of inadequate underlying skeletodental configuration (Cleall,
1965).

3. Gross neuromuscular deficiency which includes a tongue-thrusting move-
ment as part of a general extensor thrust pattern (Ingram, 1957; Palmer,
1948).

4. Moderate motor disability and loss of precision in oral function (Bloomer,
1963; Shelton, Haskins, and Bosma, 1959; Strang and Thompson, 1958,
pp. 74-76).

Psychogenic

1. Substitution of tongue thrust for forcibly discontinued finger sucking
{ Teuscher, 1940).
2. Exaggerated motor image of tongue (Froeschels and Jellinek, 1941).

A BIOGENETIC MODEL OF ORAL ACTIVITY

An attempt will now be made to organize the data and observations concern-
ing oral structure and function into a general model. Although the discussion
to this point has made relatively little mention of sensory feedback in the
process of physiologic development, Bobath (1967), Smith (1961), and Rood
(1954) have all stressed its importance in the integration of any emerging
motor system. The theory of neuromotor integration proposed by Smith is
especially cogent to the present considerations. This extension of cybernetic
theory states that sensory feedback organized in space and time dynamically
links and controls the receptor and motor systems of an organism. This control
is accomplished at three levels: control of postural movements in relation to
gravity, control of transport movements in relation to bilateral differences in
stimulation, and control of manipulative movements in space.
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According to this formulation, any disturbance in the neurogeometric or-
ganization of motion may be expected to result in new patterns of perceptual-
motor function. Thus, if the feedback loop operating to maintain a geometric
system is altered, some reorganization of the motor output may be expected.

The oral cavity of the human infant is vastly different from that of an adult.
The most striking characteristic of this difference lies in the comparative
massiveness of the tongue and in the orientation of its suspensory system.
Although the general dimensions of the human body change by a ratio of five
to one during maturation, Hopkin (1967) showed that the mean dimensions
of the adult tongue are only double those of the neonate. Thus, the human
infant has a relatively massive tongue housed in a comparatively small oral
cavity.

The suspensory system of the infant tongue also differs markedly from that
of a mature person. The orientation of the corpus of the tongue to its suspensory
system gradually expands during the prenatal period of development from an
anteroposterior source of motive power to a multidirectional force capability.
This trend toward expansion of the peripheral attachment continues well into
postnatal development ( Fletcher, in press).

The lingual system of the newborn infant is basically a dual reciprocating
structure with the mandible as the anterior hub and the hyoid-styloid complex
as the posterior hub. Thus the system is highly stabilized in space and struc-
turally capable of functioning in the gross activities of the infant suckle-
swallow.

When the nipple is placed in the infant’s mouth, he immediately generates
a complete peripheral seal around it by apposing the tongue and lower lip
against its inferior and lateral surface and by drawing the soft palate firmly
against the tongue root. The lateral seal is supported by the fat pad embedded
in the cheeks of the infant, and the posterior seal is facilitated by the leverage
obtained as the tensor veli palatini muscles pass around the hamular processes,
which are oriented much lower with respect to the tongue of the infant than
of the adult. This seal allows the infant to generate the suction through which
he can stabilize the nipple within the oral cavity. The tongue, lip, and mandible
are then raised in concert and simultaneously the tongue tip is thrust forward
against the base of the nipple. The compression which results from these move-
ments is further supported by a rippling motion along the tongue dorsum,
beginning slightly behind the tip. This total action expresses the milk from
the nipple and carries it to a swallow-preparatory position between the palate
and the tongue { Ardran, Kemp, and Lind, 1958; Bosma, 1963; Gwynne-Evans,
1951).

The primary neurogeometric mechanisms to handle the suckle-swallow are
differentiated .during fetal development (Pritchard, 1965}, although they are
not fully developed until after birth {Crump, Gore, and Horton, 1858), Gry-
boski (1969) observed that swallows of premature infants are preceded by
three or four suckling bursts and occur during pauses between the suckling
bursts; whereas swallows of the more mature infant are frequently present
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during suckling itself, which bursts contain as many as 30 consecutive suckle
movements without pause.

Postnatal ingestion of solid foods involves differentiation of postural and
transport motions which will allow more bulky foods to be handled. Consistent
with neurogeometric theory, the initial attempts by the infant to ingest solid
foods are in the form of suckle movements. These movements are characterized
by elevation of the mandible and forward thrust of the tongue in contact with
the lower Lp.

Nonliquid foods, however, provide a new set of sensory inputs which, ac-
cording to the theory, would be expected to set into play a motor reorganization
and a new set of outputs. The reactive feedback from the new bodily move-
ments would in turn tend to bring the new response system into stabilized
congruence. This new cybernetically generated and regulated reorganization
would be posited as the activation of a genetically preprogrammed sequence
which Yies dormant until the appropriate set of sensory experiences precipitates
its arousal.!

Cinefluorographic observation of infant ingestion of solid foods indicates
that postural stability is achieved by elevating the mandible and thrusting the
tongue firmly forward to elevate the bolus crudely to the dorsum of the tongue
and transport it into the swallow-preparatory position. In this action, mandibu-
lar posturing seems to continue to serve primarily as a supporting buttress to
aid in gross positioning of the tongue. Perioral contraction provides additional
stability in the anterior oral region. Bosma (1963} called attention to the
importance of the labial enclosure of the oral cavity as a developmental land-
mark in oral function,

As the oral cavity expands through growth, the intrinsic lingual musculature
matures and becomes capable of more refined movements, and the teeth erupt
to serve as a new potential source of $ensory input, new sets of reactive re-
sponses may be anticipated. In 1886, Wassilieff described two patterns of lingual
reflex which suggest that such reorganization does indeed occur. He found
that mucosal stimulation by touching or rubbing the surface of the infant
tongue elicited suckling movements in the infant. Repeatedly touching or rub-
bing the adult tongue caused it to curve into the shape of a spoon. This latter
posture is that seen as the bolus is collected in the mature preparatory swallow.

The addition of dental occlusion provides an important new source of sta-
bilization for swallowing. Sensory feedback from the teeth in occclusion during
swallowing could signal the presence of a new avenue to achieve a stable
postural balance of the oral cavity and thereby release the tongue for more
precise control of the bolus during deglutition. From myometric data, Proffit,

1An additiona} important point is that the development of a delicately coordinated pattern
of action presupposes the maturation of all tissues and processes involved, to the level at
which the action demands will be imposed upen them. As Meader and Muyskens (1962,
P- 53) point out, the tissues and processes do not mature simultaneously but, rather, they
mature in accordance with a certain “time-place framework.” Thus, the tongue may have
achieved certain gross developmental characteristics but still be incapable of many finer
movements because it lacks the internal structural refinement to perform them,
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Chastain, and Norton {1969) suggest just such a developmental pattern. They
noted two patterns of swallow which they felt were intermediate between the
traditionally described infantile and adult patterns. These patterns consisted
of a tongue thrust with the teeth apart and a tongue thrust with the teeth
together. They felt the adult pattern would emerge from the latter movements.

Within the foregoing framework, the tongue-thrust pattern of oral activity
could represent either a form of developmental arrest or a regression to a less
mature phase of physiologic function. Thus, if a particular child (such as one
with cerebral palsy) did not achieve the neurological competence demanded
to segment the lip-tongue-mandible complex in response to the changing cues
from an expanding oral cavity, he could remain in an extensor thrust-like,
immature swallow pattern.

Alternatively, if neurclogic maturation progressed adequately, but the geo-
metric configuration of the mouth or the tongue did not change sufficiently to
provide appropriately different sets of new sensory cues, the swallow pattern
would remain at some less-than-mature level. A similar arrest in development
could be conceived as the result of more transitory phenomena, such as
prolonged infection and missing dentition, which would disrupt sensory cues
during critical developmental periods. Timing and intensity of disruptive
forces would be critical considerations in this event.

Finally, certain types of trauma to the neurological system may be expected
to precipitate regression to previous patterns of oral activity, including the
tongue-thrust swallow, as the earlier sensory cues reestablish their prominence.
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SPEECH

RICHARD M. COLE

Lancaster Cleft Palate Clinic, Lancaster, Pennsyloania

Egil P. Harvold opened his oral presentation in this symposium by saying
that an audience always should ignore titles. I should open with the same
statement, and for several reasons. My topic is the growth and development
of a particular physiologic system called speech. As we all know quite well,
the anatomy and physiology of such a system are quite similar, if not identical,
to that of the system concerned with the functions of mastication and degluti-
tion. As I listened to the oral presentation of the excellent papers published
in this Report, it struck me that they covered mastication, deglutition, and
speech rather well from a number of standpoints ranging from neurophysiclogy
to remediation. I was somewhat troubled, also, by the fact that I found it
difficult to imagine how a didactic presentation concerned with the physiology
of speech could help to fulfill the charge of our Joint Committee, to promote a
closer working relationship between the professions of speech pathology/
audiology and dentistry in training, service, and research. This concern was
reinforced when I looked at the audience, 50% of whom were leaders in the
field of speech pathology, and 50% leaders in the field of dentistry. They came
from institutions with highly recognized programs in speech pathology and
audiology, thus posed the likelihood that they had a more than casual acquain-
tance with the physiology of speech,

All of this must seem to be a series of rationalizations which is leading to a
complete change of topic. This is not quite the case. Rather, I am going to
discuss briefly the anatomy, physiology, and some of the research concerned
with a series of anatomic or functional units often considered as making up
the speech mechanism. I will then move quickly into an area that is of great
interest to me and one that I think comes much closer to the concern of our
Joint Committee: that dealing with research issues of particular concern to
both our professions,

EARLY DEVELOPMENT

Later in this Report, Arend Bouhuys will discuss the “power supply” for the
speech mechanism. After touching briefly on the larynx, I will move upward,
discussing the pharynx, the palate, pharyngopalatal synchrony, the hyoid
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system, the tongue, the bony oral structures, and conclude with the facial and
labial muscles.

Before beginning this mechanistic march upward through the speech system,
I will discuss briefly the growth and development aspects of this system. Man
is said to represent the summit of the phylogenetic scale, although current
events give us reason to doubt the accuracy of the statement. Nonetheless,
as the scale progresses from invertebrate to man we see a series of changes—
the gradual recession of the snout and mandible; the shortening and broaden-
ing of the facial muscles, tongue, and muscles of the floor of the mouth; the
descent of the larynx; and the assumption of the upright posture, which has
freed the hands for feeding and thus freed the oral cavity, the mouth, the lips,
and the face for speech. Yet, when we look at the human fetus, there appears
to be a kind of exaggeration of this trend, in that the snout and mandible have
assumed a position of extreme retrusion. We are all aware of the downward
and forward growth of the lower two-thirds of the face during infancy; how-
ever, some excellent work at the University of Michigan (Burdi, 1969) now
tells us that this very orderly tendency may be seen in the second and third
trimesters of embryonic life, so that by adulthood we are left with a relatively
straight facial profile.

Moving from phylogeny to embryoclogy, it appears that the newborn infant
may already have had a relatively lengthy period of rehearsal of a number of
movements that we say are requisite to speech. Studies of prenatal reflexes
(Humphrey, 1969) tell us that the fetus of 8% weecks menstrual age exhibits
lowering of the mandible upon stimulation, and, at 12% weeks, exhibits elevation
and possible protrusion of the tongue as well as swallowing behavior upon
stimulation. In the past we have been inclined to say that movements of the
fetus and the newborn infant represent undifferentiated peuromotor acts, It
seems that a more appropriate description would state that these acts are poorly
differentiated. One cannot help but wonder whether these prenatal activities
have left any imprint upon the central nervous system, as crude as it is at this
stage of development. Is it possible that a kind of primitive learning is taking
place during this period? It may be, also, that we have underestimated the
sensorimotor abilities of this little creature. Some current research in England'
tells us that newborns taken from mothers with absolutely negative pre- and
paranatal histories may demonstrate visual and auditory tracking through 180°.
This, of course, defies every norm that we have ever had regarding infant
behavior, and raises the possibility that we should take a much closer look
not only at the first months, but at the first days of life.

As the infant matures, we see a dropping out of a number of primitive
reflexes that actually interfere with the early acquisition of speech. Some of
these reflexes may represent a kind of short-circuiting in the central nervous
system due to incomplete myelinization. It appears that we are witnessing,
gradually, a kind of cumulative quantitative dominance over the final common

1Richards, Martin, personal communication (1970).
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pathway, and that not until such dominance has taken place can we expect
reasonably well-differentiated speech sounds.

A number of events seem to correlate with the appearance of these speech
sounds, such as the assumption of the sitting posture and its accompanying
changes in respiratory physiology and activity, the emergence of teeth, and the
transition from soft foods to hard foods, which demands a greater specificity
of tongue function. Elsewhere in this Report, Moyers discusses the importance
of the emergence of teeth in eflecting changes in orofacial motor patterns and
the precision of speech sounds.

Certainly, the gradual maturation of neuromotor activity is quite obvious,
as is the gradual change in the process of “stimulus fusion.” Less clear, however,
is the developmental schedule of perceptual skills. Considerable controversy
continues as to whether the infant’s gradual mastery over articulatory move-
ments results in sharper limits in his self-monitoring, or whether the reverse
is the case ( Menyuk and Anderson, 1969). I am tempted to say that this repre-
sents a rather artificial approach to the issue. I am reminded that one of the
foremost speech scientists in our field once made the statement that tactile and
kinesthetic cues are relatively unimportant, giving as evidence the fact that
congenitally deaf children generally are unable to master articulate speech.
This, it seems to me, is a dangerous line of reasoning. I am reminded of the
strict localizationists who insist that every definable aspect of sensory or motor
behavior has as its basis a relatively specific locus within the central nervous
system. Over a century ago John Hughlings Jackson (Taylor, 1958) spoke of
the “positive and negative elements” in the symptomatology of disturbed be-
havior, whether speech or othcrwise. In these terms, Jackson was speaking
essentially of the dynamic and plastic nature of the nervous system—of the
richness of interaction among its elements. The failure of many initiates to
the field of speech pathology to look beyond the possibility of a motor etiology
for defects in articulation may stem primarily from the failure to recognize
the dynamic and interactive nature of the central nervous system.

ANATOMY AND PHYSIOLOCGY

I will move now to some consideration of the anatomy and physiclogy of
speech production. My intent here is not so much to cover a particular body
of information as to present some of the issues that have remained contro-
versial and some of the issues that have remained relatively undefined and are
in need of careful and controlled research. Most of the material to be presented
is concerned with the adult, since we still are loathe to subject the infant to
needle electrodes, radiation, and most of the transducers currently available for
the study of speech physiology. In some cases, however, we do feel reasonably
secure in extrapolating backward in time to infaney our research results derived
from adults. As I mentioned earlier, I will begin with the discussion of the
mechanism of phonation rather than respiration.

Air ascending through the trachea, under varying degrees of pressure, im-
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pinges upon the subglottic laryngeal structures, primarily the conus elasticus
and the inferior surfaces of the vocal folds themselves. If the folds are com-
pletely adducted, the subglottic pressure will increase, and, depending upon
the amount of this subglottic pressure and the degree of tension imposed by
the laryngeal adductors, produce an increase in the intensity of the voice or a
rise in pitch, We continue to list as adductors of the vocal folds, the muscles
of the folds themselves, the vocalis and the thyroarytenoid, the lateral crico-
arytenoid, the cricothyroid and, very likely, the transverse and oblique aryte-
noids. From the work of Isshiki (1969) and Hirano, Ohala, and Vennard (1969)
it appears reasonable to conclude that adductor tension increases as funda-
mental frequency increases. With increases in intensity level, however, crico-
thyroid muscle activity appears to decrease, particularly in the high frequencies,

Since Goerttler (1950) published his findings regarding oblique fibers in the
vocalis muscle and Husson (1953) advanced his “neurochronaxic” theory, con-
troversy has continued to rage between the proponents of the neurochronaxic
school and the advocates of what generally may be called a myoelastic-aero-
dynamic basis for vocal-fold vibration, Although research evidence for some
years has weighed heavily against the neurochronaxic theory, its advocates
continue to appear in the literature from time to time. As an aside, perhaps the
issue will be clarified somewhat by research concerned with Teflon injections
of partially or totally paralyzed or atrophied vocal folds. In many such in-
stances a breathy, hoarse pre-injection voice quality is rendered entirely normal
by the injection of Teflon into an essentially passive vocal fold. Perhaps those
concerned with mechanisms underlying voice production could profit from
studying the results of those concerned with voice rehabilitation. One interest-
ing facet of working with these Teflon-rehabilitated patients is that the sound
spectrographs taken from their postinjection voices are indistinguishable from
those taken from individuals with entirely normal laryngea! mechanisms. Yet,
the injected vocal fold is entirely passive.

As the pulsating airstream emerges from the vibrating vocal folds, it enters
what amounts to a muscular tube—the pharynx. This tube penerally is con-
sidered to have three closely associated component muscles: the inferior, me-
dial, and superior pharyngeal constrictors, all of which have a common origin
(the pharyngeal raphe). The anterior insertions are different for each muscle.
This muscular tube represents an ideal resonator, since not only can each
muscle contract individually, but it appears that portions of an individual
muscle can contract selectively. An increasing body of evidence from a number
of sources (such as electromyography, cinefluorography, pulsed ultrasound, and
capacitance) indicates that there is differential and selective contraction of the
various pharyngeal constrictors and that asymmetry of pharyngeal constriction
is the rule rather than the exception,

The neurophysiologic basis for pharyngeal function, as was the case with
laryngeal function, is the pharyngeal plexus, though it is likely that the acces-
sory nerve has more to do with laryngeal function. The pharyngeal plexus also
accounts primarily for velopharyngeal closure. The exception to this is the
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tensor palati muscle, which is innervated by the motor branch of the trigeminal
nerve,

The vibrated airstream, or raw sound, now has passed through a variable
resonator and, depending upon the nature of the sounds to be articulated, will
emerge from the oral or nasal cavities, which themselves are additional resona-
tors. The palatopharyngeal valving mechanism will determine the direction
of this pulsated, resonated airstream, and the size, shape, and tonicity of the
walls of these two cavities will determine the total resonance characteristics
of the voice. It is the activity of the velopharyngeal mechanism which deter-
mines whether the nasal cavity is to be coupled to the oral cavity during
speech production.

The mechanism of velopharyngeal closure is relatively straightforward (Fig-
ure 1}, We may consider two components, each contributed to by two muscles.

SPC. LP
Sp Sp
SPC 5PC —>FV
PP PP

Pe

Ficure 1. Schematic representation of the muscles controlling velopharyngeal closure.
Left, superior view of pharyngeal walls at the level of the palatal plane: Pp, palato-
pharyngeus; SPC, superior pharyngeal constrictor; Sp, salpingopharyngeus, Right, lateral
view of velopharyngeal area: Pp, palatopharyngeus; LP, levator palati; FV, force vector
resulting from synchronous activity of LP and Pp.

The first component is that concerned with the upward and backward move-
ment of the velum, The upward and backward movement is primarily the
function of levator palati, and the palatopharyngeus contributes a downward
and backward movement. The resultant vector of forces produces a slightly
upward, but essentially backward, movement of the velum to make contact
with the posterior pbaryngeal wall. The second component of velopharyngeal
closure is composed of the superior pharyngeal constrictor and the salpingo-
pharyngeus muscles. Both muscles, though acting nearly at right angles to each
other, tend to narrow the pharynx, usually making contact with the lateral
borders of the velum. Anterior movement of the posterior pharyngeal wall
during function is rather slight and often inconsistent. Usually the anterior
excursion is 2 to 3 mm at best.

At least two other muscles have not been mentioned with regard to palatal
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activity: the palatoglossus and the tensor palati. Neither clinical examination,
dissection, nor electromyographic research has made entirely clear the functions
of these two muscles. Certainly one role of the tensor palati is to accomplish
exactly what its name implies—to tense the palate; however, since the tensor
is located at the junction of the hard and soft palates, and since the tissue is
primarily aponeurotic, it is unlikely that it has any direct function in velo-
pharyngeal closure. Because of the origins and insertions of the palatoglossus,
we know that it could either depress the palate or elevate the tongue. Unfor-
tunately, none of the techniques mentioned has served to clarify the issue
entirely. The electromyographic work of Fritzell (1969) and the electromyo-
graphic-cinefluorographic work of Lubker (1968) have helped to clarify the
role of individual muscles in velopharyngeal closure. Considerable clinical
experience might lead one to believe that the Moll-Shriner hypothesis (1967)
concerning discrete levels of velar activity could be more appropriate to
pharyngeal function than velar function.

A number of phenomena associated with velopharymgeal closure are puzzling
to those concerned with this mechanism, for whatever reason. For example, the
linearity of the relationship betwen velopharyngeal orifice size and (1) nasal/
oral sound-pressure levels, (2) nasal airflow, and (3) articulation skills is con-
siderably less than perfect {Shelton et al, 1969; Warren, 1967; Brandt and
Morris, 1965). We know that a number of variables may influence perceived
hypernasality. From an organic standpoint, a number of structures may exert
varying degrees of influence upon perceived nasal resonance, such as the size
and shape of the nasal resonating chamber, the size of the inferior turbinates,
the thickness and contour of the nasal septum, the condition of the nasal mucous
membranes, and even the size and shape of the nares, to mention but a few.
All of these may act guite indepcndently of velopharyngeal orifice size in
determining hypernasality.

Another structure offering a totally uoknown contribution to oral/nasal
resonance balance is the maxillary sinus, or antrum. I have examined several
clinical patients who have had surgical removal of tissue because of carcinoma,
leaving the antrum widely exposed to the oral and nasal cavities. These patients
were excessively hypernasal; however, the degree of hypernasality was strik-
ingly reduced when the relative isolation of the antrum was restored pros-
thetically,

Before leaving this anatomic area, I will comment only briefly on the issue
of velopharyngeal inadequacy. The usual results of the condition are, as one
would expect, hypernasality, nasal air escape during speech, and some loss of
precision during the articulation of certain phonemes, particularly fricatives
and sibilants. Remediation usually takes one of three courses: (1) any of a
variety of surgical procedures, including pharyngeal implants, (2) prosthetics,
and (3) direct muscle stimulation. It is the last point which prompted me to
raise the issue of velopharyngeal inadequacy. Clinical experience has fold us
that direct muscle stimulation of palatal and pharyngeal musculature will elicit
some degree of increase in the activity of these muscles. Unfortunately, our
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documentation of this increase in activity is inadequate. One reason for this
is that we have had only crude means of assessing the mesial movement of the
lateral pharyngeal walls (Cole, 1971; Campos-Giral and Cole, 1963). Recently,
however, two vastly improved radiographic approaches to this problem have
given promise of a much greater degree of precision in evaluating this mesial
movement, which is so critical in surgical or prosthetic rehabilitation of velo-
pharyngeal inadequacy (Kelsey, Ewanowski, and Crummy, 1970; Skolnick,
1970).

I will meve on now to the hyoid system. I use the word system since there is
good reason to believe that this structure and its attendant muscles may assist
or even govern a number of functions. From Figure 2 one can see that two

H
Sih

Dpb
Ficure 2. Schematic rep-
resentation of the muscles
controlling hyoid movement;
medial aspect of hyoid bonée,
g right half: Gh, geniohyoid;
Gh I mrPC Mgh, mylohyoid; [g)ab, agteri-

Mh \ or belly of digastricus; Oh,
Tab \ omohyoid; Snh, sternohyeid;
\ Th, thyrohyoid; MPC, medi-
al pharyngeal constrictor;
Dpb, posterior belly of di-
gastricus; Slh, stylohyoid; H,
hyoglossus.
Oh

Sah Th

muscles may act to pull the hyoid upward and backward; four may act to
pull it upward and forward, or if the hyoid is stablized to pull the mandible
downward; and at least three muscles can lower the hyoid, and even move it
somewhat anteriorly. The hyoid system is believed to assist materially in
depressing the mandible. Certainly, the anatomy of the anterior suprahyoids
would lead one to theorize this possibility, Unfortunately, our evidence is
imperfect, since it relies primarily on electromyographic evidence. EMG results
derived from surface electrodes are difficult to interpret because of the influence
of adjacent muscles; results derived from needle electrodes are difficult to
interpret, since one never knows exactly what muscle is providing the signal.
The role of the hyoid system in assisting or regulating tongue movements is
virtually unknown. I will speak to this issue in the section concerned with
research questions,

As complex as are the movements of the tongue, its anatomy is relatively
straightforward. One may diagram a series of force vectors to represent the
myriad possibilities of movement of the tongue by its four extrinsic and its four
intrinsic muscles (Figure 3). From their anatomic course alone, it seems rea-
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Fiwcure 3. Schematic representation of the muscles controlling tongue movement. Left,
frontal section of anterior third of tongue: S, styloglossus; H, hyoglossus; G, genioglossus;
V, vertical fibers; T, transverse fibers. Right, lateral view of tongue: G, genioglossus;
H, hyoglossus; S, styloglossus.

sonable to assume that the styloglossus is the muscle primarily responsible for
elevating the tongue. Likewise, the genioglossus seems primarily responsible
for lowering the tongue in the mouth and for protruding the tongue. The
hyoglossus brings the tongue sharply downward and backward during degluti-
tion, and anchors the base of the tongue during the production of a number
of tongue-tip sounds. Quite frankly, I am not sure what the palatoglossus does.
Theoretically, it can elevate the tongue; if it does, I am inclined to helieve
that it does not elevate it very much. The intrinsic muscles may serve to
narrow, thin, curl the tip of, shorten, or lengthen the tongue.

As complex as the motions of the tongue may be during mastication and
deglutition, this complexity does not begin to approach that seen during rapid,
continuous speech. One can cnly marvel at the fantastic synchrony exhibited
by this structure during speech. For example, fibers of the genioglossus inserting
in the posterior portion of the tongue may bring the tongue forward in the
mouth so that the styloglossus can elevate the tip to make contact with the
alveolar margins. At the same time, genioglossal fibers inserting into the midline
of the tongue may serve to depress the midline in conjunction with the elevation
of the lateral margins of the tongue by the styloglossus, thus assisting in the
production of sibilant soands. The hyoglossus also is active during this period,
anchoring the posterior portion of the tongue so that the tongue tip can be
raised selectively.

The neural innervation of the tongue is as simple as the innervation of the
hyoid musculature is complex, With the exception of the palatoglossus, which
is supplied by the pharyngeal plexus, all muscles of the tongue are supplied
by the twelfth cranial nerve, the hypoglossal nerve. The controversy as to
whether there are sensory comporents to this nerve continues, and I will not
take time to discuss the issue. Likewise, controversy continues to rage over
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whether there are proprioceptive/kinesthetic endings in the tongue. Certainly,
there does appear to be evidence for some kind of mechanorceptors in the
tongue from which we derive position sense at times when the tongue is not in
contact with other oral structures. Certainly the ratio of nerve fiber to muscle
fiber lends reinforcement to the fact that the tongue is capable of an amazing
variety of movements and is capable of these movements early in life. The
data of Humphrey (1969) indicate that the tongue is capable of contracting
during the 11th week of fetal life, and that it demonstrates overt activity at
12} weeks of fetal life,

We know, too, that the tongue is rich in sensory inmervation. We have a
number of articles, texts, and colleagues who can attest to the tongue’s tactile
awareness, two-point discrimination, and stereognostic skills {Bosma, 1967).
These functions appear to be governed entirely by the sensory portion of the
trigeminal nerve. Taste, of course, is governed by the seventh cranial nerve,
anteriorly, and the ninth cranial nerve, posteriorly.

The sensory and motor capabilities of the tongue imply that it may serve
as a sensitive indicator of central or peripheral nervous system dysfunction.
What continues to amaze and distress me is that, for the most part, our friends
in neurology have failed to take advantage of this fact, looking only for signs
of atrophy or fasciculation, A diagnostic task no more complex than the demand
for rapid diadochokinetic activities of the tongue may yield obvious information
about central nervous system dysfunction, in the type and degree of synkinetic
activity, or “overflow,” observed. It is certainly not chance that one of the
greatest aggregates of reticular neurons in the central nervous system is in the
region of the hypoglossal nucleus.

The next functional unit to be discussed is the mandible. By now I am sure
that my breezy descriptions of rather complex structures and functions have
appalled my colleagues in speech pathology; now I will run the risk of appalling
my friends in dentistry. Mandibular function is far more than a series of up-
and-down movements. For example, the translatory movements of the condyle
in the articular fossa during mastication are incredibly complex. Fortaunately
for me, however, my topic is speech, and I can legitimately avoid this complex
subject.

The force vectors of the mandible may be sketched rather simply ( Figure 4).
You recall that the elevation of the mandible is achieved, in part, through the
synchronous activity of two muscles, the masseter and the medial pterygoid.
The two muscles form a “sling” at the angle of the ramus, to bring the mandible
upward and slightly forward, The third muscle of elevation is the temporalis,
running from the temporal fossa to the coronoid process. Depending upon
which fibers of this rather broad muscle are firing, the mandible may be moved
divectly upward, upward and slightly forward, or upward and slightly back-
ward. Mandibular depression has been discussed in relation to the hyoid
musculature. It is believed by some that a portion of the lateral pterygoid also
can assist in mandibular depression,

It is difficult to assess the importance of mandibular movement to speech.
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Certainly these movements are minimal during speech. The neurology of this
area would lead us to believe that a far more important function is that of
mastication. For example, it has been discovered that periodontal receptors
may travel to all three of the brain-stem trigeminal nuclei, and that these
impulses may travel directly to the parietal lobe, Yet, in spite of the richness
of periodontal innervation, the teeth seem unable to discriminate accurately
the direction of force applied to their surfaccs. If one taps on the teeth during
closure, electromyographic activity suddenly ceases. This does not occur when
the teeth are clenched. EMG opening and closing patterns resulting from
voluntary tapping of the teeth and from occlusal contacts during mastication
are quite different (Butler and Stallard, 1969). Does this mean that different
pathways are responsible for reflex and for voluntary activities? The complexity
of the trigeminal system becomes apparent when one realizes that the spinal
root of the trigeminal nerve also recetves information from the seventh, ninth,
and tenth cranial nerves, and that any point on the face is represented along
the entire length of the spinal root as well as in the main sensory nucleus of
the trigeminal. There is evidence, too, that the trigeminal nerve is the first
cranial nerve to become active during fetal life (Humphrey, 1069).

The last functional unit concerned with speech physiology to be discussed
is that involving the facial, buccal, and labia! musculature. Although there is
a variety of muscles, and an even greater variety of movements made possible
by these muscles, their functions largely can be represented by a simple sche-
matic diagram (Figure 5). Such a diagram says much of what can be said
about these muscles. The great variety of [acial and labial movements possible
is a result of varying combinations of these muscles and varying degrees of
tension they exert. Perhaps two or three muscles do warrant special mention.
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It is likely that the buccinator muscle plays a modest role in mastication and
in speech. As the “cheek” muscle, it acts to oppose the tongue in keeping food
on the occlusal table, and varving degrees of tonicity during speech may have
some slight influence upon resonance. To experience the latter, one need only
pull the cheeks outward while speaking. The orbicularis oris, perhaps the best
known muscle of the anterior face, actually is a composite of many muscles.
I know of few anatomists who would be willing to isolate a particular fiber
and say that it belonged to this muscle. Its primary purpose is to purse, or
pucker, the lips, rather than to close them, per se. Thus, the semisphincteric
posture the lips assume during the production of the oo sound primarily is a
function of orbicularis oris; whereas the tense and somewhat spread posture
of the lips during the ee sound primarily is a function of buccinator and its
smaller overlying muscle, the risorius. An excellent test of the seventh cranial
nerve, which innervates all of these muscles, is simply to ask the patient to
alternate between these two vowel sounds. There is some experimental evidence
indicating that the posture and tonicity of the labial musculature also can
influence oral resonance, During the production of vowels such as oo, one
may consider lip rounding as serving to lengthen the vocal tract, since it is
known that the larynx descends during the production of this vowel. Con-
versely, during the production of vowels such as ¢h, and ah, the larynx is in a
relatively higher position and the lips are flattened.

To conclude this section concerned with the anatomy and physiology of
speech production, I should mention the phenomenon referred to as coarticu-
lation. Simply stated, the concept concerns the types of anticipatory activity
seen in one or several structures during function. For cxample, in the word
construe, we see that the lips are being rounded for the oo vowel as the s
consonant is being formed. An excellent medium for demonstrating coarticula-
tion is a cinefluorographic film of the speech mechanism during the utterance

Ficure 5. Schemat-
ic representation of
muscles controlling la-
bial and buccal move-
ment: B, buccinator;
R, risorius; Tr, trian-
gularis; QLI, quadra-
tus labii inferioris; ILI,
incisivus labii inferior-
is; Me, mentalis; Z,
zygomaticus; C, canin-
us; ILS, incisivus labii
superioris; QLS, quad-
ratus labii superioris;
z, zygomatic head; io,
infraorhital head; a,
angular head; Orb,
orbicularis oris.
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of a complex sentence. These anticipatory activities may be seen in all of the
structures that I have discussed—the larynx, the pharynx, the soft palate, the
tongue, the hyoid bone, the mandible, and the facial and labial musculature.

RESEARCH ISSUES OF MUTUAL CONCERN
TO DENTISTRY AND SPEECH PATHOLOGY/AUDIOLOGY

Before beginning this section, I want to comment on a tendency that I sense
from time to time within my own profession, that of extrapolating from models,
from animal work, and from pathology. By way of illustration, I should like to
comment on a newly published work by Perkell (1969}, entitled Physiology
of Speech Production. At one point, Perkell postulates that the speech-produc-
tion mechanism can be thought of as being composed of two neuromuscular
systems, and that the articulation of vowel sounds is accomplished primarily
by the extrinsic tongue muscles and the production of consenant sounds is a
function of the intrinsic musculature of the tongue. The book is quite inter-
esting and it is well worth reading. It offers an elaborate means of analyzing,
it you will, the ballistics of speech activity. My concern is that there is little
experimental evidence to support some of the hypotheses stated. A greater
concern, however, is the tendency of some to treat hypotheses and theories
as fact. There is the tendency, also, to extrapolate from animal experimentation.
We are often so eager to have explanations for various behavioral phenomena
that, unknowingly, we perform the cxtrapolation and take that huge leap from
animal to man, and are left with the feeling that issues have been settled.
Another danger is that of extrapolating normal anatomy and function from
pathologic anatomy and function. This is done in my own profession, particu-
larly regarding aphasia and brain function.

Enough of digressions. If there is any one theme fo these remarks concerned
with research issues, it is that we must constantly strive for better definition
and quantification of the various oral-facial motor and sensory skills that we
feel are requisite to speech production, mastication, and deglutition. Perhaps
another theme would be homogeneity versus heterogeneity. Let me give you
two examples, both of particular concern to the dental profession. Tongue-
thrusters continue to be treated as though they were a homogeneous population,
Only recently has there been any concerted attempt to factor-analyze the vari-
ables often thought to be associated with this phenomenon (Hanson, Barnard,
and Case, 1969, 1970). Another example is that of articles appearing in the
orthodontic literature cspousing one treatment technique over ancther. The
treatment sample may have been a group of very severe Angle Class III
malocclusions, yet nowhere in the article can one find any definitive statements
regarding the population studied, how they came to be severe Class 111 mal-
occlusions, or the existence of other behavioral or neurophysiclogic phenomena
that should have been studied to better define the sample and to allow a more
accurate and realistic interpretation of the results.

Let me present briefly some examples of issues that appear to be in need of
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quantification, and issues that appear to remain vague with regard to the
matter of homogeneity versus heterogeneity. Those of us involved in the
treatment of patients with cleft palate often come across patients said to have
Pierre Robin Syndrome. One aspect of this syndrome is said to be micrognathia,
yet to my knowledge nobody has ever defined micrognathia in objective terms.
The diagnosis of micrognathia continues to result entirely from subjective
impressions. T am not a dentist, but I am more than a little impressed by the
radiologic techniques that dentists have developed and use. Is there really
any good reason why we cannot establish an arbitrary boundary, and say that
dimensions beyond that point represent normaley and dimensions below that
point represent micrognathia? It seems to me that normative data already are
at hand in this regard.

Can we do no better than to classify malocclusion or crossbite as Class I, I,
or II, or as mild, moderate, or severe? These are functional, pragmatic, and
descriptive terms, but surely there must be more objective ways of defining
the two conditions. For nat until we have such objective means at hand will
we be able to make meaningful statements about the effectiveness of our
treatment techniques or to make realistic statements about the merits of one
treatment as contrasted with another.

When 1 speak of the failure to define adequately the population under study,
or the general failure to quantify precisely the variables being studied, or the
results obtained, I am not speaking only of the dental profession; my own
profession is as guilty as any other, In fact, two of the issues to which I have
alluded (those concerned with a precise quantification of malocclusion and
crosshite} are considerably closer to being resolved as the result of recent
research by an orthodontist. Stockli's work at Northwestern University (1969,
1970) gives great promise in this regard. Speech pathologists have speculated
for years about possible relationships between atypical arch dimensions and
articulation problems. Research now is underway to quantify precisely a
number of maxillary arch dimensions, through a variety of means, in normal
individuals and in individuals with cleft lip and palate, and to relate these
dimensions to patterns of articulation,” By way of an aside, I suspect that most
clinicians who have had extensive experience in dealing with orofacial ab-
normalities would gress that most children could compensate or adapt to such
conditions, and I am inclined to agree. Ironically, adaptive mechanisms have
been considerably better defined on a cellular level than they have been on a
neurophysiological or hehavioral level.

Another example of the need for quantification is the assessment of soft
tissue configuration, symmetry, and growth of the anterior face. Such data, at
the very least, would provide plastic surgeons, orthodontists, and prosthodon-
tists considerably more objective guidelines in their approach to treatment,
regardless of the nature of the problem, Why not also apply some of the rela-
tively new techniques (Haring and McCormack, 1964; Damon, 1967} to quan-

2Work of this author with M. Mazaheri, in preparation.
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tifying the extent of the cleft lip? It troubles me to realize that we can provide
our computers with precise anthropometric-cephalometric data regarding the
craniofacial growth of our patients, yet when we come to correlate these data
with cleft type, we can do no better than talk about a lip cleft that is narrow,
moderate, or wide, and one-, two-, or threc-thirds in extent. Our ratio-scale
data is diluted to an ordinal level. We must do better than this, since, if we
are going to understand the nature and degree of heterogeneity of the cleft-
palate population, we must relate these kinds of data.

Let me mention now a number of issues that need not only quantification, but
definition as well, For example, experimental phoneticians continue to tell us
that the perceptual and spectral characteristics of vowel sounds largely arc
dependent upon such factors as the anteropostcrior and the vertical positioning
of the tongue in the oral cavity, as well as the degree of tonicity of the tongue.
Woe are inclined to accept such theories until we come face to face with indi-
viduals who have experienced total glossectomies and whose vowel sounds
are entirely normal by listerer judgment and sound spectrographic analyses.
The two individuals with whom I have had personal experience had not one
shred of tongue tissue; in one, the geniohyoid, the mylohyoid, and the anterior
belly of the digastricus had been removed. Even maore troublesome, from the
standpoint of our present inability to understand such phenomena, was the
fact that the speech of both individuals was entirely intelligible. Quite obvious-
ly there were articulatory defects, yet the nature and extent of these defects
was not at all what our present knowledge in experimental phonetics would
lead us to expect. Closely associated with the need to acquire a better under-
standing of the contribution of the tongue to spectral characteristics of the
voice, is the need to understand the exact role of the hyoid system, particularly
as it may serve as a kind of mobile platform for the tongue during speech
production.

Two issues of joint concern to dental specialists and speech pathologists are
the role of the palatine tonsils and the naturc and disturbances of swallowing,
Plastic surgeons, prosthodontists, and speech pathologists continue to be trou-
bled by the exact nature of the role of the palatine tonsils with respect to their
possible contributions to palatal activity, oral-nasal resonance balance, and
tongue function. This is particularly true in the case of individuals with cleft
lip and palate. There appears to be considerably more understanding of the
role of the pharyngeal tonsils {the adenoids) with respect to these functions.
We know, for example, that the hypertrophied adenoid can assist the palate in
achieving velopharyngeal closure, in some cases, by the mere fact of its bulk.
We know, too, that the hypertrophicd adlenoid may produce a hyponasal voice
quality. We are somewhat less certain about the possible relationship between
hypertrophied adenoid tissue and chronic otitis media. Yet, about the palatine
tonsils we display none of this certainty. I am inclined to agree with those
who postulate a role for hypertrophied palatine tonsils in causing or main-
taining tongue thrust, but there is virtually no evidence to indicate whether
we should expect hvpernasality or hyponasality in cases with massive hyper-
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trophy of the tonsils. Likewise, in patients demonstrating limited palatal activity
and hypertrophy of the tonsils, can we expect an increased excursion of the
palate after removal of tonsils? Many plastic surgeons avoid this procedure,
since they feel that scarring of the palatal pharyngeal pillars actually may
impede palatal activity.

I cannot resist one additional example of the need to define, or redefine, as
well as to quantify. Approximately 11 years ago, our attention was directed
forcibly to a clinical entity that has earned a number of descriptions, including
tongue thrust, reversed swallowing, visceral swallowing, and others. Quite
properly, reversed swallowing was defined as one or more deviations from
several factors cited as characteristic of the normal swallow, normal swallow
being defined by (1} molar contact, (2) the absence of facial activity, (3)
lip contact, (4) the tongue not in contact with the teeth during rest, and (5)
a frequency of swallow ranging from 2000 to 3000 times per day. Within the
last five years a number of studies have disproven every point of this so-called
definition of the “normal” swallow. For example, Cleall (1965) and others
conducted cinefluorographic studies of deglutition in individuals with and
without malocclusions and with and without tongue thrust, and found that
upwards of 40% of subjects without malocclusion and without tongue thrust
do not have molar contact during swallowing, and that a sizable percentage
of these adults did not demonstrate lip contact during swallowing. A number
of other studies have indicated that the tongue virtually always is in contact
with the anterior dentition during rest and during swallowing (Peat, 1968;
Fishman, 1969; Hedges, McLean, and Thompson, 1965). Still another study
(Lear and Moorrees, 1966) has indicated that the average daily frequency of
swallowing is closer to 600 than to 2000 or 3000. It should be clear that the
“normal swallow,” let alone what any of us might agree to call “tongue thrust,”
remains to be defined.

I could go on, since the list of issues that arc of joint concern to speech
pathology/audiology and dentistry is quite long. Some of these issucs are not
entirely obvious, such as the influence of extraction and the creation of full
dentures upon auditory acuity (King, Reid, and Belting, 1970). Others, such
as the assessment of lingual forces within the oral cavity and their possible
influence upon arch form, have been studied from several standpoints { Proffit,
Chastain, and Norton, 1969; Lear and Moorrees, 1969; Lowe, Kydd, and Smith,
1970). There remain, however, a number of issues of very direct relevance to
both professions that have received little or no research attention despite the
persistence of clinical problems in these areas. Certainly it would be appropriate
to ask about the forces or tongue habits that may be incompatible with the
health of the periodontal tissues, or about the forces or conditions which lead
to stabiiity or instability of full dentures. Perhaps the many questions that
we might ask center around the single broad question, “What are the anatomic,
‘physiologic, neurologic, and behavioral substrates requisite to dental hcalth
and, if you will, to speech and language health?” Conversely, we might ask
what are the true hazards to an effective speech and language mechanism and
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an effective dental mechanism. Of equal importance, perhaps, is the deter-
mination of those conditions which are hazards to the acquisition of certain
skills and those which are hazards to the retention of those skills.
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 RESPIRATION:
GROWTH AND DEVELOPMENT

AREND BOUHUYS

Yale University School of Medicine, New Haven, Connecticut

This presentation covers selected aspects of developmental anatomy of the
lungs, as well as some problems related to the development of breathing and
some specialized respiratory acts. I will not discuss respiratory mechanics in
detail, and I will completely avoid gas exchange. These two areas are impor-
tant for clinical purposes, but I do not sce that they are of special interest to
a person who is chiefly interested in child development.

DEVELOPMENT OF THE LUNGS

The lungs begin to form when the human fetus is 3 mm long. A groove
forms in the foregut; it ends in 2 small pouch. This is the primary Tung bud,
which consists of this pouch and a mass of mesenchymal tissue around it. The
foregut grows rapidly, and forms the esophagus and trachea, The primary lung
bud divides into a left and a right one, and these in turn divide further to
begin the formation of the bronchial tree. During the first four months, the
whole tissue mass grows very rapidly, and the cells derived from the entoderm
are tall. The tubes are never closed, and thus the tissue is never solid. This is
the glandular period. Next, after the fourth month, the bronchi divide further
and the amount of connective tissue becomes less; in addition, more blood
vessels enter the Tung. This is called the canaliculor period. The epithelium
becomes somewhat flatter, but there is not yet good contact between the lumen
of the tubes and the blood. From about six months onward, the alveolar period
begins, The epithelium flattens out, and blood vessels come closer to the epithe-
lium. There is still a fair amcunt of connective tissue between the lamina of
the cavities, at least in the beginning of the alveolar period.

There is a dispute among anatomists about the formation of lung alveoli.
Some say that all alveoli are formed after birth, Others say that their formation
depends mainly on age and maturity of the fetus, and consider birth almost
incidental. The main source of the quarrel seems to be a matter of semantics:
at what stage does one call superficial, thin-walled formations by the name
alveoli? An important point, however, is that the lungs are not collapsed before
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birth. It used to be thought that the first breath pulls the thin walls of the
alveoli apart, as one inflates a thoroughly crumpled toy balloon. However, it
has been shown recently that the lungs before birth have the same volume as
the lungs directly after the first few breaths. Actually, the lungs are filled with
fluid during gestation, and at birth this fluid is rapidly absorbed and replaced
by air.

In spite of the quarrel about the beginning of alveolar formation, there is
agreement that most of the alveoli are formed after birth, How does this come
about? The development of the network of elastic tissue seems to be very
important for the growth and development of the lungs, and therefore we
must start there, Almost all cells in the body can form collagen, fibers made of
long molecules, joined end-to-end. About 50% of the solid stuff in lungs is
collagen, and the amount does not change a great deal with age. What does
change is the quality of the collagen. As we grow older, the collagen molecules
develop cross-links, and this makes their network less and less mobile. This
decreased collagen mobility may be the main feature of senility. In the lungs,
the main function of the collagen network is probably to limit the extent to
which the lungs can be inflated. Part of the collagen fibers are converted to
elastic fibers, and this occurs mostly after birth, There are only a few, around
the terminal airways, at birth, but during postnatal growth this network be-
comes more extensive and dense. They help the lung to recoil during expiration,
and Emery believes that the development of the elastic fiber network gives im-
portant clues on the development of alveoli after birth. In his recent book,
Emery (1969) describes three different ways in which changes in the elastic
structure of the lungs may contribute to the development of new alveoli. The
most interesting one of the three is perhaps what Emery calls “fragmentation
of terminal respiratory passages.” After the first postnatal year, the number of
airways covered with epithelium decreases, and it is likely that the more
peripheral of them are converted into alveoli. The elastic fiber layer in their
walls breaks up, and the epithelium protrudes through the newly developed
holes in the elastic network. These protrusions become new alveoli; eventually,
nothing may remain of the original airway wall but the tips of the alveolar
septa.

I'JI‘his view of alveolar development, if correct, has important practical impli-
cations, There is evidence that the number of alveoli continues to increase at
least until early adulthood (Emery, 1969). If a part of these new alveoli is
formed from peripheral airways, early damage to some peripheral airways may
cause arrest of alveolar development in that part of the Iungs. Such damage
might follow not only from, for instance, bronchiolitis in infancy, but also
perhaps even from cigarette smoking in adolescence. There is evidence that
teen-agers who smoke have relatively poor performance in certain lung function
tests, compared with nonsmokers of similar age, sex, and stature. This differ-
ence may result from a direct toxic effect of some component of the smoke on
airways, but it may alse depend on a more indirect effect such as develop-
mental arrest.
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LUNG FUNCTION IN CHILDREN

The preceding discussion brings us from anatomical data to lung function
studies during life. Figure 1 shows some resulis obtained in our laboratory
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Ficure 1. Left, MEFV curves of four boys; standing height indicated on scale at left.
All curves have been lined up to fit the TGV scale at the bottom. TLC at right-hand
side, RV at left-hand side on each curve. Right, MEFV curves of A replotted with lung

volume in % TLC on abscissa and maximum flow rates in TLC/sec on ordinate. (From
Zapletal et al,, 1969.)

(Zapletal et al,, 1969). The test consists of a maximally rapid expiration starting
with the lungs fully inflated. The subject takes a maximum inspiration, and
this brings him to the point at the right-hand side of the graph. Next, he ex-
pires as fast and as completely as possible. The abscissa of each graph shows
how much he can blow out (volume), and the ordinate shows how fast he
can blow the air out (flow rate, volume per unit time). There is an absolute
volume scale underneath, and this fits all curves. The small boy has a maximum
lung inflation volume of about two liters, and the tallest young man one of
about seven liters. This value is called the total lung capacity (TLC). These
curves show very well how the lungs grow. Is there any regularity in this
process? There is indeed, and this can be seen when one normalizes these
curves for hung size. We do this by expressing the volume axis in percentage
of TLC. We must also normalize the flow rates, since obviously more air per
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unit time ean flow out of big lungs than out of small ones. Therefore, we use a
new unit for flow rate, that is, TLC/sec (peak flow is about 1.5 TLC/sec for
all subjects discussed here ). With both axes normalized, the four curves become
very closely similar. This fixed relationship of maximum flow rates to TLC is of
additional interest if we consider sex differences in growth. During adolescence,
both TLC and vital capacity {VC) of the lungs increase more with height in
boys than in girls (Zapletal et al., 1969). This may be related to the boys™ mus-
cular development, which helps them to increase the volume of their lungs at
maximum inspiration. Nearly everything we measure about lungs is some func-
tion of lung volume, and since TLC and VC differ, most functional data may
differ between boys and girls of similar height. This is also true for the flow
rates on maximum expiratory flow volume (MEFV) curves such as those of
Figure 1. Hlowever, by using units of TLC/sec we can take the difference in
lung volumes into account; the sex difference in flow rates then becomes non-
significant.

Thus, our lung volume data suggest that human lungs grow as if they behave
isotropically—that is, as if all linear dimensions increased in equal proportions
throughout the period of growth from about age five to adulthood. Although
the real process of growth may be much more complex than this statement
suggests, it is interesting that such a simple rule can describe at least some
aspects of lung growth.

CONTROL OF BREATHING

To breathe, one needs lungs, but breathing itself is a complicated motor act
in which the lungs function only as passive bellows. The frequency and range
of motion of the cyclical movements of the chest wall and the diaphragm
determine how much fresh air will reach the lung alvecli per unit of time,
This, in turn, determines to a large extent the amount of oxygen and carbon
dioxide that is exchanged between air and blood. Our breathing movements
must be adjusted to suit the requirements of our body for oxygen, and its need
to eliminate the waste product, carbon dioxide (CO,). If we do not refresh the
hung air at a sufficient rate, we accumulate CO; in the blood and we develop
an oxygen deficit. The former we can stand to some extent, the latter is quickly
lethal if severe enough. Strangely enough, we seem to do much of our adjust-
ment of ventilation to altered conditions of gas exchange by sampling arterial
blood for CO,, rather than for 0., and we adjust ventilation according to the
result of that sample. If the sampler, which is located centrally, close to co-
ordinating centers in the midbrain and medulla, detects too much CO,, it
signals to the centers to increase the number of motor signals to respiratory
muscles. Increased ventilation then results. If the sampler detects too little
COg, it may tell the centers to stop motor output altogether for a short while.
In addition, we have oxygen samplers, but they fulfill an emergency function
and come into play mostly when oxygen lack is pronounced, although there
are some indications that they are always somewhat active as long as we
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breathe room air. But we have to decrease oxygen content of inspired air
considerably before we begin to breathe deeper and faster.

The blood gases are not the only controlling quantities. The brain centers
also get signals from the lungs themselves, and these tell them about the in-
Hation status of the lungs. Many other factors also modify breathing: just think-
ing about it may change your breathing pattern. So will pinching your toe or
thinking about emotional subjects.

The brain centers send appropriate messages, via motoneurons, to respiratory
muscles. We do not use this motor system for breathing only, but also for
speaking, laughing, crying, singing, and shouting. We are able to integrate the
control of breathing per se with the control of several other motor acts, all
of them complex ones in their own right. It would be interesting to speculate
on the development of this precisely regulated and integrated motor control,
but to do this we must first discuss more elementary aspects of the develop-
ment of nervous functions.

FUNCTIONAL MATURATION OF NERVE FIBERS

In addition to somatic motor fibers to respiratory muscles, the breathing
apparatus contains autonomous nerve fibers that supply stimuli to the smooth
muscle in the walls of airways and blood vessels,

The tenth cranial nerve, the vagus, sends autonomic nerve fibers to many
different organs, including the airways. Vagus fibers have been described in
the Tungs of 10- and 16-cm human fetuses (Emery, 1969), but their terminals
on smooth muscle develop later. At birth there appears to be some terminal
network, but only in an 8-month-old child was there a complex network of
vagus fibers which ramified in the muscle coat of the airways. These data, from
a study by Spencer and Loef in 1964 (reported in Emery, 1969), strongly
suggest that at birth the development of the peripheral nerve fiber network
in the airways is very incomplete. Anatomical studies have shown that, in other
organs as well, terminal nerve fiber networks, the sites of neuromuscular im-
pulse transmission, are not fully developed in man at birth.

The details of functional maturation must be studied in experimental ani-
mals. In man, behavioral studies can teach us how the system as a whole de-
velops, but we would alse like to know which parts of the total system limit
development,

In our laboratory, we studied the response of airway smooth muscle and
of the heart to vagal and sympathetic stimulation, in immature as well as adult
rabbits {Schwieler, Douglas, and Bouhuys, 1970}, Figure 2 shows seme of
the results. In the adult animal (four weeks old) one can stimulate the vagal
nerve 130 times per second, and the smooth muscle contracts as long as one
maintains stimulation. In contrast, in the seven-day-old rabbit the response
begins to decrease at much lower rates of stimulation (30/sec). In this im-
mature animal, some element in the system, that is, nerve fiber-neuromuscular
junction-muscle fiber, is already getting “tired” at low rates of stimulation.
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Ficune 2. Intratracheal pressure changes in response to supramaximal vagal
stimulation in a 4-week-old and a 7-day-old rabbit. The contractions are well
maintained at stimulation frequencies up to 200 imp/sec in the older animal,
but decrease in the younger animal before the end of the stimualation period at
30 and 50 imp/sec, and is reduced in amplitude at 100 imp/sec. Upward deflec-
tion = pressure increase. ( From Schwieler et al., 1970.)

Other cxperiments suggest that the limiting factor here is the nerve fiber. The
immature nerve fiber is apparently unable to conduct impulses at high rates
for prolonged periods of time. There are several reasons for this. One reason
is that immature fibers are small, which means that they have a large surface
area per unit of volume. Once the membrane has been depolarized, the cellular
ion pump has to perform a lot of metabolic work to restore intracellular ion
composition to its prestimulus condition. In addition, the pump of immature
nerve fibers is not yet in good shape. There are few mitochondria in maturing
nerve fibers, and therefore they have an insufficient aerobic machinery. Fiber
size and metabolic incompetence are probably both important factors in the
functional immaturity of peripheral autonomic nerve fibers, The autonomic
fibers to the heart behave similarly, and it seems likely that a similar functional
immaturity exists in all peripheral autonomic nerve fibers,

Other studies suggest that somatic nerve fibers and central neurons are
similarly immature, For instance, Huttenlocher (1969} found inability to fire
at rapid rates in central neurons of immature cats. Thus, this may well be a
general property of immature nerve fibers. If this is so, it may be very difficult
to find out what element in the nervous system limits the development of motor
control. Depending on slight differences in the rate of development, central
neurons might be limiting in some cases and peripheral ones in others. The
firing rates associated with the input and output signals may be important.
Reflex events requiring slow rates of signaling could conceivably develop at
an earlier stage than those requiring high rates of firing.
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DEVELOPMENT OF THE CONTROL OF BREATHING

Apart from the properties of nerve fibers, immaturity of the peripheral organ
itself may influence the requirements for the control system. The dependence
of immature animals upon vagal efferents for their control of ventilation may
be an example.

Schwieler (1967) has shown that newborn, decerebrated rabbits with the
vagi cut do not increase inspiratory muscle force when the trachea is clamped.
Adult animals respond to this procedure with vigorous attempts to inspire,
even though their vagi are cut. Apparently, the newborn rabbit gets much
of its sensory information on breathing via vagal afferents from the lungs.
These afferent impulses come probably mostly from inflation and deflation
receptors in lung tissue. These tell the coordinating centers in the midbrain
and medulla what the state of lung inflation is. This kind of input appears to
be important for an immature animal. Its lungs are still in a relatively un-
stable state; they are prone to collapse, for instance when surfactant pro-
duction is insufficient (Avery, 1964). The control of breathing appears to
serve, first of all, the goal of keeping the lungs adequately inflated. Ap-
propriate messages reach the centers whenever the lungs are either insuf-
ficiently inflated or overinflated, and breathing movements are adjusted ac-
cordingly. This type of control, which seems eminently suitable for the im-
mature animal, in a teleological sense, is dependent on intact vagus nerves.

In decercbrated adult animals with the vagus nerves cut, appropriate res-
piratory responses occur when the trachea is clamped. Apparently, the relevant
messages reach the centers via afferent fibers other than those that run in the
vagus nerves. The source of these afferents is clear if one considers another
of Schwieler’s experiments (1967). He recorded the electromyogram (EMG)
of inspiratory intercostal muscles in newborn kittens and young cats, before
and after sectioning seven successive dorsal roots in the thoracic region of the
spinal cord. In the newborn animal, sectioning these roots did not alter the
EMG. In the more mature animal, the inspiratory intercostal EMG activity
decreased considerably. One concludes from this experiment that the older
animals may require afferent signals via fibers in the dorsal roots to keep their
motor output to respiratory muscles going., These dorsal root afferents come
from specialized muscle fibers, the muscle spindles. Their sensory elements
feed information on the contraction status of the muscle to the coordinating
centers in the spinal cord, and this infermation is used to modulate the motor
output. For instance, if one clamps the trachea in an animal, the spindle senses
a passively increased muscle tension due to the added load. As a response,
motor output is increased so that active muscle tension may cope with the
added load. The spindle system may thus act as a rapid feedback system,
involving only one synapse in its simplest form,

Again, it would seem to make perfect sense that the adult animal depends
to a large extent on afferent input from his respiratory muscles to keep his
ventilation going. In the adult animal, the lungs collapse only under unusual
conditions; this may decrease the importance of vagal afferent signals from
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the lungs under normal conditions. On the other hand, the older animal has a
much greater range of motor acts (walking, running, posture maintenance )
than the immature animal. Many of these other movements involve the respira-
tory muscles. It is therefore important that the control of the respiratory muscles
can be integrated with the control of other motor acts. For instance, if some
respiratory muscles change their tension when the animal adopts a different
posture, this altered tension can be signaled to the spinal cord and higher
coordinating centers by the spindles. These centers can then modify the motor
output to the same or to other respiratory muscles, so that the aims of ventila-
tory control remain fulfilled. The only respiratory muscle which subserves few
other needs than those of respiration, the diaphragm, also happens to be the
one with the fewest muscle spindles.

SINGING AND SPEECH

Very precise control of respiratory movements is required for these special-
ized, skilled acts. Figure 3 illustrates this with a simple example: singing a
constant tone, through the full vital capacity range.

Ficure 3. Sound level
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Initially, the singer must “brake” the expiration in order to keep expiratory
air flow at the very low rate required for this tone, and to prevent the sub-
glottic pressure from increasing above the required level. This “braking” is a
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function of inspiratory muscles. To let out air at a constant rate and under
a low head of pressure, the brake must be released very gradually. Figure 3
shows that the EMG activity of inspiratory muscles decreases as the tone is
produced. Approximately at midvolume (in this particular case) a point is
reached where the combined elastic recoil of lungs and chest just balances the
pressure head required for the tone. At this volume, the system is in equilibrium,
with al! respiratory muscles relaxed. To continue to sing the tone, one must
provide pressure with expiratory muscles, and increasingly so as lung volume
decreases further. This is again reflected in the EMG record of Figure 3:
expiratory rib cage muscles become increasingly active as the subject ap-
proaches the maximum lung volume level. There are simple mechanical ex-
planations for these muscular events; it simply has to be done this way! Further
discussions on the mechanics of this process may be found in previous papers
( Bouhuys, Proctor, and Mead, 1966; Bouhuys, 1968).

A more complex situation is illustrated in Figure 4, based on work done by
Klatt et al. (in Bouhuys, 1968). When we say, “Ha-ha-ha,” most air is expired
on the consonant, while the sound energy is concentrated in the vowel. Air
flow rate varies according to the condition of the glottis: wide open during
the consonant, and phonating during the vowel. Subglottic pressures (not
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recorded in Figure 4) must also vary with glottal configuration. Thus, motor
output to respiratory muscles has to be modulated according to the require-
ments of the glottis, and at the same time the laryngeal muscles must be
controlled very accurately. After each h, when the vocal folds are wide open,
the glottis closes rapidly so that they vibrate at exactly the same frequency
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as they did during the previous g. Actually, they already vibrate at that rate
before they are fully closed (Stevens, in Bouhuys, 1968).

These events occur in very brief spans of time. Some of them are so rapid
that time is insuflicient for control via reflex pathways. Several neurophysiolo-
gists now believe that acts like these are programmed rather than that they
evolve through a set of consecutive reflexes. In this concept, sensory inputs
from the muscles and other peripheral sensors may serve functions such as
error detection, and they may not control the output as long as events proceed
according to the learned program. The process of developing the programs for
these skilled motor acts takes place when one learns to speak or to sing, Else-
where I have discussed these aspects of respiratory control in some detail
( Bouhuys, 1969).

The mature animal can control his breathing apparatus adequately even
under adverse conditions such as heavy exercise or altitude. Man has abilities
far superior to those of animals. The integration of his control systems has
developed to such a state of sophistication that he is able to keep his arterial
blood gas tensions constant within reasonable limits, while using the same motor
system and bellows to discuss the events of the day with his friends, and at the
same time using a major portion of his grey cells to think about tomorrow!
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DEVELOPMENT ASPECTS OF
SPEECH AND LANGUAGE

HARRIS WINITZ

University of Missouri, Kansas City, Missouri

The year 1957 signaled the beginning of a new age in linguistic theory.
In that year, Noam Chomsky’s Syntactic Structures, a thin paperback of less
than 120 pages, which in the next decade was to have seismic impact on the
many human disciplines, was published. Things just will never be the same
agam.

Chomsky’s intellectual influence has been so great that, without it, the
discipline of language development would have continued as an uninteresting
chronicle of developmental events whose only common feature was that the
responses, events, or measures were described as vocal or verbal in kind.
Heralded by many (Time, 1968) as a Galileo or Freud in his impact on lin-
guistics, psychology, philosophy, and speech and hearing science, Chomsky’s
contribution has essentially been twofold: he derived a conceptual system,
a generative or transformational grammar, to describe linguistic structures
the many products of which have been to question current behavioral ap-
proaches to higher-order mental process; and he aroused and stimulated those
whose interests lie in resolving the fundamental question of the theory and
philosophy of human language.

The priority of the sentence was generally ignored prior to the Chomsky
revolution, However, because of his work, speech production models can no
Ionger ignore the syntactic component. Phonological rules clothe the syntactic
component into phonetic structure which is issued forth by complex motor
command units.

A good way to begin a description of the complexity of the syntactic com-
ponent is by looking at a simple rule which shares some features with rules of
English sentences. Assume youn are placed before a computer and a type-
writer, and the computer instructs you to type any number of As and any
number of Bs in any order you wish, but that when you type it in a certain
order, or a certain way, the computer will respond, Right.

So the subject plays the game and decides to type A,A,A A, or B,B,B,B, and
the computer indicates that in both instances the subject is wrong. The subject
tries again. He types three As and three Bs (AAA, BBB), and the computer
types Right. The subject tries again with three Bs and two As ( BBB, AA), and
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the computer types Wrong. The subject types two As and two Bs (AA, BB),
and the computer types Right. The subject tries it in the reverse order, two
Bs and two As (BB, AA), and the computer signals Wrong. Finally, the sub-
ject tries four As and four Bs (AAAA, BBBB), and the computer types Right.
Knowing he has the rule, the subject types Stop and the computer becomes
inactive,

We can symbolize the rule for these correct typings as § > A(S)B, meaning
S is rewritten as A(S)B, the parentheses indicating optionality, Note that (S)
is imbedded within the boundaries of A . . . B. Imbedding, as in the example
above, is a common sentential rule. For example, in “The car . ..” (relative §)
“ ., is old,” we can form the new sentence “The car which I bought from
Tom is old.”

Using the preceding example, we can see that imbedding a relative clause
more than once results in a nongrammatical sequence: “The car which Tom,
whom Mary loved, sold, is parked on the corner,” This sentence is not gram-
matical; that is, we would not recognize this as an English sentence,

Once again let’s look at the way in which the arrow, the rewrite rule (),
is used. Assume that you wanted to characterize all the objects in this room.
Let’s symbolize objects by O. Given the O, you want to enumerate the furni-
ture, the people, the appliances, and so forth.

You might enumerate as follows: O - FPA where F means furiture, P
means people, and A means appliances. P can be rewritten as male or female,
depending on the categories desired; F as chairs and tables; and appliances
as lights, fans, and so forth. The tree diagram for these categories would
look as follows:

o

I

F P A

A

CT MF L F

For sentence generation, assume we start with the abstract sentence, denoted
S, and that the basic constituents of the sentence are noun phrase and verb
phrase, or NP + VP.

The noun and verh phrases are like the categories of furniture, people, and
appliances. Using 2 set of rewrite rules, we can generate the sentence “The
psychologist conditions the subject” as follows:

§ —> NP+ VP
NP-T+N
VP>V + NP
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The resultant tree diagram is:

NP VP

/ \ / N\
T N Vv NP
/\

T N
The psychologist conditions the subject.

Linguistic rules, of which the foregoing is an example, give us the oppor-
tunity to describe, in a very explicit way, all of the sentences which we use,
We will never reach this goal, but we may come very close to it.

Using a set of complex rules, we may be able to match the speaker-hearer’s
knowledge of his language. For example, the phrase “the boy the hits monkey”
is regarded as nongrammatical. An explicit grammar will tell us that this
sentence cannot be used in English.

To illustrate this point further, consider a pair of sentences which has
gained notoriety of late:

John is easy to please.
John is eager to please.

On the surface, these sentences might be regarded as similar if we used our
high school techniques of parsing. But note you can have:

John is easy to please
and
John is eager to please.
You can have:
It is easy to please John,

but you cannot have:
It is eager to please John,

Why do we regard this last sentence as nongrammatical? Well, the under-
lying structures of these two sentences are supposedly different, and theyre
marked in different ways. A complete grammatical analysis of these two
sentences would indicate that having said:

John is easy to please,
we can also say:
It is easy to please John,
or
To please John is easy,
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or
What pleases John is easy.
Having uttered:
John is eager to please,

we would not construct the following sentences:

It is eager to please John.
To please John is eager.
What pleases John is eager.

On the surface, these utterance pairs arc identical in form, but at a very
deep and abstract level, they are different, for when “John is easy to please,”
“John” is the direct object of “please,” which is not shown in a superficial or
surface analysis. In the case of “John is eager to please,” “John” is the subject
of “please.”

The deep level will show this history of derivation; it will explain that
someone is pleasing John when “easy” is the adjective, and John is pleasing
someone when “eager” is the adjective. The underlying linguistic structure for

John is easy to please
will be represented at some point by

John is easy for someone to please,
while
John is eager to please

will have an underlying form that might look like
John is eager for John to please.

So we find that these two utterance pairs are complex, no doubt a reason
why children take time to acquire them.
Take a look at the next utterance pair:

Bill called up Mary.
Bill called upstairs.

On the surface they look very similar, but “Bill called up Mary” and “Biil
called upstairs” would be regarded by all of us as nongrammatical; we would
reject it.

Look at the next sequence:

pleasing table
rotting table
dining table

You can have a “very pleasing table,” but you cannot have a “very rotting
table” or “very dining table.” Although you might think of “pleasing, rotting,
and dining” as enjoying the same adjectival frame, the use of “very” tells us
that these words are not marked in the same way.
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On the surface they seem to be the same thing; theyre sharing the same
slots, they introduce “table,” and so on. But when we introduce “very” before
these words we find that this is not the case.

Note that we can utter:

a table which is pleasing
a table which is rotting
but not:
a table which is dining,

Somewhere along the way we've learned the rules for grammatical construc-
tions and we use them with great ease.
Take a look at the next pair:

Dale likes Kansas City as much as Betty

implies Dale likes Kansas City as much as Betty likes Kansas City, but not
Dale likes Kansas City as much as Betty likes Ann Arbor,

Perhaps it might mean that Dale likes Kansas City as much as he likes
Betty. In any event, a deletion has taken place. Originally, children learn that
the above sentence means:

Dale likes Kansas City as much as Betty likes Kansas City,

and they also learn a deletion principle allowing for occasional instances of
ambiguity.
Examine voice (passive or active) in

Jennifer likes Flora Sue.
Flora Sue is liked by Jennifer.

Note that if we use the word “resemble” the passive construction is rejected:

Jennifer resembles Flora Sue.
Flora Sue is resembled by Jennifer.

How complex it is just to make a passive sentence!

Linguistic devices which reveal the abstract and complex nature of sentences
are called transformations. A transformation is a rather complex linguistic
device, a set of rules, some of which have been introduced in the preceding
material. With regard to the development of transformations, “An analysis of
the discourse patterns between child and parent may be the richest data for
the discovery of grammar,” Roger Brown (1968) believes, The abstract manipu-
lations of deep structures may develop as a result of certain instructional
patterns imposed on the child,

Consider the transformational character of the Wh questions. A superficial
description of the underlying strings would involve the assignment of Wk to
the noun phrase to be questioned, and permutation of the Wh to the front of
the sentence, as I shall describe. A child will often utter sentences which seem
to match this underlying process, His speech will be regarded as defective,
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substandard, or immature. Presumably, these variations reflect the child’s
outward production of a rule which he is internalizing, or which he is learning
at this time. Possibly, hints as to how mastery of internal structures is obtained
can be gained by examining in detail the verbal exchanges between child and
parent, and relating these to linguistic abstracts.

Brown (1968) suggests that the occasion form of Wh questions may weigh
heavily in the development of the abstract structures of the normal form of
the Wh questions.

In English we usually use the normal question, such as:

What will John read?
and
Where will John read?
But occasionally we will say:
John will read what?

and
John will read where?

I would guess that we would use the second type of question if we didn’t under-

stand a reply because of cocktail noise or other interfering associations.
Linguistic theory suggests that normal questions are generated from occa-

sional questions, really the underlying forms common to both questions.
Note the next example for a sketch of this preposing process:

John will read what?
What John will read?
What will John read?

Roger Brown has observed that the occasional question is relatively frequent
in mother-child conversations, far more frequent than occurs in English in
general. It apparently clarifies children’s solicitations most efficiently.

Children’s requests, possibly expressed as “I want milk,” or “I want it,”
usually stimulate parental replies like “You want what?” This verbal inter-
change seems to tell a child that “what” can replace specific instances as well
as general instances of nouns; “what” for “milk™ and “what” for “it.”

Brown’s subjects said sentences that were similar in form to:

What I want milk.
and
What I want it.

Presumably, these response types indicate that children learn the preposing
processes of the Wh-questions.

This study by Roger Brown illustrates a valuable experimental routine, since
“discourse patterns which are rich in structural information may constitute
the basis of a learning process” ( Brown, 1968 ).

This valuable finding has been quickly incorporated into the routines of
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speech clinicians. A language development clinician realizes that at certain
points in the language training sessions, sentences like “You want what?” and
“You want where?” are preferred to sentences like “What do you want?” and
“Where do you want it?” More adequate understanding of the development
of transformations will allow precise presentations of stimuli in clinic lessons.

What did language development look like before the Chomsky revolution?
It was the organization of the development of language around certain struc-
tures. For example, we had norms which expressed sentence length, giving
results tke: at 1% years the child is saying a sentence which is approximately
1.2 words or longer; at two years, he says sentences of 1.8 words; and by eight
years, 7.6 words in length, We ignored, however, the primacy of syntactic
{also semantic) rules, as we chronicled the development of language.

I have emphasized here the cognitive side of speech and language develop-
ment and have left unmentioned the physiological determiners of speech de-
velopment, perhaps an unfair gesture in a conference on oral-facial develop-
ment. It was my way of saying that speech utterances reflect an abstract
psycholinguistic apparatus of which the peripheral print-out (articulation) is
only one part.
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PSYCHOLOGICAL DEVELOPMENT

DONALD G. KRUPER

School of Dental Medicine, University of Pitisburgh, Pittsburgh, Pennsylvania

Psychoiogical development is generally discussed from viewpoints of ages
and stages, but a different emphasis will be explored in this discussion. The
genetic contribution to a person’s development will be accepted as a fact, and
primary importance will be placed upon a person’s interaction with his world.
Thercfore, behavioral interactions of many kinds will be the subject of this
paper.

Since the reasons for the conference upon which this Report is based include
a special concern with the orofacial complex, I shall attempt to dwell on
environmental influences upon behavior which have special relevance to those
interests. Special concern with orofacial factors can have full meaning only
when cast in a framework that shows the person as just that—a whole, individual
person, As professionals with special interests in segments of people’s behavior
or segments of their bodies, we can easily allow this specialization to focus
too finely on those areas, at the expense of the larger unity--the person. This
paper will, no doubt, show some of the same tendency. I hope that it will show
an effort to surmount that tendency.

As suggested, the paper will deal with factors that influence psychological
development. It is important at the outset to make clear that the factors which
influence development or change in a person’s commerce with his world may
not always have positive consequences for that development.

To avoid giving more meaning to the term fecior than is intended, it may
be useful to think of a concept that can be expressed by the phrase consequence
of behavior. Parents, teachers, speech pathologists, dentists, or indeed all who
interact with another person help to determine what consequences will follow
particular behaviors of that person. In a sense then, some of the factors which
influence development or change are those things which we do as a result of
the behaviors of others. There is, in fact, a close interaction between our own
development and the development of others with whom we interact.

My purpose in this paper is to share with others who have some communality
of professional interests, some data, some ideas, and some feelings about change
in behavior and the consequences of behavior. These will include tests of
hypotheses, applications of behavior principles, research ideas, and the like.

Over the past half century the influence of Sigmund Freud has been im-
portant and pervasive, Some may thank him for demanding that we accept a
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simple dictum that behavior is caused. Others have condemned him for gen-
erating hypotheses that do not seem to be testable by experiment. History has
confirmed his stand on behavioral causation, and progress is being made in
experimental confirmation or rejection of some of his other hypotheses.

A big step, taken in 1950 by Dollard and Miller, was to translate some
Freudian concepts into the terms of learning theory. As one example, the
concept of transference has a considerable degree of credibility and is an
important phenomenon to anyone offering therapies to patients or clients.
Transferring feelings, that were once appropriately associated with a parent,
to some new authority figure seems to become even more credible when
analyzed as an example of a response to stimuli that are generalized from the
original conditioned stimuli. In any given situation there are a multitude of
potential stimulus elements. When a situation appears later, in which stimuli
of a highly similar nature occur, one would predict a similarity in the responses
that will also occur. Stated in this way, cne has an option for experimental
analysis of a phenomenon that may fit into a larger behavioral system. Experi-
mental analysis offers us a better chance to gain understanding and control
than the acceptance of a phenomenon as an entity and explanation in itself.

Perhaps one of the most recent, interesting tests of a Freudian assumption
comes from the field of dentistry. Psychoanalytic theory argues that persistent
thumb sucking is a sign of deeper emotional troubles, that the sucking reduces
anxiety associated with those deep troubles, and that it will be replaced by
some other symptorn if it is altered without removing the deeper problem also
(Davidson et al, 1967). However, consistent experimental support for that
position has not been presented. On the other hand, behavior theorists see
persistent thumb or finger sucking as a habit that has not yet been extinguished.
Reinforcement maintains the habit. One way to change the behavior is to allow
the response to occur but to remove the reinforcement. Although application
of the behavioral principle of extinction should decrease the sucking, what
about symptom substitution? Based on behavior theory there should be none,
since, in a sense, the symptom is the disease.

Considering these positions, the experimenters ask two questions. First,
would application of extinction lead to dropping the habit? Secondly, would
more symptoms be found in patients who had treatment, as compared to
patients without treatment or children who were not thumb or finger suckers?
The experimental approach was to use a palatal crib which greatly changed
the usual stimulation, and thus presumably removed reinforcement. They
established, with the use of various relatively standard psychological tests for
children, that thumb suckers did not show anxiety levels higher than those
expected from children who were not thumb suckers. Such a finding imme-
diately questions the presence of deep problems in thumb suckers,

Then they stadied 65 thumb-sucking children from 4 to 12 years in age.
In 22, the palatal erib was used and in 43 no eribs were used. Twelve months
later, 5 of the 22 with the crib had mannerisms {symptoms) other than suck-
ing, whereas 12 of the 43 without the crib showed similar mannerisms. Thus
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they reported no significant differences between the groups in symptom sub-
stitution, Apparently, new symptoms do not necessarily follow treatment.
Incidentally, behavioral extinction from the use of the palatal crib had removed
the thumb-sucking habit from all 22 treated subjects. When checked as long
as three years later only two of these had relapsed.

Haryett, Hansen, and Davidson (1970} recently reported another study.
They found that 6 to 10 months of treatment with a palatal crib, either with
or without spurs, was effective for arresting sucking in a majority of cases,
Omnce more, there was no sign of symptom substitution. In this study they
pointed out some disadvantages of the method: a temporary upset, with sleep-
lessness, some difficulty with speech, and some difficulty with eating. None
of these problems was long lasting.

Habits involving the tongue, lips, and cheeks are other behaviors that, with
the proper ingenuity, should be amenable to alteration by the application of
behavioral principles, Fischer (1969) pointed out that anything which will
help bring the habit to a conscious level may be effective in changing the
habit. However, he failed to deal with the question of continued influences,
of how to get a transfer of the new learning, and how to maintain the new
level. Hanson (1967) emphasized the latter factor when he stressed the value
of charts, signs, and signals for carry-over.

If one concentrates on an effective use of a chart, for instance, several prin-
ciples that underlie the effects of reinforcers on behavior can be applied to
help transfer and maintain behavior changes. Charts are used in our orthodontic
department, as is probably common elsewhere, to record the hours patients
wear orthodontic appliances. The patient is instructed to wear the appliance
for a certain amount of time each day. To make this instruction easier to
remember and to carry out, the patient is provided with a chart on which he
is to plot the actual times of wearing. When the patient rcturns for his dental
visits he is rewarded by attention and commendation for the wearing and for
the charting,

Behaviorally, there are several distinct advantages that should accrue from
this procedure. Each point that the patient plots should reinforce his wearing
behavior by some small amount. The charted increments can provide immediate
positive reinforcement for compliance. When the dentist shows interest, satis-
faction, or pleasure, verbally and nonverbally, while viewing the progress
chart which the patient brings with him, he is providing additional positive
reinforcement for the procedures of chart keeping and appliance wearing.
Another source of reinforcement is the long-term improvement of the original
dental problems, as viewed by both the patient and the dentist. The probable
final reinforcements are derived from more positive social interactions, favor-
able comments, feelings of relief, a shorter length of treatment time, and so on,
as the problem is decreased.

There are potential weaknesses if full cooperation is not achieved and if the
dentist isn't alert to additional feedback about compliance, Parents may be
of help here. It should be clear, however, that in each case there are certain
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events that follow certain behavior. To be able to use these events or conse-
quences, we need to be aware of them and of their potentially reinforcing
effects.

The basic procedure just described is currently being applied in therapy for
correction of tongue thrusting in one young patient that I know very well.
At the specch clinic he learned new swallowing patterns, but apparently was
not provided with a plan for the necessary continuation of those behavior
patterns. The charting procedure with appropriate attention, praise, and so on,
was later applied. The prescribed treatment is now guaranteed a better chance
of fulfilling its promise.

Although other examples of similar applications of behavioral principles
will be given later in the paper, there are two more that seem appropriate to
mention now. Both are based upon a fundamental fact that consequences
which directly follow behavior will effect similar behavior,

In a summer camp, children were allowed to go swimming only when they
had brushed their teeth after lunch, but that requirement was never stated
verbally (Lattal, 1969). As long as the consequences (swimming) depended
on tooth brushing, brushing occurred, Before establishing that contingency
they had virtually never brushed after lunch. When the contingency was re-
moved they returned to the no-brushing level. The actual relationship of brush-
ing to swimming was never described to the children, but the effect was clear.

That example sounds like common sense and is certainly not very dramatic.
Application of a similar principle of reinforcement in another situation, how-
ever, is dramatic and sounds much less like good, common sense. Wright,
Nunnery, Eichel, and Scott (1968) tackled a relatively uncommon, but serious,
problem called tracheostomy addiction.

Their report dealt with two, eight-month-old infants, one with laryngeal
malformation (cannulated at the age of one week) and the other with respira-
tory arrest associated with encephalitis (cannulated at age seven weeks), The
problem was that after initial treatment when the patients should have been
physiologically ready to go back to regular breathing, they did not do so.

The authors believed that learning was the chief factor in the infants” con-
tinued dependence upon the tracheostomy, If this was so, they reasoned, rein-
forcement principles should be a means to return the infants to normal breath-
ing behaviors. First, reinforcers were identified for each child: for one, his
walker, rough-housing with the father, “tender, loving care,” and so on; and for
the other, “tender, loving care” and contact with toys.

The basic procedure was to previde a minimum of the reinforcers during
the time that the cannula was open, but to maximize the reinforcers for the
initially very brief time during which the cannula was occluded. Next, the time
for oeclusion and stimulation was slowly lengthened. At first the occlusion times
were for three minutes or less, then were slowly stretched to 30 minutes,
one hour, five hours, and so on, until the cannula was removed. In brief, it
worked, and was considered a great improvement over the long-term use of
cannulas reported by others. One case cited was for 12 years.
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Before going on to some research and application of these principles to
speech and aundiology, I would like to identify two especially interesting and
effective aids to teaching the fundamentals of a reinforcement theory. Fred .
Keller has written a delightful and informative paperback (Keller, 1969) and
Ellen P. Reese (1966)' has produced a fine set of four movies on the same
subject. These sources can be of considerable help to us in our functions as
clinicians, teachers, or advisers, Let us not forget that psychological develop-
ment never ends, and whether we are involved with treatment or teaching we
will be interacting with others at important times.

One of the most interesting aspects of preparing this paper has been a
realization of the degree to which behavioral principles have already been
adopted as useful to some of the problems in the disciplines of speech and
audiology. A large part of the work appears to concentrate on aspects of stut-
tering and ranges from an expcrimental analysis of that behavior to the pro-
duction of a portable tactile-stimulation apparatus, to be used for pacing vocal
production of words (Azrin, Jones, and Flye, 1968; Flanagan, Goldiamond,
and Azrin, 1958, 1959; Goldiamond, 1962, 1965; Martin and Siegel, 1966a,
1966b; Quist and Martin, 1967; Shames and Sherrick, 1963).

At least two recent papers have directly focused on the use of an experi-
mental analysis of behavior and the use of behavioral principles in the area of
clinical speech problems ( Brockshire, 1967; Holland, 1967). These two papers
are among those that should be required reading for anyone motivated to
apply behavioral principles to speech or audiology problems.

Of course, these principles may be applied to research problems as well as
to clinical problems. Stebbins (1966) and Stebbins and Miller (1964), for
example, have used behavioral reinforcement techniques to study auditory
functions in monkeys. The particular challenge in work of this kind with ani-
mals is to communicate to them what they must do, For instance, it takes some
special skills to tell a monkey, “Hold down that lever until you are signaled
to release it, and then release it as fast as possible.” This may not be a speech
problem, but it is certainly a language problem!

While there is no particular reason to go into the details of the research
here, the Stebbins and Miller project shows ancther example of the range of
problems that can be examined if one chooses to develop skills in this area of
behavioral research. With such skills, or in association with someone in that
research area, it may be possible to find solutions to one’s own research
problems.

As another example, one may be able to capitalize on the use of informa-
tional feedback, as Yules and Chase (1969} did when they used visual feedback
about throat-muscle movements, The feedback was generated indirectly by
acoustical energy detected at the nose and lips. The set-up was used as a
training device to reduce nasal air !eakage and to eliminate hypernasality.
Other possibilities exist for similar application.

!Reese, Ellen P., “Behavior Theory in Practice,” films, New York: Appleton-Century-Crofts
(1966). .
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Couldn’t one build devices that respend when the lips take a particular con-
figuration, when the pressures of the tongue move to a particular position,
when a desired increase in vocal intensity is achieved, or when an increased
pressure of tooth contact is sensed? Couldn’t these sensors feed back informa-
tion to let the subject know when the performance is appropriate, and couldn’t
specific reinforcement contingencies be tied to the desired kind of behavioral
output? The answer to all of these questions is almost certainly yes. Only the
right kind of motivation and the right kind of ingenuity are required.

With the kind of mechanical intervention that is being suggested here, how
can the researcher possibly be concerned with the patient as anything but an
extension of all of these proposed gadgets? This would be a reasonable question
if it were true that our concern is limited to testing the devices.

However, because of the discrete control of the timing of reinforcements,
the accurate record of ongoing performance, and the quick feedback derived
from the use of devices, one expects that skilled performance will be more
effectively learned with, than without, such devices. More effective solutions
to the presenting problems almost certainly will mean more effective psycho-
logical growth for the individual invelved. It is not necessarily true than an
automated approach will make person-to-person interaction less important.
In fact, there are reasons to believe that it may improve the clinician-to-patient
relationship.

The question of concern with the complete individual patient happens to be
one of the high-priority items in dental education today. Around the country
we find an increasing number of departments of community or social dentistry
or departments of behavioral sciences in dental scheols. Ten years ago, Black-
erby (1960) asked, “Why not a Department of Social Dentistry?” While I
cannot say that he was the first to ask that question, nor can I say that no one
had already moved in that direction, I can, with safety, say that his question
was a rallying point for discussion and action.

Over the past seven to 10 years there has been a steady growth of interrela-
tionships between people in dentistry and those in psychology, sociology,
education, public health, and quite obviously also with people in speech and
audiology. Apparently, only a few dental schocls have active teaching pro-
grams in the behavioral sciences, but more are developing programs each year.
Much of this development seems to be in answer to a call to dentistry for even
greater personal and social concern. Leaders in dental education and govern-
ment and even the public secm to be making this call.

There are many reasons for this concern, I will not attempt to document this
subject but will cite only one example as a source of this sentiment.

A psychologist, D. M. More (1962), cxtensively studied a large number of
dental students in 1938 and 1962. He pointed out that students ravely saw
handling of patients to be a serious problem for them. Furthermore, his obser-
vations led him to state, “They exhibit an air of omniscience in handling diffi-
cult emotional reactions that is positively amazing to anyone with training in
the field of psychology and psychiatry” (p. 132). No doubt some of the interest

118 ASHA Reporis No. 6 1971



in bringing the behavioral sciences to dental students represents a reaction to
this kind of evaluation.

Wechstein (1968) has clearly pointed out an attempt to lead dental students
toward a person orientation rather than toward a task orientation. He suggests
that the dentist ask himself a series of questions about each patient. These
would be of value to anyone in a helping profession that offers individual
treatment:

Is the patient frightened?

Will there be pain or some unacceptable change?

Has the patient had encugh time to adjust to the idea of change?
Is the patient angry; at adults, parents, authority?

Are his expectations of therapy realistic?

Does he see me as some kind of god?

IR o

While this series of questions is related to knowledge of the patient, we
cannot really stop there. Self knowledge may be as important as, and perhaps
even more important than, knowledge about others. What makes me angry?
What kind of statements or behaviors make me anxious? Are there things that
I really fear? What can I do about some of these feelings? This list could be
expanded, but the important factor is to be aware that these kinds of questions
need to be asked.

Fright, fear, and anxiety are words that have a tradition in dentistry.
Despite effective anesthetic procedures, new equipment, and sincere educa-
tional efforts by many dentists, these feelings and expectations seem to linger.
Whether it is a so-called cultural lag or whether there are better explanations,
fear of dental treatment persists at a seemingly high level. It will not be pos-
sible here to specify in any comprehensive way the large number of variables
that may affect any individual as he develops the fears and anxieties that tend
to beset him. However, I would like to weave in the results of a few research
studies that, although focusing on the whole person, have special relevance
to the orofacial region.

The now classic study of Janis and Feshbach (1953) seemed to show that a
high level of fear, generated by a vivid depiction of decayed teeth and dis-
eased gums, did not result in a pronounced change in attitudes toward better
dental care. A minimum fear appeal seemed to produce the most change on
attitude scale measurements. I do not cite this particular study to push for
or against fear appeal to change attitudes, but to contrast its method of pro-
cedure with a different emphasis upon observable behavior. If we assume that
an attitude is a propensity to action of a certain kind, why not look more
directly at the actions? ‘

A recent study in persuasive communications moves one step closer to
measuring the actual change desired (Evans et al., 1968). In this study, the
experimenters probably were not concerned with measurable changes in
attitude. They wanted to see whether subjects” teeth were cleaner after the
subjects heard statements about the positive consequences of brushing or the
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negative consequences of not brushing, They found that either appeal was
better than a control discussion of science and dentistry in general. The most
important aspect of this procedure was the use of an objective measurement of
differences in the amount of stained plaque as seen on photographs taken be-
fore and after the communications. The inference, of course, is that the actual
target behavior, brushing (or better, cleaning the teeth) is what was being in-
fluenced and that that behavior was of more importance than a stated attitude
about cleaning teeth.

In two more studies, we can see some potential weaknesses of attending to
attitude rather than behavior itself. Evans (1967) cites the Friedson and
Feldman report that, although 88% of a large national sample of people be-
lieved it was prudent to see a dentist at least once a year, 51% said that they
had not seen a dentist within the past year. Evans also cites a report by
Kegeles which concluded that the best single predictor of a patient’s attention
to dental care was his past behavior rather than his attitude toward care.

Lest it appear that this paper is moving completely away from a concern
with psychological development, let me hasten to emphasize that observable
behavior is an important aspect of development, although certainly not the
totality of it. If we are to evaluate baseline levels of development before certain
therapies, changes in development as the result of therapies, and levels of
maintained change, observable behavior ranks high on any scale of importance.
True, much goes on inside a person which is never ohservable, so we must not
make a fetish out of observable behavior. On the other hand, one does want
to stay with methods that succeed, and this kind of approach is enjoying con-
siderable success in psychology today.

Earlier, this discussion dealt with fear in dentistry. I am simply not knowl-
edgeable enough about speech and audiology to appreciate how important
fear may be as a problem in those areas. Based on a minimal interaction with
some of the people in our Cleft Palate Research Center at Pittshurgh, I have
inferred that anxieties or fears are highly variable among patients and their
families, and may represent problems.

While there are many ways once might choose to deal with fears, depending
on their degree of incapacitating or bothersome effect, I would like to describe
one procedure now used by psychologists at the University of Buffalo. Gale
and Ayer (1969) reported a treatment for dental fears called reciprocal inhi-
bition.

As a first step, the clinician teaches the patient how to achieve a level of
deep relaxation. Next, the clinician and patient together construct a list of
anxiety-arousing stimuli or stimulus situations. The list is then ordered from
least to highest in anxiety arcusal level. The stimuli might be, for example, the
building housing the dental office, the sign on the office door, the waiting
room, or the dental chair,

The next step is to have the patient relax and then visualize the least anxiety-
producing stimulus. When relaxation can be maintained with the image of
that stimulus, the next higher one is visualized, and so on. The visualizations

120 ASHA Reports No. 6 1971



have been found to be a surprisingly good substitute for the actual stimuli,
and may be all that is needed to enable the patient to face the actual anxiety-
producing stimuli without fear.

Because of our particular professional training, there are probably few of
us who will practice reciprocal inhibition, or systematic desensitization, as it
is also known; but further information about the procedure can be found in
books by Joseph Waolpe (1938, 1969).

In a sense, the desensitization procedure boils down to removing some of
the excess emotional baggage that the individual has acquired in response to
the influences of his environment. Since such a large part of what we acquire
has noxious components, I would like to pursue some additional research in
the area of stress and anxiety. Once again, the setting will be the dental
operatory,

A major difficulty for psychological stress research in a dental setting has
been to get a reproducible set of independent variables. One cannot do the
same kind of cavity preparation on each subject, whether he needs it or not,
so Corah and Pantera (1968) chose to devise a videotaped simulation of a spe-
cific dental operation, First, a television camera was positioned at the point in
a dental chair where a patient’s eyes would normally be. Then the dentist pro-
ceeded as authentically as possible to inject anesthetic, to drill, to use a hand
instrument, and to place and to carve a Class I amalgam restoration, The cam-
era recorded these procedures as a patient would view them,

To add additional realism, appropriate sounds, as they would be heard by
a patient, were dubbed in. These sounds were recorded by placing a miniature
microphone in the ear of a patient who did, in fact, receive such a restoration.
Thus, the final tape contained the sights and the sounds, very nearly as they
would be perceived by a patient.

Then subjects who were measurably different on other dimensions could be
studied for differential response to the standard stimulus conditions. For
instance, Corah (1969a, b) also developed a four-item anxiety scale {(DAS)
that he later used with the video simulation procedure. He found that subjects
who previously scored high on the DAS reported more discomfort while view-
ing the videotape than subjects who had scored low in the test. He also indi-
cated that all subjects reported more discomfort when exposed to the simula-
tion than when exposed to a control tape on how to build a boat.

Corah’s work is exciting because it not only offers an important improve-
ment in experimental control of stimuli, but also because it has a reasonable
degree of face validity for a dental setting.

There is another procedure in which videotapes might be a useful evaluation
tool. Two of our first-year dental students at the University of Pittshurgh have
designed and built a small device that contains two lights and two switches.
The switches are put under the control of a child patient. One switch, which
is easily depressed, turns on a small, green jewel light; the other switch, with
greater resistance to closure, turns on a larger, red light. The patient is in-
structed to press the green light switch only when he feels discomfort but is
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not too bothered by it. To the dentist the yreen light means caution, but it
also means to continue the dental treatment. The patient is instructed that,
should the discomfort become too great, he should press the red light switch.
The red light will lead to the dentist’s stopping. In brief, the device provides
a communication system. Importantly, it also has some additional good quali-
ties. It gives the patient a degree of control which probably has more imme-
diacy and clarity than the usual procedures. It may also provide a distraction
that might help the patient to remain occupied with some specific behaviors
that are compatible with treatment, instead of, let’s say, pulling at the dentist’s
hands or pushing him away. The latter behaviors are obviously incompatible
with continued effective treatment, At this point the efficacy of this communi-
cation system has been demonstrated only in part. Research necessary to
establish the value of the system will probably include videotape recordings.
Our department is certainly interested in stimulating this kind of activity in
dental students.

I am delighted about the research just described—not because this is earth-
shaking rescarch, but because this is an indication of motivation to change,
motivation to improve. Students initiated the idea. Others of us are having
the opportunity to interact with these students to help them develop their
ideas and to help them learn some additional research skills. We believe that
this is one direction dental education should be taking.

Motivation is a subject alluded to only a few times so far in this paper. Yet,
in the psychology of development, motivation must certainly be one of the most
important facets of anyone’s life. What is motivation? From where does it
come? What does it do? How much of it is there? What kinds of things happen
to it over time?

There are many more questions to be asked about motivation and little
assurance that many of the answers are known. There is probably no reason
to try to answer many of those questions at this time. However, to ignore
motivation would be an error. Therefore, I will try to make a few statements,
which I hope will be relevant to the purpose of this Report.

Correctly or incorrectly, it might be useful to assume that motivation is a
hypothetical construct, a concept that exists in the sense of function but not
in the sense of material. This assumption leads us to look at, to identify, and
to state what conditions lead to what changes in behavior. It focuses upon
Freud’s idea of behavior having causes, but also calls for identification of those
environmental events over which some control is exercised, In the Skinnerian
sense, we recognize that behavior operates on the environment to generate
consequences and that the direction of that behavior will be influenced by the
consequences which follow it.

White {1961) has written an excellent article on motivation, in which he
discusses the shortcomings of Hull's “drives” and Freud's “instincts” as suffi-
ciently comprehensive explanations of behavior. White does not deny the
importance of sex, hunger, thirst, and so on, as forces in the directing of
behavior. However, as have others, he has tried to find better reasons for
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behaviors such as touching, visually exploring, solving problems, manipulating,
running, climbing, and playing. Each of these falls into a category of behaviors
which interact in some way with the environment but which do not appear to
depend upon any physiological, tissue need. For explaining these kinds of
behaviors, White uses a concept called competence. He defines competence
as “an organism’s capacity to interact effectively with its environment” (p.
279).

If one attempts to reduce this functional kind of definition to a lower physio-
logical level, one may derive speculative possibilities. One possibility is that
any stimulation alters the level of activity of the central nervous system, either
increasing or decreasing some over-all state. It is conceivable that any change
from a given state, regardless of the actual source of stimulation, may be
reinforcing to the organism. For instance, if the organism is understimulated
and nervous system activity is at some particular level, any action which
increases over-all stimulation will be reinforcing. On the other hand, if the level
of stimulation is at a high level, which may be stressful to the organism, a
reduction in stimulation will be reinforcing. Thus, in leoking at consequences
of behavior and assuming such a speculative system, one may infer that the
electrical activity of consequences may be fed back through the nervous
system to reinforce the behavior which generated the consequences, even
though no apparent organic needs are identified.

One does not need the previous reductionistic argument to give strength to
White’s concept of competence. Merely observing people, especially children,
can provide the impression that learning to manage the environment—whether
walking, riding a bike, playing an instrument, learning to write, or any number
of similar skills—has a rewarding quality, simply in the accomplishment. There
seems to be reinforcement in achievement.

Assuming the last statement to be a fact clearly points to constructive things
we can do to aid a healthy psychological development. In short, we can try
to guarantee an environment in which those thousands and thousands of
achievements can take place.

How nicely the concept of competence fits with a concept of motivation
which depends upon the environmental consequences of behavior. How nicely
both fit with a tendency to stress the influences of the environment upon
psychological development. Perhaps they fit too easily, but such a simplistic
view is helpful to me in trying to make decisions about behavior. It seems to
help in dealing with my children and my students, and presumably, in other
interpersonal interactions also.

But what about some other aspects of our influence upon behavior? Ism't
planned influence an attempt to control, an attempt to manipulate? What kind
of questions must be asked if one proposes intentional manipulation of people’s
behavior? These guestions have led to considerable debate. Although a com-
prehensive discussion is not called for here, some differing points of view
should be stated.

Rogers (1966) agrees with Skinner (1966) that man has always tried to
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predict, to control, and to undersiand behavior, and that as a result of scientific
development in the area of behavior the capacity to predict and to conirol
is increasing. On the other hand, Rogers believes that men are free in some
sense that will make complete scientific knowledge of man’s behavior impos-
sible. He sees man in a process of becoming something more than he is at any
given moment, of being involved in a self-actualizing process which moves
him to more challenging and more enriching experiences.

A key fact that must be considered in thinking of a given man’s freedom of
choice, however, is that he does not exist in a vacuum. He is, more often than
not, interacting with other people and in many different kinds of situations.
His behavior in these situations is being reinforced, positively or negatively, by
the consequences which follow his behavior. He is being controlled, intention-
ally or unintentionally, by those consequences. He can indeed be a victim of
someone’s manipulation, and ail the more so if he is unaware of what is hap-
pening and how it is happening.

We humans don't Iike to be manipulated, especially if it involves threats or
other aversive stimuli. We seem to be less disturbed by control over us that
may result from praise or attention, especially from friends, family, peers, or
the community. We may, in a sense, even encourage some degree of control
when we see it as having some benefit to us, as in psychotherapy, speech ther-
apy, and dental treatment.

Ignoring the kind of influential interactions that I have discussed in the last
few paragraphs will not make any of them less effective or any less important
to the psychological development of either ourselves or the others with whom
we interact. T sometimes cringe at the thought of being under the control of
some super behavioral scientists emploved by an army or a government. At
such times I take hope in the belief that there is protection against such an
outcome. That protection is knowledge about the variables which control
behavior. I believe that knowledge and ability to apply that knowledge offers
the best protection for all of us. If there is a degree of free choice, it must
surcly reside in the options which knowledge may provide.
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