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Foreword

Throughout the years, widely divergent theories on complete denture
occlusion have been advanced and practiced. Since the 1920s, many varia-
tions of occlusal forms for denture teeth have been designed and made
available to the profession. Unfortunately, most efforts to improve the
forms of posterior denture teeth were based on admirable goals but inade-
quate scientific experimentation. Various tooth forms and principles of
articulation have been advocated which were based on empirical theories
and subjective evidence from clinical practice.

During the past twenty years, sound scientific research in the field
of complete denture occlusion has been undertaken and reported. It has
been uncertain as to how the results of such research has been applied
to the clinical practice of complete denture service.

It was apparent that a meeting of teachers, researchers, and clinicians
was needed to assess the current knowledge of complete denture occlusion.
A “workshop” seemed to be the best method with which to study this
subject. The International Prosthodontic Workshep on Complete Denture
Occlusion was organized for the main purpose of appraising the current
knowledge of occlusion as related to complete denture prosthodontics.

The objectives of the Warkshop were to:

1. Appraise the current knowledge in the field of complete denture occlu-
sion

2. Exchange ideas relative to trends in research and clinical practice as
related to complete denture occlusion

3. Focus attention on the primary objectives for future research in com-
plete denture occlusion

4. Provide a publicaton which could serve as a basis for the teaching
of complete denture occlusion

5. Improve the treatment rendered to patients requiring complete den-
ture service with the emphasis on preservation of the remaining oral
structures
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Organization of The Workshop

"The Workshop was held in Ann Arbor, Michigan, from June 12-15,
1972, and was supported by The University of Michigan, Schoal of Den-
tistry, the Educational and Research Foundation of Prosthodontics,
Dentsply International Incorporated, and the American Fund for Dental
Education. The Organizational Committee was made up of Doctors Bell,
Bolender, Heyde, Kelsey, Lang, and Yurkstas with Doctors Kelsey and
Lang serving as Co-Chairmen.

There were eighty-nine invited participants from the United States and
foreign countries. Expenses of the contributors were paid for with Work-
shop funds.

The Workshop was organized into seven working sections.

. Alveolar Bone

. Physiology of Jaw Movements

. Articulators and Articulation

Occlusal Patterns and Tooth Arrangements

. Dental Materials as Related to Complete Denture Occlusion
Post-Insertion Changes in Relation to Complete Denture Occlusion
Human Factors in Relation to Complete Denture Occlusion

FACULTY OF THE WORKSHOP

Three persons were selected to serve as faculty members for each of
the seven Sections. The faculty consisted of:

CHAIRMAN: The Chairmen were given full responsibility to run their
Sections as they felt would best achieve the objectives of the Workshop.
It was the responsibility of each chairman to arrive at a consensus of
opinion of his Section members as they evaluated a number of problems
related to the Section’s topics rather than taking a vote to establish an
official position of the Workshop. Each chairman was responsible for
submitting a written report to a combined meeting {General Assembly)
of all Sections on the last day of the Workshop. The Section reports
were tead by the chairmen at the General Assembly. The qualifications
of the Section chairmen were that they be authorities in the subject area,



and have the ability to remain objective as they led the Section members
in their deliberations.

REVIEWER: The reviewer, or reviewers, were authorities on the topic
of their Section. Their responsibilities were to prepare a literature review
well in advance of the Workshop.

SECRETARY: The secretary was responsible for recording the proceed-
ings of the Section and for preparing the final report for reading at
the General Assembly.

The faculty for the seven Sections were:

1. Alveolar Bone
Chairman: Douglas A. Atwood, Boston, Massachusetts, USA
Reviewer: Donald H. Enlow, Ann Arbor, Michigan, USA
Secretary: Davis Henderson, Gainesville, Florida, USA

2. Physiology of Jaw Movements
Chairman: Arthur T. Storey, Toronto, Ontario, Canada
Reviewer: Hans Graf. Zurich, Switzerland
Secretary: Parker E. Mahan, Gainesville, Florida, USA

3. Articulators and Articulation
Chairman: Allen A. Brewer, Rochester, New York, USA
Reviewers: Frank V. Celenza, Manhasset, New York, USA
William E. Kotowicz, Ann Arbor, Michigan, USA
Alfred H. Geering, Ann Arbor, Michigan, USA
Heinz O. Beck, Houston, Texas, USA
Secretary: James E. House, Indianapolis, Indiana, USA

4. Occlusal Patterns and Tooth Arrangements
Chairman: Charles M. Moore, Teaneck, New Jersey, USA
Reviewer: Krishan K. Kapur, Boston, Massachusetts, USA
Secretary: Dale E. Smith, Seattle, Washington, USA

5. Dental Materials as Related to Complete Denture Occlu-
sion
Chairman: Robert G. Craig, Ann Arbor, Michigan, USA
Reviewers: Robert G. Craig, Ann Arbor, Michigan, USA
M. Kamal El-Ebrashi, Maadi, Cairo, Egypt
Secretary:  William R. Laney, Rochester, Minnesota, USA

6. Post-Insertion Changes as Related to Complete Denture
Occlusion

Chairman: Robert M. Morrow, USAF, Honolulu, Hawaii, USA
Reviewers: Robert M. Morrow, USAF, Honolulu, Hawaii, USA
Antje Tallgren, Copenhagen, Denmark
James T. Jackson, Washington, D.C., USA
Secretary:  Robert B. Lytle, Washington, D.C., USA

7. Human Factors as Related to Complete Denture Occlu-
s1oNn
Chairman: Alex Koper, Los Angeles, California, USA
Reviewer.  Charles C. Swoope, Seattle, Washington, USA
Secretary:  Marvin W. Weckstein, Southfield, Michigan, USA

PREPARATION PRIOR TO THE WORKSHOP

A comprehensive literature review was prepared for each Section by
an acknowledged authority on the subject. The reviews represented the
current published knowledge concerning the subject as it related to com-
plete denture occlusion. Mimeographed copies of the reviews were distrib-
uted to all of the comtributors prior to the Workshop. In addition to
the literature reviews, each contributor received a list of suggested “prob-
lems” within the scope of his study Section. The responsibilities of each
contributor prior to the Workshop were:

1. To study his or her Section’s literature review in preparation for discus-
sion during the Workshop, and

2. To prepare to discuss their Section’s “problems” relying on their famil-
iaricy with the literature review, and their personal research.

FORMAT OF THE WORKSHOP

Each of the seven study Sections worked separately for the first three
days of the meeting. It was the responsibility of each Section to arrive
at a consensus of opinion of the group as they evaluated a number of
problems within the scope of their subject area. Each Section dealt with
three main types of problems:

a. Problems of facts: To determine if alleged facts are scientifically well
supported.

b. Problems of belief: This applies where factual answers are not available
but there is need for a working theory or hypothesis.



c. Problems of future policy: What should be done to find factual answers
where we now are struggling with problems of belief?”*

On the fourth day of the Workshop, the faculty and contributors of
the seven study Sections met in the General Assembly. The General
Assembly (plenum session) was conducted by Dr. Floyd D. Ostrander,
Professor Emeritus of Dentistry at The University of Michigan and past
president of the American Dental Association. Following the reading of
each report by the Section chairmen, Dr. Ostrander requested that a
motion, properly seconded, be made “to accept the report as read with
dissenting comments recorded.” A given period of time was allotted
following each reading for any member of the Workshop to comment
on the report,

*Ramfjord, S. P., Kerr, D. A., and Ash, M. M.: World Workshop in Periodontics (1966).
The University of Michigan, Ann Arhor.
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Welcoming Address

WILLIAM R. MANN

Members of the Workshop who are from outside the city of Ann Arbor,
it gives me great pleasure to welcome you to Ann Arbor, to the campus
of The University of Michigan, and to the Horace H. Rackham School
of Graduate Studies. The School of Dentistry and the W. K. Kellogg
Foundation Institute have had the pleasure and good fortune to conduct
quite a series of workshops over the past twenty or twenty-five years,
and most of them have made a significant contribution to dentistry and
to dental education. I am sure that I do not remember all of the workshops
we have had, but I know that we had one in dental caries, two in periodon-
tics, one in orthodontics, one in the teaching of endodontics, one in dental
practice administration, and one in the use of auxiliary personnel. I know
that some of you have been here for some of these workshops and I
hope you have fine memories of them.

I first heard about the need for a prosthodontic workshop about fifteen
years ago when Dr. Richard Kingery used to talk to me about it, and
I suppose it is from those conversations that Dr. Kingery had with various
people that the seed was sown which led to this event. Whenever you
have a meeting of this type it really comes about through a combination
of several fortunate circumstances. In this instance two people were ready
to go to work and devote time and energy to organizing the Workshop
and to seck the financial assistance to conduct such an activity, Doctors
Brien Lang and Charles Kelsey have devoted a tremendous amount of
effort to make this Workshop a reality.

There has to be a source of money for a workshop, and we were
very fortunate to secure gifts from three different groups, two quite size-
able gifts from the Educational and Research Foundation of Prosthodontics
and Dentsply International Incorporated and a smaller one, but an
important one, from the American Fund for Dental FEducation. This
combination of support, and the efforts of a good many of you, have
brought us to the beginning of the Workshop. Some of you have already
devoted sizeable amounts of time and effort to preparing the literature
reviews for the work of this week.




I believe you probably understand what a workshop is, and I hope
that you do, because I know that you are all going to work hard before
its over. The term workshop, at least in the field of dentistry, has acquired
a poor reputation in recent years because anytime someone had a meeting
he decided it was going to be a workshop. Consequently, people were
just organized into workshop groups, and many of these meetings did
not succeed. If you are going to have a workshop and have it be successful,
you have to loock at it not as a course of instruction, or a conference
of some sort, rather it has to be made up of people who are invited
to come because of their particular knowledge and their capability of
making a contribution to that meeting. That is why each one of you
has been selected—because you do have that capability. You are not individ-
uals who wanted to come only because you thought you would get some-
thing out of it, as so often happens.

We want people to address themselves to the problems which will be
raised during the week and then to try to solve them from the most
scientific basis possible. When you run out of scientific facts, and when
opinion is necessary, you are the people who have well-based opinions,
not just casual ones. Because of this possible contribution each of you
can make, you have been invited to attend, and we certainly appreciate
the fact that you were willing to take the time from your practices or
your regular duties as teachers and researchers to be here with us this
week. I am sure you are all going to remember this week for the rest
of your lives, and 1 am certain that you will remember it as an enjoyable
and productive time.

Thank you again and welcome to Ann Arbor.

William R. Mann, Dean
The University of Michigan
School of Dentistry

Ann Arbor, Michigan

e g e

Opening Address

DANIEL H. GEHL

It gives me a great deal of pleasure to add my weicome to all of you
in attendance at this Workshop on Complete Denture Occlusion. It is
a great tribute to our specialty in dentistry that such a group has assembled
ready and willing to give of their time and ability to further prosthodontic
knowledge. The University of Michigan, School of Dentistry and the orga-
nizational committee must be commended for their efforts in gathering
together the teachers, clinicians, and researchers assembled here as well
as all the materials and manuscripts needed by the contributors to assess
the problems related to complete denture occlusion.

Our appreciation must also be expressed to the Educational and Re-
search Foundation of Prosthodontics, Dentsply International Incorpo-
rated, and the American Fund for Dental Education for their financial
support.

The contributors in attendance this week will have the distinct honor
of being participants in the first International Workshop on Complete
Denture Occlusion. You are about to make history. This in itself should
be of sufficient stimulus for you to contribute the necessary measure
of thought, self-expression, and knowledge to guarantee its success.

Our findings and conclusions, if based on scientific evidence and not
on personal theories, should have a direct bearing on the future of prosth-
odontic service and the ultimate improvement in the oral health of our
patients.

As we review the literature of the past seventy-five years, we will find
many divergent theories and thoughts concerned with complete denture
occlusion. As early as 1875, essayists and clinicians were expounding their
theories and beliefs. There are many theories and techniques concerning
tooth position, jaw relation records, and articulation that were advanced
up through the 1920’s. During the past fifty years, writers too numerous
to mention proposed theories on tooth forms such as flat plane teeth
versus anatomic teeth, or teeth with modified occlusual surfaces. Others
advocated a variety of occlusal schemes; i.e., balanced occlusions, nonba-
lanced occlusions, compensating curves, reverse curves, or flat occlusal



planes. Claims for specific procedures were based mainly on evidence
gained tn clinical practice and some research activities. The actual clinical
application of research findings have not been fully realized.

The literature contains many articles on articulating devices. There
are many types of instruments that have been used by the profession,
some quite simple and others extremely sophisticated, which were capable
of accepting three-dimensional dynamic registrations. Variance in design
and use was often prompted by a definite procedure or function. It might
be advisable to study the requirements needed to satisfy complete denture
occlusions and apply this knowledge to the design of an instrument capable
of fulfilling these needs.

Posterior occlusal forms and tooth arrangements have played a major
role in the development of complete denture occlusion. The literature
contains many articles describing a variety of designs and arrangements
of teeth. This constant search, which has been recorded since 1866 and
continues today, emphasizes the fact that the ultimate occlusal form to
provide favorable esthetics, retention, stability, maximum masticatory effi-
ciency, and mucosal and bone preservation has not been accomplished.

The physiology of jaw movements, the behavioral pattern of bone under
dentures, jaw relation records, tooth forms, and tooth arrangements all
need further study. Research based on sound scientific methodology must
be encouraged if we wish to reach the goal which is a complete denture
occlusion compatible with the preservation of the supporting structures.

Briefly, [ have attempted to state the present status of complete denture
occlusion. At best, I can only say that it is extremely controversial. There
are as many divergent theories as there are authors. Some theories are
based on techniques, others on clinical judgment.

The charge to this Workshop is that each of the seven groups will
have reviewed the literature for their Section and are now ready to make
an honest, unbiased assessment of these theories to see if they are based
on scientific evidence instead of unsupported personal theories,

The spirit of informality we hope to achieve during these next few
days should allow each contributor to discuss, question, agree, or disagree
openly. Your individual expressions will help us to attain our objectives
and thus provide recommendations for the future trends in research,
education, and clinical practice related to complete denture occlusion.

Daniel H. Gehl
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REVIEW OF LITERATURE

DONALD H. ENLOW

Alveolar bone truly represents a conceptual enigma. It is a tissue that
is customarily distinguished from “basal” and from alveolar “supporting”
bone, and it is believed to have unusual functional and behavioral charac-
teristics. [ts geometric boundaries do not lend themselves to any satisfac-
tory anatomical definitions, and its physiological behavior and biological
properties are at best difficult to evaluate and explain. Alveolar bone
is usually presumed to be a tissue that is secondary in nature and largely
dependent upon the teeth it houses. The dentition provides the direct
inductive stimulus required for eriginal formation and for the subsequent,
long term retention of alveolar bone. Yet, the converse must also be
recognized; the teeth themselves depend upon the enclosing alveolar bone
and the periodontal membrane. Brodie (1967) points out that the alveolar
bone is directly responsible for the moving placement of the teeth in
relation to the growth of the jaws.

The factor of bone loss must be considered as a critical, primary change
that is involved in the ultimate loss of the dentition. From applied as
well as theoretical points of view, alveolar bone is certainly one of the
most important of the basic oral tissues. It has been estimated that about
25 to 30 million people in the United States are edentulous in one or
both jaws (Nakamoto, 1968; Atwood, 1971; Atwood and Coy, 1971; U.S. Public Heolth
Publication No. 1000-11-7) and that most wear dentures. Periodontzl disease
affects nearly 80% of our adults with over half of the population becoming
edentulous by the age of 60. The incidence is higher in some other parts
of the world ¢Israel, 1967). Basic causes of alveolar bone loss are poorly
understood, and effective methods for controlling alveolar bone before
and after tooth loss are presently virtually unknown. The basic underlying
physiology of this dssue is not really understood, and such knowledge
is thus not available for any rationally based clinical method for direct
alveolar remodeling control. The overall situation can be regarded as
a major and largely unsolved health problem which Atwood has described
as staggering in scope. He emphasizes the special need for new, really
effective methods of both prevention and treatment. Many divergent fields
and specialties within the dental and other biological sciences have now




become involved. With regard to remodeling changes associated with eden-
tulous alveolar ridges, the physical, psychologic, and economic problems
for millions of people all over the world represent a major, complex
oral “disease” that is chronic, progressive, irreversible, and disabling (Atwood,
1971). The multifactorial origins are little understood, and seriously insuffi-
cient knowledge presently exists in the overall etiology of the problem.

THE PROBLEM OF ALVEOLAR BONE

The behavior of alveolar bone as a tissue is unique. It is particularly
labile in nature and is quite sensitive and responsive to a variety of extrinsic
and intrinsic stimuli. The basic problem is the question of the conirol
of alveolar bone behavior, both in a. the normal intrinsic histogenetic
process during growth, remodeling, and adjustments to tooth size, posi-
tion, movements, and loss, and in b. clinical control as related to periodon-
tal disease, nutrition, orthodontics, tooth loss, and prosthodontics. The
normal control process is not, in any real sense, fully understood. Until
this intrinsic control mechanism can be explained, the control process
itself cannot be controlled clinically.

Different kinds of growth behavior exist in different parts of a bone.
As will be discussed later, a great many bone biologists have presumed
that mechanical stimulus is the essential basis for virtually all of the progres-
sive control influences that govern bone development. That this falls far
short of an adequate explanation is now becoming realized (Enlow, 1968b).

To attempt to classify (not explain) variations in the types of bone
tissue response during remodeling, Scott (1955) describes mandibular bone
as “basal,” “muscular,” and “alveolar” in nature and points out that each
has a basically different kind of growth character. Washburn (19¢7) also
suggests that three main categories of bone tissue responses can be recog-
nized: a. that which does not appear unless muscle attachment is directly
involved, b. that which is self-differentiating but requires the presence
of muscle to remain, and c. that which is largely independent of any
direct muscle activity but which may involve genetic predisposition in
conjunction with a complex variety of other mechanical and developmental
factors. Such simple but meaningful taxonomy, however, does not give
us the answer we need; i.e., how the control systems involved actually
work. This is to be regarded as one of the most basic and important
problems in all of bone biology.

Histologically, alveolar bone is not particularly different from other
kinds of bone tissue. Like most of the various types of bone, it is a sensitive
tissue that responds to a variety of normal and experimental stimuli.
Like all tissues, it has definite thresholds for such stimuli, and these are
believed to be notably low, particularly in 2 field of compression. Some

threshold response levels can also be quite high in alveolar bone, however,
and the basis for this differential behavior is not understood. Alveolar
bone, as previously mentioned, appears to be a largely dependent type
of tissue which is secondary to the teeth it supports. This concept, however,
will likely become modified as more is learned of intrinsic control mecha-
nisms and the nature of bone-tooth-soft tissue interrelationships and feed-
backs.

Alveolar bone appears to be fundamentally different from basal bone
in stimulus-response characteristics, and a variety of relationships exist
that may be associated with this difference. Recent studies suggest that
alvealar and basal bone may have separate origins and thereby also have
different developmental potential and programming. Freeman and Ten
Cate (1971) have shown, using autoradiographic techniques, that alveolar
bone may be derived from specific cells originating in the dental papilla.
Biggerstaff (1972) has observed separate, hyaline-like cells in the developing
jaw (of the hamster) that apparently give rise directly to the primordial
tissues of bony alveolar ridges. Other features that bear upon the struc-
tural-functional interrelationships of alveolar bone are discussed below.

THE MICROSCOPIC STRUCTURE OF ALVEOLAR BONE

The adage that all “bone is bone™ is certainly not true. Many different
histological varieties of bone exist and each type represents a specific
structural adaptation to particular developmental, mechanical, age, and
functional relationships.

Alveolar bone is usually described as a mixed combination of “bundle
bone” and lamellar bone containing Haversian systems. This is inaccurate
and incomplete. It is important to realize that several different basic bone
tissue varieties exist and that each has specific functional relationships
associated with it. These types are briefly described below. It is noted
that none is specifically restricted to the alveolar process associated with
teeth, and that all can also occur in other skeletal areas. See Enlow (1968a)
for a more detailed account.

BUNDLE BONE. This is the conventional type most often mentioned
in relation to tooth-supporting bone tissue. It is a bone tissue in which
massive bundles of parallel collagenous fibers (Sharpey's fibers) of the
periodontal membrane have become progressively embedded and buried
as the alveolar bony plate grows around them. It is noted that this is
“periodontal” bone which is homologous with “periosteal” bone. The
periodontal membrane itself is a direct extension of the periosteum, and
both periodental bone and periosteal bone are to be distinguished from endos-
teal bone, as described under other types below. Bundle bone always



develops in an appositional direction toward the tooth root. It is always
associated with the so-called tension side of the socket unless a subsequent
reversal occurs that can then result in the resorption of this bundle bone
which is then on the “pressure” side.

LAMELLAR BONE. This is a generalized type of bone tissue that
can occur in conjunction with other histologic types. For example, the
underlying bone associated with the bundles of attachment fibers (bundle
bone) can be either lamellar or non-lamellar in nature. The lamellar ar-
rangement is a stratification produced by varying matrix fiber orientation
in efltcrnate lamellae. This type of bone is charactenistically produced
during relatively slow periods of continuing bone deposition. It is thus
found in slower-growing localized areas in conjunction with other bone
types that form in other faster growing regions. It is seen at all age
levels but is of course particularly widespread in the older skeleton.

NONLAMELLAR BONE. The matrix in this bone type is not stratified
due to the homogeneous mode of fiber deposition. The osteocytes have
a characteristically more random distribution and do not occur in regular
circumferential layers as in lamellar bone. The intercellular matrix has
a characteristically more basophilic staining reaction. Nonlamellar bone
is formed during periods of relatively rapid accretion and is a feature
of the fetal skeleton and the fast-growing child. Rapid remodeling move-
ments of alveolar bone usually involve the formation of this tissue type.
[t can be of periosteal, periodontal, or endosteal origin.

FINE-F]ANCELLOUS BONE. Frequently associated with nonlamellar
bone, this tissue type is also formed during periods of particularly fast
bone deposition. During the fetal and early postnatal growth of the skuil
virtually the entire maxilla and mandible are composed of fine-cance]lou;
bone, including the “compacta” of the cortex. It is also a common type
of bone at any age in those particular regions involving a transient period
of rapid bone formation. Fine-cancellous bone, which has somewhat larger
vascular spaces than ordinary compact bone but smaller cancelli than
the coarse-cancellous type of bone, is always of a nonlamellar type. The
spaces, however, can become filled by either lamellar or nonlamellar
bone to convert this tissue variety into compact bone. This filling-in process
Produces “primary osteons,” a common and often encountered structure
In most species, including man. It is little known, however, since this
{and most other) basic bone types are not described in most standard
textbooks. Fine-cancellous bone can be of periosteal, periodontal, or endos-
teal origin.

COARSE-CANCELLOUS BONE. This is ordinary “spongy” bone and
is characteristically located in medullary spaces. It is always of endosteal
origin and by definition is not produced by either the periosteum or
periodontal membrane. The cancellous bony fill in the fundus of the
alveolar socket following extraction, for example, is produced specifically
by the endosteum. The spongy bone of the edentulous ridge, similarly,
is also of endosteal origin. Coarse-cancellous bone can be either lamellar
or nonlamellar in type depending on its relative rate of formation. It
comprises the “supporting bone” surrounding the thin compacta of the
alveolar bone proper (the lamina dura as seen in radiographs).

COMPACTED COARSE-CANCELLOUS BONE. This is a most impot-
tant type of bone tissue and represents a significant percentage (about
half or more) of the various types of tissues which comprise alveolar
bone proper as well as most other bones in the skeleton. Paradoxically,
this is a bone tissue that is seldom mentioned in most basic texts.

This tissue type is formed by a direct conversion process from cancellous
to compact and from medullary to cortical bone. The cancellous spaces
become filled with lamellar bone until the resultant spaces are reduced
to erdinary vascular canal dimensions. Compacted cancellous bone is
always of endosteal origin and its outer surface, contiguous with the perios-
teum or periodontium, is usually resorptive in nature. This type of bone
is formed when the alveolar cortical plate grows into any region previously
occupied by cancellous trabeculae, as on the “pressure” side of the alveolar
socket. The convoluted nature of compacted cancellous bone somewhat
resembles true secondary osteons {Haversian systems) and have often er-
roneocusly been identified as such in the literature. Compacted cancellous
bone may be termed “convoluted bone tissue” and represents a significant
type that is encountered in almost any routine microscopic section of
bone.

HAVERSIAN BONE. Although this is the familiar bone type empha-
sized in basic texts, it is not a significant structural component in many
areas of cortical bone. Further, it is not widespread during the postnatal
growth period, and many species lack this kind of bone altogether. The
secondary osteon should net be regarded as an ubiquitous “unit” of struc-
ture., Haversian systems are not a prominent feature of alveolar bone,
and even during the more advanced age levels when Haversian systems
begin to accumulate in some other bones, they can be scarce or entirely
absent in the alveolar plates. Osteons are “secondary” because they replace
original primary bone during a process of internal cortical reconstruction,
This process serves to rebuild areas that have become necrotic and to



replace them with a new generation of living bone. Necrosis is a normal
process in all bone during aging. Highly vascular types of bone live for
longer periods than the less vascular varieties, but the life span of any
bone tssue is limited (Enlow, 1966). During the childhood period, the process
of growth itself serves to replace older with new bone. After growth
ceases, however, remodeling associated with growth no longer provides
this continual resorptive, regenerative function. Cortical Haversian recon-
struction provides this process of tissue replacement, and secondary os-
teons thus accumulate for the remainder of life. Mobilization of mineral
is also provided by this same process. Haversian systems or their equivalent
also function in muscle and tendon attachments on remodeling, resorptive
surfaces of a bone (Enlow, 1963).

VASCULAR AND NONVASCULAR BONE TISSUES. The density
of vascular canals within compact bone is directly proportional to the
rate of deposition. Fast bone growth results in highly vascularized bone
and very slow growth is associated with poorly vascularized or totally
nonvascular types in both periodontal and endosteal varieties of alveolar
bone. On the “pressure” side of the teeth, whether or not the cortical
alveolar plate is vascular bears directly on the mode of periodontal fiber
attachment (see under soft tissue attachments below).

Highly vascular bone tissue is more resistant to progressive osteocyte
necrosis than the less vascular varieties. As overall skeletal growth slows,
the density and distribution of canals decreases and necrocytosis then
becomes accelerated. The relative density of canals is also related to the
effect of osteoporosis on the bone tissue, a factor of key importance
in tooth loss. These considerations are discussed in sections that follow.

CHONDROID BONE. It is surprising that one of the most unusual
and characteristic types of bone found in the alveolar process has received
very little detailed study. Except for brief mention in some texts, only
a few studies have recently been concerned with chondroid bone. This
bone tissue type is characteristically found as a cap at the apex of a
fast-growing alveolar ridge (it is also found at the growing apex of many
tendon-attachment tubercles on long bones). The cartilage-like appearance
of the densely distributed, large cells and a nonlamellar matrix charac-
terize chondroid bone (Enlow, 1963, 1968; Gussen, 19682, 1968b). It apparently
undergoes direct metaplasia into ordinary nonlamellar bone, thus suggest-
ing that this is one type of bone tissue that can actually undergo a kind
of true interstitial growth or remodeling. The physical properties and
the nature of its particular adaptive functions are little known.

THE REMODELING OF BONE

RESORPTION AND DEPOSITION. These two growth processes mu-
tually complement each other, and the combination represents the basic
mode of skeletal growth and remodeling. The realization that bone under-
goes a process of surface resorption during growth was a major conceptual
breakthrough in the 18th century. Resorption is of course a normal process
and is just as necessary to growth as deposition. In a restricted clinical
sense, “resorption” has often been regarded as undesirable. During child-
hood, however, deposition complemented by resorption provides for
growth and also brings about the necessary process of remodeling, which
is a basic and integral part of growth. Remodeling is also a process that
provides many other kinds of skeletal adjustments in a complex variety
of circumstances. Osteoporosis, for example, is a type of remodeling,
and it has been argued whether or not this is also a “normal” phase
of skeletal physiology or a “disease” process (Gamn, et al., 1966; Atkinson, 1969).
Similarly, reduction and loss of alveolar bone following loss of teeth is
actually a normal, adaptive remodeling process. The sharp edges of the
protruding alveolar ridges become removed thereby allowing effective
gingival coverage and edentulous occlusion. Yet this same regressive re-
modeling process, which is normal and desirable, can also be defined
as a significant and important disease process because it can interfere
with denture stability.

EFFECTS OF OSTEOPOROSIS IN DIFFERENT KINDS OF BONE.
In some varities of osteoporosity, the presence or absence and also the
relative density of vascular canals in cortical bene, including alveolar bone,
directly influences the nature of response to the onset of osteoporosis.
Because initial changes in osteoporotic bone loss involve the enlargement
of existing vascular canals into fine-cancellous dimensions, the presence
of a great many canals in the densely vascular types of bone provides
the basis for a great deal of bone loss within the substance ' of the cortex
itself. The overall thickness of the cortex may not be materially affected,
but its porosity becomes greatly increased. Resorption on periosteal and
endosteal surfaces is thereby not a major factor, at least during the earlier
stages.

If the bone tissue type is sparsely vascularized or locally entirely nonvas-
cular, however, the existence of bone surfaces within the cortex is much
less extensive or completely absent. Bone loss then occurs directly from
either or both the periosteal and endosteal surfaces. In contrast to the
development of 2 highly spongy and porous type of cortex, thus, os-
teoporosis in these bone types becomes associated with a chinning of the
whole cortical plate with the plate itself retaining a compact character.



THREE KINDS OF ALVEOLAR BONE REMODELING, “Remodel-
ing” is a standard term often used in any discussion dealing with bone,
yet many investigators are not aware of the functional basis for the dif-
ferent basic types of remodeling. First, remodeling is a process that serves
to change one part of a growing bone into another part and, at the
same time, retain the overall shape of a whole bone. Thus, the “old”
ramus becomes remodeled into the lengthening corpus as the new ramus
continues to grow posteriorly. Former areas of alveolar bone become
remodeled into the basal bone of the corpus as the teeth erupt. The
maxillary arch becomes sequentially remodeled into the palate as both
continue to grow inferiorly. This is “growth remodeling.”

Second, the term remodeling is often used by the biochemist and physi-
ologist to describe the general process of feedback involved in mineral
homeostasis. Thus, calcium release, trabecular resorption, ion-exchange,
and all similar processes provide a remodeling system at the molecular
level.

Third, remodeling is used to describe the process of histologic cortical
reconstruction. The often-used comment that “bone remeodels throughout
life” is a valid principle, although many do not realize just what the
real nature of this functional process is. It provides a system for the
internal replacement of aging bone without disturbing the overall form
of the whole bone itself. Thus, dead or dying cortical bone becomes
progressively replaced by new (Haversian) bone tissue. It is possible that
this process may be a factor in the cause for losses of teeth, as will be
discussed later.

ALVEOLAR BONE AND BIOMECHANICAL FORCES. Of all the
different extrinsic and intrinsic factors that can affect bone, tensions and
pressures have been presumed for nearly a century to be the factors which
most influence and regulate the processes involved. That this presumption
may or may not be entirely justified is evaluated briefly in the present
report. However, alveolar bone is commonly regarded as a bone tissue
type that is particularly sensitive to physical forces, and in which the
threshold for compression is especially low. It is generally accepted that
alveolar bone is not dependent upon direct genetic ceding or any estab-
lished histologic programming, and that muscle action is not required
for its development and maintenance. Tension is usually regarded as
the type of stimulus that results in bone deposition, and pressure is be-
lieved to be the force that results in bone resorption. See Epker and
Frost (1965-1966) for a critical evaluation of surface curvatures and the
nature of stresses and strains. They show that compression, not tension,
can be directly related to bone deposition, and tension can be associated
with resorption. Quantitative levels of tension and pressure required
under the complex and varied circumstances associated with alveclar bone

are not fully known, although the uses of “light” and “heavy” forces
and their differential effects are widely discussed (Moyers and Bauer, 1950;
Smith and Storey, 1952; Baxter, 1967; Gianelly, 1968; Utley, 1968). For a discussion of
the amount of force as it relates to dentures and alveolar resorption,
see O’'Rourke (1949 and Brudevold (1951).

While the nature of actual forces involved is poorly understood, it has
long been realized that teeth move actively through the bone of the jaw
during overall bone growth and during eruption and “mesial drift.” Such
tooth movements involve alveolar remodeling by deposition and resorption
in specific parts of the alveolar processes according to the particular direc-
tions of tooth movement at any given time or in any local area. Bone
is added on that surface which faces the localized direction of movement,
and bone undergoes resorption from those contralateral surfaces which
are oriented away from the localized movement direction (Enlow, 1968a).
That such a general process occurs in the bone tissues associated with
the periodontal membrane was apparently first recognized by Black (1880).
Kingsley (1880), however, suggested that external forces produce a move-
ment of teeth due to the elasticity and physical bending of the alveolar
plate, Farrar (1888) also recognized bending of the alveolar bony plates
as a possible factor but also realized that resorption and deposition oc-
curred at the same time. These early accounts are interesting since some
present-day investigators have returned to similar, albeit more sophisticat-
ed, explanations {see under piezo effect below; refer also to Baumrind,
1969).

Edward H. Angle (1907) also recognized that bone is resorbed in advance
of a2 moving tooth and laid down following it. Baumrind (1969) reports
that until the time of Angle, mechanical forces employed in “tooth regula-
tion” were so extreme that outright {ractures of the alveolar process oc-
curred. The “light” force concept in Angle’s new school was strongly
supported by Oppenheim (1911-1912), who eventually came to believe that
“bending” of the bone was not involved at all and that only surface
response to pressure and tension produced alveolar remodeling during
tooth changes (1933).

The actual histologic changes involved in resorptive and depository
alveolar remodeling were described by Sandstedt in 1904. He also intro-
duced the concept of “undermining resorption,” a process that is believed
by some to occur in the face of strong forces (see later discussion). Brash
(1927, in the course of his famous vital dye studies, clearly demonstrated
the process of deposition during alveolar growth. He also pointed out
that the bone tissue of the alveolar wall undergoes a process of microscopic
reconstruction even when the tooth is stationary.

Sicher and Weinmann (1944) formalized the principle of drift as a physi-
ological movement of the teeth “throughout the life” of the individual.
Although this concept is valid and well documented, it is not generally



realized that drift involves a significant extent of vertical movement of
teeth as well as mesial or distal shift during the growth period, particularly
in the maxilla (Enlow, 1968a).

The structural arrangement of alveolar trabeculation and the nature
of its variations have been described by Parfitr (1962). The spacing of
trabeculae in relation to the variable forces of mastication was discussed
by MacMillan (1926), and Johnson, ¢t al. (1926) related the orientation of
alveolar trabeculae to specific directions of tooth movement. Herzberg
(1932) also showed experimentally that bony trabeculae become arranged
parallel to the direction of movement. Breitner (1940) stated that trabecular
orientation was in the direction of orthodontic pull and, also, approxi-
mately perpendicular to the long axis of the tooth. However, Stafferi
(1958}, in a roentgenographic study, claimed that each person has his own
characteristic, inherited patterns of alveolar trabeculation. Despite loca-
lized changes produced by therapy, the overall pattern does not change
and any local changes are temporary in nature and the original pattern
will return. (Note: this “heredity vs. mechanical force” argument is basic
to our present dilemma of alveolar control, as discussed in a following
section).

The magnitude of biomechanical force as it relates to the stimulus,
rate, and the extent of bony remodeling has, historically, been keenly
controversial. In a recent study, Utley (1968) concluded that osteogenetic
activity and structural dynamics increase in response to the level of forces
accompanying experimental tooth movements. Other workers, however,
have stated that the actual magnitude of force is irrelevant so long as
the distance of any bone-tooth movement does not obliterate periodontal
blood vessels (Stuteville, 1937, 1938). Should any force on alveolar bone be
at a level that does not compress and occlude the vessels (i.e., “light
forces”), it is presumed that only frontal resorption occurs on the immediate
alveolar surface which directly receives the pressure. Conversely, if the
periodontal vascularization is totally occluded by “heavy forces,” the im-
mediate site of compression cannot thereby respond and undermining re-
sorption then takes place. This involves a resorptive advance into surround-
ing cancellous areas contiguous with the alveolar plate proper. In experi-
ments using dogs, Gianelly (1969) demonstrated that a relationship does
exist between the patency of localized periodontal vascularization and
the occurrence of either frontal or undermining types of resorption. He
also relates the previous studies of Stuteville (1937, 1938) and Bien (1966)
and suggests that the vasculature represents a hydraulic system which
transmits localized fields of variable compression, according to the state
of distention, onto the face of the alveolar plate. Like many present-day
investigators, Gianelly mentions the piezo reaction to crystal distortion
as a possible means of response to the trigger effect of direct compression
on the alveolar bone surface. DeAngelis (1970}, in his own series of experi-

ments, places importance on the deformation (bending) of alveolar bone
by mechanical forces and believes that the thickness of the bony plate
is the essential basis for a differential response to the stimulus. A similar
concept has also been proposed by Smith and Storey (1952). Thus, the
thinner alveolar bone plates associated with the anterior teeth have a
lower threshold to bending and subsequent resorptive remodeling than
the more posterior teeth, DeAngelis also speculates that the piezo effect
may account for bone tissue responses to force. He questions that the
basis for “undermining” resorption is due to any strong-level force,
however, and states that remodeling of the cancellous trabeculae conti-
guous with the alveolar plate is simply an integral part of the overall
process of coordinated bone and tooth movements. That is, the supporting
trabeculae drift by deposition and resorption in the same direction of
movement as does the alveolar bone proper. The biomechanical stimulus,
thus, is not restricted just to that localized surface directly receiving the
stress but is passed onto surrounding bone tissues as well. Coordination
of all these remodeling changes occurs so that the alveolar plate remodels
in conjuction with its surrounding cancellous tissues. DeAngelis regards
the physical bending of bone as the probable factor that triggers the
piezo effect which in turn stimulates osteoblastic and osteoclastic response,

Baumrind (1969), similarly, believes that the bone must be actively de-
formed in order to elicit any significant extent of remodeling reaction.
He notes the ease with which alveolar bone can be distorted by experi-
mental forces, and states that the degree of deflection is related directly
to the magnitude of the force applied. He does not believe that force-creat-
ed changes in the periodontal membrane itself, without associated bone
deformation, can be the sole factor that serves to elicit bony response.
Epker and Frost (1965-1966) also maintain that active deformation (strain)
is required in order to trigger any remodeling response. They suggest
that mechanically increased or decreased surface curvatures are the specif-
ic stress or strain changes that activate bone producing and/or resorbing
cells.

As previously mentioned, the magnitude of any physical force acting
on alveolar bone has been regarded by most investigators as a basic factor.
Reitan (1951) has stated that continuous forces produce a deposition of
osteoid tissue in areas of tension and that this tissue type also occurs
in conjunction with resorption at pressure-exposed surfaces. When the
forces exceed that tissue’s particular intrinsic tolerance level, a pathologic
response then results. Reitan (1957, 1960) has aiso noticed the presence
of a cell-free osteoid tissue in areas of compression as an initial, transitory
reaction, and has stated that this tissue appears to be relatively pressure-re-
sistant. Baxter ¢1967) also calls attention to the seemingly common occur-
rence of osteoid covering the alveolar surface during remodeling. This
tissue, which is an uncalcified osseous matrix, is ordinarily regarded as



a normal type of tissue unless it becomes vfid_espread and more or less
permanent. In most bone forming areas, 1t 18 cal_Jsed by a temporary
calcification lag after the bone matrix has beerf laid down. Whetlher 1or
not osteoid has a special function in tooth-l.aearar-lg bone. durlng_a.;eo ar
remodeling, perhaps as a pressure-resistor, is an Interesting possibi 1?1.
While most investigators have concluded that_ the amount of any force
is critical to remodeling changes, it has been pou}ted out_by Rex_tan 1(1931)
and by Ackerman and Cohen (1966) that dumt‘wn is alsq dlreFtly involve d
The various biomechanical and remodeling relatloqshlps c}escr:be
above involve only the periodontal membrane and the 1H.1med1ate ponei
tissues associated with the alveolar processes. The ar}atomlcal, functiona
and developmental nature of the orofacial f:omp'lex in genq_al, ho.wever,
is very much a “house of cards.” Alterations in the position, size, ocrl
relationships of any one part become passed on from area to i‘rez} an
give rise to a chain of responses by many other soft and har1 tissues
throughout the facial complex. Gingival adjustments, submucosa COE{ICZ
tive tissue responses, buccal and labial_ musculature adapt.atl?ns, d‘oot-
vessel changes, altered nerve innervations, temporomaqdlbllx al;l aTj];lSS
ments, and many other similar consequences all become nvolved. uci
remodeling activities associated with. teeth and alveolar ‘bone can eg.tertx 1
much beyond the alveclar process itself and the associated periodonta

membrane.

SOFT TISSUE ATTACHMENTS TO BONE. The periqdontal “liga-
ment” is a complex, layered, vascular and cell_u]ar, dense 'flbrous me}l)t;—
brane that is directly continuous with the periosteum. I_t is com}')]::ra hz
with the periosteum in both structure and rr.lodes of activity. Un }11 e tn ©
periosteum, the periodontal membrane also l.nvolves f1br0u§ attact I'éle t
to the cementum of teeth, This special functlor}, however, is carrie ou
in a manner similar to another structural variation of the p-erlostel‘llzn
(the sutural membrane) which provides bone-to-bone conl}factlgng. Ltl]?’
any periosteal bone surface throughout the skel'eton, the perio otn ae
surface of alveolar bone can be either of a d‘eposztor.y or a resorptive ypﬂ.1
This requires different periodontal mechanisms with regard to irozv "
relationships and fibrous attachments. Be(fause t}.le' retention orlt eb 0
of the dental arch and also the remodeling activities o_f alveolar or:ie
itself all involve direct fibrous anchorage, the mode of periodontal remod-

ing is of basic importance. . o
dlz[l‘%lés ;(n)eriodontiupm remodels just as the bone tis§ue assoaa};}cll_ w1t: H:E
undergoes continued remodeling changes and.ad)usl':ments. is m :
brane is not simply “moved” as a whole, unchanglpg unit, as the contlgfuoc?f t
alveolar plate moves by deposition and resorption. .The procless o lis .,
tissue remodeling is concerned with cellular regopulatlor.l, vascular realig ‘
ments, maintenance of innervations and, particularly, fibrous reconstruc

tion in order to provide shifts in membrane position and the maintenance
of uninterrupted attachments and tooth anchorage.

How can the periodontal membrane sustain continuous attachment onto
a resorpitve face of alveolar bone? The conventional explanation holds
that “spot” deposits of new bone are apposed onto recently resorbed
surfaces, and that these thin, transitory scales of bone provide waves
of temporary anchorage which alternate with periods of resorption here
and there throughout the “pressure side” of the socket. Some areas thus
give attachment while others undergo resorption. The question is not
answered, however, as to how such spot deposits themselves are firmly
attached onto a severed, resorbed surface which had previously experi-
enced total membrane and fibrous detachment. This is a basic consider-
ation that is relevant to all circumstances involving alveolar remodeling,
including mesial drift, eruption, growth, the remodeling of the mandible
and maxilla as a whole, osteoporotic changes, loss of teeth, residual ridge
remodeling, and gingival attachments. The same problem exists with re-
gard to periosteal and muscle anchorage to resorptive surfaces of a bone.

Spot deposits are in fact formed on the resorptive surfaces of a remodel-
ing socket, although they may represent a structural result of 2 somewhat
different process. Their functional importance, also is questionable since
the attachment is not secure and separation is usually noted in routine
histologic sections. Also, the extent of a “spot” deposit is misleading since
its actual coverage can extend far beyond the apparently small areas seen
in thin sections. Coverage extends well into the adjacent cancellous bone,
a feature that is not always recognizable except in serial sections or in
thick preparations. Spot deposits usually represent exposed remnants of
the process of compaction of cancellous bone, in conjunction with surface
resorption, as previously described. This process itself, however, is a mech-
anism involved in membrane attachment.

At least two functional systems can be identified in fibrous attachments
onto regressive alveolar surfaces or any other kind of resorptive bone
surface (Enlow, 19682). Many areas are encountered in which previous perio-
dontal fibrous anchorage is only partially severed and released as a direct
consequence of the resorptive removal of that bone in which attachment
fibers were formerly embedded. A key feature of the resorptive process
is that some fibers that were a part of the ordinary bone matrix do
not become resorbed. These fibers subsequently become converted from
bone matrix fibers, which are already directly continuous with the existing
fibers of the PDM, into actual new periodontal fibers upon their release
from the bone matrix. This process thereby sustains continuous attach-
ment in these particular areas. Such regions are characterized by hone
matrix fibers which have an alignment that coincides with that of the
tensile forces present in that region (the collagenous fibers on the pressure
side of the socket can be under actual tension; any pressure is not transmit-




ted by the fibers themselves). In other areas where fibrous alignment
within the bone matrix does not coincide with the direction of fibrous
tension in the PDM, total bone matrix resorption then occurs. A compara-
ble process occurs in other bones where periosteal surface resorption
takes place at sites of muscle and tendon attachment.

The second mechanism of fibrous anchorage on resorptive alveolar
surfaces, which is also seen in other bones at locations where muscle
attachments are involved, is that of Haversian remodeling deep to the
resorptive surface. In advance of the resorptive front, erosion spaces which
are continuous with the resorptive surface become continuously formed
and reformed. Within these spaces, secondary bone is laid down, and
the entire fibrous matrix of this new bone is directly continuous with
the fibers of the PDM. This bone can be in the form of Haversian systems
{(secondary vsteons) if the alveolar cortical plate is broad enough to contain
them, or it can simply be a layer of new cortical bone produced by a
compaction of pre-existing cancellous spaces. Thus, fibrous attachment
of the PDM to the resorptive side of the alveolus is sustained by anchorage
deep to the resorptive surface itself. As the resorptive front proceeds,
such areas themselves become exposed and destroyed, and the process
continues in advance of the moving front. Such exposed remnants of
secondary bone probably represent much of what has been regarded
as so-called spot deposits.

Interestingly, this mechanism of membrane anchorage involves “under-
mining resorption,” as described in earlier paragraphs, although the func-
tional nature is entirely different from that usually associated with this
process. Thus, resorptive activity in the supporting cancellous bone adja-
cent to the alveolar plate proper can be a feature associated with progres-
sive membrane reattachment as well as cancellous drift (as suggested by
DeAngelis) and heavy forces (according to conventional theory).

As the tooth erupts, drifts, becomes relocated in relation to the growing
jaw, or as teeth are lost and as the alveolar ridges undergo regression,
the periodontal membrane and the periosteum themselves remodel in
conjunction with these changes. This requires sequential conversions of
precollagenous to collagenous fiber types, and the converse, as these fibers
adapt to the moving bone surfaces. These changes are described in detail
by Enlow (1968a).

A SURVEY OF POSSIBLE CONTROL FACTORS IN
ALVEOLAR REMODELING

It is apparent that the most basic and important of all our current,
unresolved problems in skeletal physiology is the question of the local
conirol mechanism. The history of advances in bone biology through many

centuries has involved a succession of conceptual roadblocks that held
up meaningful progress until notable breakthroughs were made and
progress could then continue until the next major block was encountered
(Enlow, 1963). Breakthroughs, historically, have followed the introduction
of new research tools {such as the microscope, vital staining, and radiog-
raphy), new basic concepts (such as the cell doctrine and the first discov-
ery of the process of “resorption” in bone), special men (John Hunter),
or the accumulation of many separate pieces of information to form a
single grand principle (Wolff’s Law). The great block that we have encoun-
tered in our own time is the meaningful explanation of the local control
mechanism. This may well prove to be the most critical and formidable
conceptual obstacle of all time. The breakthrough, when and however
it comes, will mark the beginning of a new era.

Traditionally, most investigators dealing with bone tissue have accepted
the concept that biomechanical forces represent the sole, or at least the
principal, factor that regulates the course of bone remodeling throughout
childhood and adult life. The rationale that underlies this idea is, on
the surface at least, quite rational and seemingly well founded. Using
the concept of tension-deposition and pressure-resorption, one may reson-
ably explain virtually the whole of skeletal growth and physiology from
fetus to old age if one “believes” in the basic premises required and
does not question the modes of operation involved. Because of the reason-
ableness and attractiveness of the overall concept, biomechanical explana-
tions in one form or another have served as the keystone for most of
our past and present explanations of remodeling control. These concepts
state, essentially, that bone is entirely dependent upon stresses for contin-
ued differentiation response, and the various kinds of adaptations re-
quired during life. When stress is applied to a bone, the osteoblasts and/or
osteoclasts are stimulated by this stress to function, and remodeling takes
place until subsequent growth and adjustments neutralize the imbalances
of forces and bring them to equilibrium. At this time, growth or remodel-
ing ceases until such future time that any force imbalances are again
introduced and force equilibrium once again becomes disturbed. Tension
has usually been accepted as the trigger for bone deposition, and pressure
has been believed to bring about resorption. Some recent workers however,
such as Frost (1963), and Epker and Frost (1965-1966), have produced much
conflicting evidence in this regard. Tension, however, has conventionally
been presumed to stimulate osteoblasts to produce new bone so as to
adapt the bone to this stress, and that bone’s definitive shape is thereby
eventually produced with all of its tuberosities, crests, enlarged epiphyses,
etc. located at the specific sites of the mechanical pull. When all muscle
stress and other forces become balanced, further remodeling ceases be-
cause the immediate stimulus has been removed. If the stress itself is
taken away, that bone tissue adapted specially to the stress then undergoes



resorptive regression by the stimulus of osteoclastic activity in that particu-
lar area. These various premises have been “tested” by the cutting of
muscles, application of different artificial forces, and many other similar
experiments designed to show a skeletal reaction. Because the bone always
responds in some manner, it is usually concluded that “force” is therefore
the essential agent that is responsible for the basis of all remodeling control.

The question must now be asked, however, as to whether or not factors
that can affect or change a tissue necessarily must also be the same factors
that carry out the direct control of its growth, differentiation, and physiolo-
gical behavior. If a soft tissue biologist were to experimentally create
simple structural changes in muscle, ordinary connective tissue, or epithe-
lia by applying unusual ectopic stresses to these soft tissues, he would
certainly not conclude that stress is therefore the sole primary factor
of tissue control. Yet this, in effect, is just what the skeletal biologist
has done since the many other factors that can be directly involved are
not usually taken into account. A general classification scheme is proposed
below that will be used to categorize the many, varied factors that can
contribute to control in order to place each in perspective relative to
the rest.

1. A given factor is the means of primary tissue control for growth, remod-
eling, repair, regeneration, etc. No other factors are directly required,

2. A given factor functions as a trigger that stimulates the real agent or
agents of control, whatever these may be. This factor is thus one of
a chain of factors,

3. A given factor is a title for some biologic event or process but does
not explain the means by which the direct control of this process is
regulated. That is, this is a label and is in effect a synonym for the
“control process” itself without accounting for the actual mode of its
operation.

4. A given factor is required to be present in order to support the primary
control mechanism but is itself of a secondary or subordinate nature.

Outlined below is a survey of a number of possible control factors
and a brief evaluation of each. It is pointed out that overall control requires
variable combinations of such factors in the many different circumstances
that characterize the skeletal environment.

BIOMECHANICAL FORCES. Pressures and tensions must be involved
in growth and functional remodeling control in some manner, either
as an actual control agent or as a factor thar must at least be accommodated
by other control systems. Mechanical forces might be directly involved
in some circumstances but represent only a secondary factor in others.

In any event, however, a one-to-one correlation between tension and depo-
sitton (or between pressure and resorption) does not always exist. That
15, depository and resorptive remodeling fields and the boundaries for
the attachment of muscles and other stress-causing tissues often do not
coincide. This is not realized by many investigators. Further, a given
area of stress can be associated with several remodeling fields that have
quite different behavior. A single muscle, for example, is often attached
onto a widespread surface within which some areas undergo resorption
while other immediately adjacent regions are depository. All areas have
a common vascular supply, the same nervous innervation, and so forth.
How muscles can attach directly onto resorptive bone surfaces was previous-
ly described in relation to the resorptive side of the alveolus. Also, fields
of tenston frequently pull in one direction while the underlying bone
grows in another. There is no doubt that stresses can serve as a trigger
for remodeling (category 2 above). How this is translated into an actual
tissue response by the next sequential factor in a chain of contrel factors
is not now understood. Processes such as the piezo effect are often suggest-
ed. It is also possible that stresses may function in a strictly supportive
or secondary role in some instances.

HEREDITY. The two conventional conceptual extremes are well
known: genes serve to directly or indirectly govern most skeletal and
growth remodeling activities throughout life, or gene action is not involved
beyond the early establishment of the fetal skeleton, and other (presumably
biomechanical) factors then determine the course of activity. The geneticist
“school” counters the latter with the argument that extrinsic forces serve
to variably determine the nature of selective genetic expression and pro-
gramming for that particular tissue according to the changing conditions
present. The biomechanical school responds with the presumption that
insufficient genes exist to account for all of the complex, localized architec-
tural details of all the different bones of the skeleton (see Enlow, 19685,
for a further evaluation). These arguments will continue until the basic
nature of the complete, overall control process itself becomes satisfactorily
explained, and such arguments as the foregoing will then become mean-
ingless. At the present time, many investigators attempt to draw a line
at some theoretical point between heredity and environment. Why, at
this time, must we be required to do this at all when the basic information
needed is still insufficient? Whatever might be the variable balance between
them (and also the other factors described below), it is apparent that
any genetic influence must become expressed by osteogenic soft tissues
and not by the components of the actual hard part of the bone itself.
With regard to the classification system described above, the factor of
heredity can be identified with the last three categories.



HORMONES. These are systemic control factors, and we are presently
concerned with local mechanisms of tissue regulation. With regard to
the classification system, however, hormones would be represented largely
by category 2 or 4. See also under “chalones” below.

NUTRITION. Although nutrition is largely a “supportive” rather than
a primary agent in the sense used here, its importance in periodontics
and prosthodontics is of course basic (Israel, 1967; and Garn, 1970).

INDUCTION. The introduction of this principle nearly a half century
ago was regarded as a major conceptual breakthrough, and it created
a great deal of interest and excitement in developmental biology at the
time. The induction concept, however, has been largely dormant in our
own field of bone physiology for many years but has recently experienced
a major revival (Urist and Strates, 1971). The process itself describes the stimu-
lating and triggering effect of one tissue directly on another contiguous
tissue. The physiochemical agents involved are still virtually unknown.

A single “inductor” substance, historically, was sought which would then
presumably represent the universal bone tissue control agent. This notion
is now realized to be naive since a complex or a chain of factors must
be involved. In transplant studies of tooth buds into the developing con-
nective tissue of the skin in hamsters, Hoffman ¢1960) observed that these
buds exert a definite organizing (inductive) influence and result in the
differentiation of a periodontal membrane and alveolar bone tissue from
the connective tissue anlage.

Induction is 2 “title” for a control process (category 8), and its mechanism
of actual operation is not accounted for. The importance of the process
itself, however, must be recognized.

NERVES. A great deal of evidence has accumulated that nerve fibers
can in some (but not all) circumstances be directly implicated in a chain
of control-response actions during bone growth or remodeling (Moss, 1971).
This is believed to involve the production of a neurotrophic humor (an
undetermined hormone or enzyme) which is secreted at a nerve ending,
either sensory or motor. Different nerve-muscle-connective tissue-bone
pathways appear to be involved. This substance(s) appears to have a specif-
ic inductive effect upon selectively sensitive tissues in localized areas.

This hypothesis is attractive and, in principle, represents a multifac-
torial approach to the overall problem of control that is promising. It
should not be presumed to be a total explanation for growth control
but may well prove to be a significant part of the overall regulatory
process.

VASOMOTOR CONTROL. While undoubtedly involved during tissue
differentiation and remodeling, this process can only represent an inter-
mediary factor. It can be classified under either 2 or 4 above. Vasomotor
influence may be expressed several ways: a hydraulic effect on surround-
ing tissues; increasing or decreasing local supply of nutrients, oxygen,
etc.; temperature control; and (indirectly) endothelial induction and/or
proliferation.

ENZYMES. These are involved as a basic part of any kind of tissue
control mechanism. The problem, of course, deals with which enzymes
and enzymatic chains, and the specific nature and extent of their various
differential activities. It is certain that a complex array of enzymatic agents
plays a variety of selective roles in the overall control process, both in
bone formation (alkaline phosphatase, etc.) and bone resorption. These
cover categories 2 through 4 in the classification system above.

Bone resorption is a two-phase operation involving first the deminerali-
zation of the inorganic matrix followed by the removal of the exposed
organic matrix. Although the mechanisms for these two processes are
entirely different, they usually proceed in concert with each other and
at the same rate. Resorption of the organic phase of the matrix iteself
requires a two-part process: removal of the collagenous fibers and removal
of the mucopolysaccharides of the ground substance. Although general-
ized “proteinases” may be responsible for this entire process, it is likely
that specific collagenases as well as polysaccharidases are involved.

Contrary to most statements in the literature, a total resorption of both
the organic and inorganic phases is not always a required feature of the
resorptive process (Bohatirchuk, 1966; Gussen, 1968a, 1968b). In fact, the mainte-
nance of membrane attachments onto resorptive surfaces in certain areas
depends on a differential process of exclusive inorganic but not fibrous
removal (Enlow, 1968a).

When the organic matrix is destroyed during resorption, various en-
zymes are believed to be the agents that are directly involved (McLean
and Urist, 1955). Vaes (1968) has proposed that acid hydrolases of lysosome
origin are specifically responsible for this function. Kaufman, et al. (1966),
using H*-hydroxyproline, have shown that a “collagenolytic facror” occurs
within the bone substance which is undergoing active resorption. The
presence of collagenase in compact bone has also been reported by Lapiere
and Gross (1963). Aminopeptidase (Lipp, 1959) was identified in those osteo-
cytes associated with the process of lacunar osteolysis (this special resorp-
tive mechanism is discussed later). The possible protective properties of
fluoride, interestingly, have been explained by Rodan and Anbar (1967)
as the direct inhibition of such enzymatic actions. Goldhaber (1957 also



states-that fluoride functions either to interfere with enzymatic cell activi-
ties or to “stabilize” the bone mineral. Sognnaes (1965) has even suggested
that a topical application of sodium fluoride can be used for the treatment
of localized bone resorption.

With regard to the trigger which acts to stimulate the secretion of
enzymes involved in bone resorption, Stern, et al. (1963, 1955}, Goldhaber
¢1963), and Walker, et al. (1964) believe that parathyroid hormone functions,
at least in part, to increase the production and the release of those enzymes
having a specific collagenolytic action. Talmage (1967}, however, maintains
that parathyroid activity serves largely to stimulate the differentiation
of additional numbers of new osteoclasts from “mesenchyme,” and that
the overall effects of the hormone are due to this action rather than
any increased secretory output by the osteoclasts already present.

TEMPERATURE. Local changes in tissue, cellular, and intercellular
temperature levels by vascular control and by local muscle or metabolic
activities have long been known to exert a wide variety of physiological
effects in most tissues. As a control factor, however, temperature takes
part in an essentially intermediary, supportive, or catalytic capacity. In
some instances, temperature changes are merely an effect rather than
a cause.

FEEDBACK MECHANISMS. These are certainly invalved. There are
many different types of self-regulating feedback systems among the dif-
ferent functional and biochemical interrelationships of body parts and
organs. These include physiologic balances (as in ionic calcium regulation,
Buckle, 1970y and tissue adjustments (as in coordinated bone/mus-
cle/nerve growth). The neurotrophic process previously discussed utilizes
a direct feedback system. The “feedback process,” of course, is a title
for a process and does not account for the actual modes of operation
of the process itself (category 3).

THE pH FACTOR. The relative acidity of the bone surface milien
has long been regarded by some as the direct causative agent that accounts
for bone resorption, and it is also believed to be involved in bone formation
as well (Basset, 1962). An acid (perhaps phosphoric acid), presumably secret-
ed by osteoclasts, for example, has been cited as a possible means involved.
Such concepts in general, however, have undergone a number of modifica-
tions that require sophisticated biochemical cycles and which may also
involve a number of agents, including chelators. Whether or not pH
itself is a direct resorptive factor, as in the solubilization of mineral, is
not clear, but hydrogen-ion potential may be closely related to the recent
concepts involving electric charges on bone surfaces. However, it is well
established that bone resorption is 2 two-phased operation, as previously
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noted, and that the mechanisms that bring about the organic part of
resorption are separate from those involved in the removal of inorganic
portions. McLean and Urist (1955) and Nichols, et al. (1965) state that resorp-
tion first requires the extraction of the mineral by a change in pH or
the liberation of a chelating agent. This is followed by resorption of the
exposed organic matrix (fibers and ground substance) by enzymes. In
a recent tissue culture study, Vaes (1968) demonstrated the removal of
organic components from bone by the acid hydrolases of lysosomes and,
in the same culture, release of minerals by the “acids” presumably associat-
ed with glycolysis. :

OXYGEN LEVEL. The proximity of a capillary has a direct influence
on the determination of the immediate site of initial ossification in an
area of bone formation. Relative extracellular oxygen tension levels to-
gether with ionic calcium levels, nutritive supply, and the stimulus of
localized enzymatic agents are all involved. Bone characteristically devel-
ops, and calcification proceeds, at a place of origin that is the geometric
point farthest removed from neighboring blood vessels (Enlow, 19682). Func-
tionally, the osteogenetic process could only proceed in this way since
it is not possible for deposition to begin adjacent to the vessel and then
continue in a peripheral direction away from the vessel. In a series of
in vitro studies, Bassett (1962) has shown that oxygen tension directly influ-
ences the selective development of a bone/cartilage type of matrix. He
found that formative cells can behave either as chondroblasts or osteoblasts
depending upon the availability of oxygen. Fell (1952) had previously shown
that direct transformation from cartilage to bone can occur in cultures.
Cartilage, in contrast to bone, is a nonvascular type of tissue that can
exist in the absence of a covering membrane (as in the articular cartilage),

DIFFERENTIAL CELL RESPONSE. This consideration is a definite
factor in control, but it is a “title for a process” and not explanatory
of the actual mechanisms involved (category 3). What provides the direct
control for the variable sensitivity of cells to stimuli, and in turn, the
behavior and response by the cell? Genetic programming, membrane per-
meability, nuclear-to-plasmalemma links, differential enzymatic exposure,
and many similar factors must all necessarily be involved.

DIFFERENTIAL MEMBRANE PERMEABILITY. Like the preceding
factor, membrane behavior is certainly involved but must itself be ex-
plained. The subject of membrane physiology represents a vast field of
present-day investigative effort, and the nature of membrane models and
the agents of differential membrane control are of great interest and
importance. Unfortunately, these subjects are generally poorly represent-
ed and understood by most bone biologists.



CYCLIC AMP. The multiple functions of this substance as a hormone
intermediary are directly relevant to bone remodeling control. Also, its
role as a mediator between nucleus and cell membrane is to be regarded
as significant in differential cellular expressions and behavior in the mem-
branes associated with bone. Cyclic AMP, and other related substances
perhaps yet to be recognized, are now certain to become a focal point
of interest in the field of regulatory biclogy. Bone investigators should
keep close watch on forthcoming advances.

BIOELECTRIC POTENTIALS. This was the great hope of the 19607,
and although the long-sought breakthrough has not been forthcoming,
much interesting work has been done and is continuing. The basic idea
is, essentially, that mechanical deformation of the crystalline components
of bone by any given physical stimulus generates a charge (the piezo
effect) which, in turn, affects the surface membrane of bone-forming
and resorbing cells and triggers their activity (Bassett, 1965, 1966, 1968). While
studies have been somewhat encouraging and certainly of great interest,
the premise that this is the control mechanism, as hoped, is still in need
of basic documentation. The practical utilization of this principle for the
clinical control of bone remodeling is not yet in sight.

Most studies dealing with bioelectric relationships have been concerned
with the piezo effect. However, it is possible that charge potentials may
exist in relation to the bone surface which are independent of any crystal-
stress origin. The characteristic fields of remodeling present in ail bones
(Enlow, 1968a) may be related (either as cause or effect) to corresponding
electric “fields.” Although the nature and origins of such electric potentials
are still speculative, such distinct bioelectric fields do exist (Friedenberg, et
al., 1971). The latter investigators have shown that positive and negative
“field potentials” are correlated with resorptive and depository remodeling
fields. Basic work now needs to be done in order to determine any possible
trigger-response relationships.

INHIBITORS AND STIMULATORS. An interesting concept that has
emerged strongly in the last decade dealing with the remodeling and
growth control of soft tissues is that these tissues in effect are programmed
to undergo cell division and differentiation at maximum capacity. Regula-
tion is provided by variably inhibiting or suppressing the growth activities
of some selected, localized cells or whole communities of cells. Inhibition
is provided by a newly recognized kind of local (not systemic) “hormone.”
This mode of remodeling control has been worked out and documented
in studies of cutaneous growth and differentiation (Bullough, 1967). The
inhibitor itself has been termed a “chalone,” and the principle involved
is currently of great interest with regard to other types of tissues. It
has been suggested that “stimulators” may also exist as counterparts or

antagonists to such inhibitors. Remodeling, growth, and differentiation
would thus be controlled by a composite process of mitotic acceleration
and bhraking at selective, localized sites, thereby providing proliferation
as well as differentiation and, also, coordination between different grow-
ing, changing tissue masses.

These control mechanisms represent, in effect a local tissue counterpart
of similar “balance” systems at the systemic level. For example, parathyroid
hormone and thyrocalcitonin provide such reciprocal, antagoenistic, stimu-
latory and inhibitory functions (Friedman and Rais;, 1965). It has long been
a visionary goal of investigators to develop two such simple single sub-
stances that, when administered 10 a patient in a controlled way, can
either accelerate deposition or resorption selectively. Pechet, et al. (1967)
state that thyrocalcitonin and neutral phosphate represent, at least theoret-
ically, two such substances.

EFFECT OF REMODELING CHANGES ON SUBSEQUENT
GROWTH PROGRAMMING. A basic and important question is whether
remodeling alterations of bone (nawral or experimental) can affect and
directly change the future course of remodeling activity or, conversely,
whether subsequent remodeling will proceed according to an already pre-
scribed program which is not influenced by any subsequent remodeling
events. This is of great interest and significance to the clinician since
the structural effects of treatment can become lost if Furure changes pro-
ceed independently of clinically induced alterations. The answer to this
question will not be forthcoming until the question of the basic control
mechanism itself is resolved.

GRAVITATION. Many accessory factors such as gravity exist that are
known to affect bone remodeling in a secondary manner. They can have
importance in their own right, such as the field of skeletal physiology
involved in space medicine. Reduced gravitation, lessened body weight
on the bones, decreased muscle pull and its effects because of reduced
weight, lessened muscle tonus and lack of body-to-ground contacts are
all believed to have biomechanical effects resulting in bone loss (Basset,
1966). As in all control systems, however, the basic mode of actual operation
cannot at present be explained.

THE FUNCTIONAL MATRIX. This concept (Moss, 1971) has been of
considerable interest and value to the bone biologist because it has called
special attention to the real location of control within the soft tissues
associated with the bone rather than the bone itself. It had long been
customary to view bone as a more or less independent anatomical unit
that remodels as a consequence of its own intrinsic control. Bone, however,
is a product of the enclosing soft tissues, including the periosteum, and



it is entirely dependent upon them for the source of virtually all direct
remodeling activity. Reciprocal feedbacks between bone and soft tissue
exist, however, so that the combination represents a mutually interdepen-
dent control system.

The functional matrix concept is a descriptive title that, in effect, is
synonymous with the “control process” but does not explain the underlying
nature of its operative mechanism. One must not misuse this concept,
thus, in a way that implies that the functional matrix is the actual regulatory
process itself (rather than those control agents that constitute the function-
al matrix), and that it accounts for the details of remodeling control.
The functional matrix is a description of the basic process of control and
not an explanation of it.

PHYLOGENETIC CONTROL. A basic theoretical question is whether
or not the factors that have governed the long term evolution of skeletal
features are the same factors which control tissue development from fetus
to old age. Are the phylogenetic control factors that have brought about
jaw “reduction,” for example, the same intrinsic factors responsible for
the prenatal and postnatal histogenesis of the jaws? The answer must
await the basic answers to all of the preceding questions of control.

In conclusion, it is significant that we are entering a period in which
we can, for the first time, meaningfully recognize the basic problem of
localized tissue control and to define it. In itself, this is to be regarded
as a significant advance since our use of misleading concepts, such as
the belief in and the unrestricted acceptance of Wolff’s Law as a virtually
complete principle, have actually retarded effective progress in recent
times. It should be realized that many diverse fields in biology are actively
concerned with essentially the same basic problems of control that we
have encountered in bone biology. Yet, regrettably, we have largely isolat-
ed ourselves as a group and have not always sought out that which can
be profitably offered by many other present-day areas of investigation.
It is quite likely that they will contribute in a major way to the break-
throughs so badly needed in our own field.

ALVEOLAR REMODELING AFTER THE CHILDHOOD
GROWTH PERIOD

Following the loss of teeth, the fundic portion of the socket begins
to fill with osteogenetic connective tissue and progressively developing
fine and coarse-cancellous bone. The alveolar processes themselves begin
to regress, and a variety of characteristic structural types of residual (eden-
tulous) ridges eventually form (Atwood, 1971). This process and the nature
of the resultant residual ridges are of considerable importance since these

ridges are subject to continued remodeling a!tf:rations, particularl}f in
conjuction with dentures. The long term stability of thf; de.nture is at
stake. Because of these factors, much interest currently exists int the basic
physiology of alveolar bone and its normal and abnormal behavior as
a specific tissue type.

Using microradiographic methods, Manson and Luca.s (1962)hav_e shown
that generalized remodeling activity occurs at 2 much higher rate in alveo-
lar bone than in the adjacent corpus of the mandible. Baumhammers,
et al. (1965) also demonstrated, using H3-proline labelling in experimental
animals, more active deposition as well as resorption in alveolar bone
than in the nontooth-bearing bone tissues. The latter investigators related
this to the normal physiological movements of teeth and also to the greater
vascularity of the alveolar processes as contrasted with the denser tissue
of basal bone. They also found, interestingly, that the rate of t?oth forma-
tion and resorption tended to slow with age, a finding similar to that
previously reported by Amprino and Marotti (1964). . '

The extent of overall remodeling activity, in general, is correlated with
the relative extent of the surface bone exposure present (Enlow, 1968a).
Bone “surfaces” can exist in several forms (Enlow, 1963): periosteal and
endosteal cortical surfaces; lining surfaces of cortical vascular canals (the
greater the number of canals, the higher the net rate of internal reconstruc-
tion within the cortex); the lining surfaces of lacunae and canaliculi; and
the surfaces of fine and coarse-cancellous trabeculae. Because the latter
type presents a much larger aggregate surface exposure.thap the others,
the net amount of surface activity is much more extensive 1n cancell_ous
bone, both by resorption-deposition remodeling and by surface ion-
exchange. .

Atkinson (1969) and Atkinson and Woodhead (1968) have called attention
to the above features with respect to alveolar bone. They point out, first,
that alveolar bone is much more porous in nature than basal bone, and
that this is a basic pattern that actually begins in childhood. They then
show that increasing resorption is more evident in the alveolar areas and
correlate this finding with the characteristically more porous nature of
the alveolar bone. The basal bone tissue, which is of a much more compact
type (less vascular), tends to remain dense and, indeed'actually increases
in density with age (Israel reports a similar finding, as dlscusse?l below}.

With regard to alveolar crest recession during aging, Atkinson a_nd
Woodhead (1968) have noted that porosity increases on the buccal s_ude
of the alveolar cortex in the incisor region but not on the lingual side.
This would tend to shorten the arch. In the molar region, density decreases
(porosity increases by resorption) primarily on the lingual side of the
alveolar cortex, thereby tending to widen the arch with age. Israel] {1967)
has shown that overall height of the mandible decreases yet cortical thickness
itself increases at the same time. He states that this occurs over a 40 year



period in males and a 50 year period in females. Further, he reports
that the facial and cranial bones, in general, are unique in that new
bone deposition during long-term aging is in excess of resorption. This,
interestingly, is in contrast to other elements in the skeleton.

As mentioned previously, the physiological nature and functional behav-
ior of the residual alveolar ridge following loss of teeth is of considerable
importance with regard to long-term denture stability. Although recession
of the alveolar processes after dental loss is itself a normal and an essential
process, the remodeling of this ridge can properly be defined as a major
“disease” from the point of view of denture obsolescence. As Atwood
(1971 has emphasized, this basic clinical problem remains unsolved.
Atwood has described the histogenetic process of residual ridge formation.
The periosteal surface of this ridge, in brief, is resorptive in nature and,
following the “V" principle, endosteal deposition of new bone by cancellous
compaction moves the thin cortex in a direction toward the basal bone.
Atwood has also described and classified the various morphological forms
and types of edentulous ridges that are commonly encountered.

In a study of changes following experimental tooth extractions in mon-
keys, Pietrokovski (1970) found that remodeling of the edentulous ridge
is essentially complete within an eight-week period of healing. Beyond
this, the morphology of the ridge becomes essentially stable. He also noted
that alveolar resorption in these animals was limited by the boundaries
of the attachments of muscles. He suggests that, unless some additional
intrinsic or extrinsic factors become involved (such as denture wearing
or systemic disease), adjacent muscle attachment sites impose the normal
limit for the extent of alveolar regression. Sobolik (1960) comments that
many factors can accelerate and extend alveolar bone atrophy, including
diabetes, tuberculosis, duodenal ulcer, hyperparathyroidism, dietary defi-
ciencies, and trauma. That such factors in man can intervene and extend
alveolar resorption is common, and Atwood (1971) states that reduction
of the residual ridge appears to be potentially unlimited and can go on
for years until it extends below muscle attachments, the genial tubercules,
and the mylohyoid line.

As the residual ridge undergoes remodeling regression, surface “de-
fects” are seen to occur on the ridge. The significance of these scattered,
erosive patches is not known, but they appear to be unique to alveolar
bone (Nakamoto, 1968). Nakamoto points out that such defects are not always
merely partially healed remnants of remodeled sockets, as commonly be-
lieved, since they are also observed in non tooth-bearing areas.

Pietrokovski and Massler (1967) have traced the directional course taken
by the alveolar ridge as it undergoes regressive remodeling. They found
that the maxillary buccal plate shifts to a position that is closer to the
palatal plate since resorption of the buccal plate exceeds that of the palatal
plate. This change produces a reduction in arch length (see also Atkinson

|

and Woodhead). In the mandible, the ridge also shifts in a lingual direction
because the buccal alveolar plate resorbs more than the lingual plate.
This change results in a shortening of overall arch length. They also
noted that resorption was significantly greater in the edentulous molar
region than in the incisor and premolar regions, both in the maxilla
and the mandible.

With long term wearing of dentures, Tallgren (1967} reports a continued
reduction of the remaining bone of the ridge. This produces a marked
decrease in overall face height. Anterior rotation of the mandible also
contributes to a reduction in the vertical dimension of the face and, of
course, to increased mandibular prognathism. Significantly, she did not
observe cephalometric changes in the cranial base, upper face, or in the
basal parts of the mandible despite marked alveolar resorption. She also
noted that reduction of the alveolar process was approximately four times
greater in the mandible than in the maxilla.

ALVEOLAR BONE LOSS

If alveolar bone becomes lost or otherwise affected in some severe
manner, the teeth are then lost in turn. Similarly, if a tooth is lost, the
alveolar bone related to it subsequently undergoes destructive resorptive
changes while, at the same time, the fundic part of the socket becomes
filled by a constructive bony buildup. What are the causative and, particu-
larly, the control processes in such contrasting, regionally differential, in-
terdependent responses? As previously described, a great many different
factors or regulatory processes appear to be directly or indirectly involved.
The conceptual obstacle encountered is the same lack of fundamental
understanding of the operation of the complex control mechanisms in-
volved. Unul this dilemma becomes resolved, there will be no way to
design a rationally-based clinical procedure to control the control process
itself. A number of actual and theoretical possibilities exist, however, as
to general causes and the underlying reasons for alveolar bone and/or
tooth loss. These are described below.

Israel (1967) properly points out that two general categories of tooth
loss exist; loss as a consequence of periodontal disease, and tooth loss
as a direct or indirect result of some intrinsic condition or remodeling
change in the alveolar bone itself. It is the latter consideration that is
relevant to the present review.

The “bone factor” has long been regarded as meaningful in diagnosis
and includes whatever pertinent features and characteristics of bone tissue
physiology that exist in a particular individual. Israel {oc. ¢it. emphasizes this
with respect to the findings of Garn, et al. (1966) dealing with “normal
osteoporotic bone loss” and also the experimental as well as the clinically
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observed relationships between osteoporosis and loss of dentition (Groer,
1960; Zipkin, et al, 1965). It appears probable that generalized skeletal os-
teoporosis which extends into tooth-bearing bone can represent at least
one major, primary cause of the eventual loss of the dentition. As is
well known, the broad subject of osteoporosis* has long been one of
the most active but controversial areas in medical research (Frost, 1960,
1963).

Atkinson and Woodhead (1968) and Duterloo, et al. (1971) have proposed
a most interesting type of possible correlation between the nature of the
osteoporotic process and subsequent tooth loss. The mandible and maxilla
(and all other bones as well) have characteristic, mosaic patterns of resorp-
tive and depository “fields” within the covering soft tissue membranes
and the bone surfaces. These fields blanket all periosteal and endosteal
surfaces of the cortex and all surfaces of the cancellous trabeculae as
well. They bring about the progressive growth of the whole bone and,
at the same time, provide the remodeling that accompanies growth (Enlow,
1968a). These fields are, in effect, the actual receptors of any control
factors that act on the bone. The above authors have suggested ostesporo-
tic resorption is an adult continuation and a counterpart of the same
process of resorption that is concerned with childhood skeletal growth.
They state that the geometric pattern of distribution of the porosity
changes in osteoporosis coincides with the resorptive fieids that were for-
merly present in the growing mandible, and they suggest that the os-
teoporotic pattern is directly established by these early remodeling frelds.
They show that, shortly after maturity, signs of involution begin to appear
in the specific areas where resorptive fields had previously occurred during
the earlier growth period. In the human mandible, [urther, they observed
that the distribution of the porous types of bone (which have been shown
to be most involved in resorption) prior to the onset of osteoporosis also
coincide with the distribution of the resorptive growth fields that had
existed during former growth periods of the bone. Atkinson and Wood-
head state that “the pattern of osteoporosis is a direct result of an inbuilt
predisposition to resorption which was established during growth. Such
changes in the hone appear to be a major cause of tooth loss in the
adult rather than the result of it.” They also comment that this esteoporotic
process is not dependent on the presence of teeth but rather is a general-
ized process that occurs in both tooth-bearing and nontooth-bearing
parts of the mandible.

*A method has been newly developed that promises to detect subtle, beginning resorptive
changes on trabecular surfaces of cancellous bone (Oemard, 1972), This procedure might be
used to “predict” the onset of osteoporosis and thereby also predict possible dental losses
in the future as well as the specific locations that are likely to be involved. The method
involves the identification of complex geometric patterns by optical filiering, two-dimensional
Fourier analyses using coherent light.
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Four other possibilities in the etiology of alveolar bone loss, also, should
receive further study. First, Gianelly’s suggested relationship between the
hydraulic action of periodontal vessel dilation and its effect on the alveolar
bone surface (perhaps by the piczo effect) might be involved as a factor
in alveolar regression.

Second, the process of Haversian reconstruction is known to be involved
in the replacement of aging and necrotic bone tissue (Enlow, 1962; 1966).
All bone has a normal life span of several years, depending on the density
of vascularity. When necrocytosis occurs, replacement by secondary Haver-
sian bone eventually occurs. It is suggested that this process of internal bone
replacement within a cortical plate can directly remove that bone formerly provid-
ing periodontal fiber altachment and thereby vesull in progressive release of the
fibrous membrane. The process of osteoporosis itself may, in part, be the
result of an interruption of such a replacement mechanism. That is, the
resorptive phase of Haversian reconstruction occurs, thereby producing
widespread, enlarged Haversian erosion spaces, but the subsequent deposi-
tory phase does not follow so that the cortex becomes reduced to a porous
state.

Third, the destructive process of “osteolysis” (Bélanger, 1970), which is
a localized process of resorption of the bone matrix by lysosome-loaded
osteocytes (not osteoclasts) in the immediate areas surrounding these cells,
is known to occur in normal physiological conditions as well as in diseases
characterized by excessive resorption (Whalen, et of., 1971). The latter investiga-
tors have attempted to show that such localized resorption can produce
a widespread, aggregate resorptive effect. Baud and Auil (1971), important-
ly, report that “alveolar bone is a preferential site for the development
of osteolytic changes.”

Finally, a study by Gussen (19684) is of considerable interest. She describes
for the first time a previously unrecognized type of bone remodeling
or, more properly, cortical reconstruction. This process was observed in
the labyrinthine capsule of the tempora! bone and involves partial or
complete, localized demineralization of bone matrix and a depolymeriza-
tion of the ground substance specifically in perivascular areas. Bone cells
in such restricted regions undergo atrophy, and new osteocytes develop
from the undifferentiated cells associated with the perivascular connective
tissue. Repolymerization of the matrix follows, and this perivascular area
then becomes remineralized. This is a local rebuilding process that does
not occur in all cortical areas at the same time. Wherever it occurs, the
result is bone tissue that is essentially the same as that which had been
replaced. The process itself can thus be difficult to recognize, particularly
in decalcified sections. This unique process has, to date, been observed
only in the bone of the labyrinthine capsule; alveolar bone has not yet
been studied. Belanger, et al. (1963), however, have demonstrated a relation-
ship between osteocyte activity, as in the process of osteolysis previously



mentioned, and the process of bone matrix depolymerization. Further,
Heller-Steinberg (1951) demonstrated that, in such a depolymerized state,
the bone mineral becomes more highly reactive. Although the meaning
of these various studies is not clear at this time, possible relationships
to alveolar bone remodeling are apparent and should now be investigated.
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SECTION REPORT

INTRODUCTION

The Section on “alveolar bone” felt strongly that its purpose was to
discuss and then collate newer knowledge on bone as it applies to clinical
complete denture prosthodontics. There seems to be no need, nor is
it possible in this length of time or under these circumstances to present
a document describing the present day scheme of bone biology in textbook
fashion, but rather it seems better to present some guideiines under which
direction for future clinical practice and research can follow and to ask
some rather important questions which unfortunately are not answered
by the data that we have today.

Aging studies and recent work on osteoporosis were discussed in length
along with the control mechanisms of bone and the present status of
osseous tissue as it is directly involved with complete dentures.

Although the Section could not possibly agree with the divergence of
our backgrounds on all points, it decided not to demand a consensus,
but rather to present some generally accepted concepts along with areas
of major dissent. At various points in its report, the Section asks pertinent
questions which need to be answered. These are deliberately not philo-
sophical, but questions that can be answered with methodologies available
to prosthodontists today.

The goal of this Section has been to relate basic knowledge about bone
to the practical problems of complete denture prosthodontics.

GENERAL PHENOMENA OF ADULT CRANIO-FACIAL
BONE CHANGES

Today special emphasis is being placed upon understanding human
aging. The totally edentulous patient is wrapped intimately in this process
of aging. The skeletal system places enormously restrictive burden upon
the individual when it begins to fail as it often does in older age, especially
in females.

It is now known that many bones in the postwcranial skeleton, that is
the skeleton below the cranium, waste with age. After about 40 years
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of age, bone destruction exceeds formation with a net result in thinn
bones which become increasingly less capable of maintaining a supporti
function. In bones such as the {emur, metacarpal, radius, ulna, and ri
subperiosteal apposition exceeds resorption and endosteal resorption €
ceeds formation thereby giving an enlarging diameter effect along wi
the thinning of cortical bone. Trabecular alteration occurs concommitant
and this involves reduction in numbers of trabecular, and thinning .
the trabecular, and reorientation in direction of the remaining trabecula

Now it is felt that the cranio-facial complex is no exception to tt
aging process. Recent studies in white women over the age of 25 ar
up to the age of 90 years give clear evidence that the skeleton of tt
neural and visceral cranium continues to grow throughout life. This pote:
tially has significance relating to the field of complete denture prosthodol
tics though it will be necessary to amplify the initial results of this tot
concept in light of the possible effects.

To summarize some of these observations, surface apposition and
soTption seem to be the method bringing about these changes. The cran
um in the frontal region thickens about 12 to 14% while the more dist:
parietal and occipital sections are less prone to this effect. Overall neurc
cranial skull diameter also increases, but only about 6 to 8%. Both th
outer diameter and the cranial cavity demonstrate expansion. The fach
compartment although of limited evaluation shows the same magnitud
of change as does the mandible and the cranial base. The frontal siny
and the sella turcica enlarge but their change is greater than face, skul
or mandible, and in the range of 10 to 15%,.

In essence then, the cranio-facial complex is in a state of growth th rougk
out life. The entire system scems to be involved by symmetrical enlarge
ment. For example, studies have shown the mandibular body increase
in its gross diameter 6 to 8%, but neither age nor loss of teeth hav
been shown to modify the mandibular angle over extended time. Th
loss of teeth does nat appear to alter the condylar and coronoid processe
as usually depicted in anatomy texts. In all likelihood the mandible thicken
with age as it enlarges in other dimensions. This then leaves the tooth bearin
process as the area where the well known pronounced bone loss changes car
occur concurrently to the overall enlargement of the jaw. At the present timu
there seems to be no way to separate the alteration in tooth bearin
bone on the basis of either age and/or periodontal disease alone.

Whether continuing cranio-facial growth during adulthood profoundt
influences prosthetic dental management is problematical but the overal
aging concept of the cranial skeletal is now clear, just as are the simila
alterations in the appendicular and axial areas. We have interposed :
few questions at various points in this report.

What age, sex, and race factors are operational in residual bone loss?
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ALVEOLAR BONE

The Section objected to the term “alveolar” in the edentulous subject
and preferred the term “residual bone” for the following reasons:

1. There are no longer any alveoll in the edenrulous subject.

2. Morphologically (both grossly and microscopically), one cannot differen-

tiate between “alveolar” and “basal” bone in the edentulous subject.

3, Physiologically, one cannot differentiate between “alveolar” and “basal”
bone in regard to such entities of bone as osteocytes, osteoclasts, osteoid
seams, tetracycline and vadioactive isotope uptake, vascular channels,
ete.

. Residual bone is that bone which remains after the teeth are lost.

. The residual ridge is the residual bone and its soft tissue covering.

GROSS MORPHOLOGIC CHANGES OF ALVEOLAR AND RESID-
UAL BONE.

oo

. There is some evidence that even if teeth are retained, the periosteal
circumference, or superior-inferior height of the mandible decreases
with aging.

2. Incomplete data exists with respect to changes which occur when teeth
are lost and no dentures are worn. Available data and clinical observa-
tions suggest a lesser loss of residual bone in nondenture wearers than
in denture wearers.

3. With loss of teeth and the insertion of dentures, there is commonly
bone loss. The magnitude of this loss is extremely variable and we
have no way at present to identify those who will lose minimal bone
loss and those who have a rapid, progressive loss of residual bone.

4. We must more carefully look at available data and collect new data
in an attempt to clinically identify those problem patients, i.e., those
who rapidly lose bone following tooth loss.

HISTOLOGIC CHANGES IN EDENTULOUS ADULT MANDIBLE
(RESIDUAL RIDGE). There are no unique histologic features of mandi-
bular alveclar bone. It is composed of various forms of cortical and trabe-
cular patterns. However, in edentulous adulis it has been observed that
all varieties of bone patterns, from dense cortical to fine trabecular, exist
in the residual ridge area,

We do not know the relation between these various bone patterns and
the sequence of modeling and remodeling events which occur following
tooth loss. These must be studied.

Biomechanically, although one can theorize a number of relations be-
tween these various bone types and different types of changes in forces
applied to the mandible after tooth loss, actual data on such changes
in forces in the mandible are not available.
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Moreover, we do not know the difference in the histologic and hist
namic nature of those patients who rapidly lose bone after denture in
tion and those who lose little bone.

Questions Which Need To Be Answered,
What type of bone is most conducive to maintain residual bone?

Is there any way to make a prediction about ridge maintenance
any given patient?

What is the life history of the reduction of residual ridges? How d
the bone remodel?

What is the relation between the type of bone at the resorptive mar
of the residual bone and the rate of reduction?

OSTEOPQROSIS

Osteoporosis is a disease of decreased bone quantity and/or qua

which diminishes the capability of the skeleton to function as a supporti
structure.

Morphologically, ostecporosis is characterized by thinner cortices, th
ner and sparser trabeculac with resulting increased marrow cavity si
Osteoporosis can be thought of as:

OBTEOPOROSIS OF AGING. All individuals experience a continu
progressive loss of bone mass following skeletal maturity. The gene
mode of loss is similar in nearly all bones studied. The mandible, followi
tooth loss, is an exception (i.e., periosteal circumference decreases here

PATHOLOGIC OSTEOPOROSIS. Bone loss resulting from recogniz

conditions, €.g,, senile osteoporesis, postmenopausal, hyperadrenal cc
tism, thyrotoxicosis, etc.

.LOCALIZF_D OSTEOPOROSIS. Local bone loss occurs following suc
things as denervation, muscular atrophy, immobilization, etc., indepe;
dendy from a generalized systemic loss of bone.

Questions Which Need To Be Answered.

Is there a relation between generalized skeletal loss (osteoporasis) an
reduction of residual bone following tooth loss?
How much is edentulous mandibular bone loss secondary to dentur

wearing? What evidence signifies correlation between mandibular bon
lags and dantnira wwanwian
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CONTROL FACTORS

There are numerous suggested control factors at the genetic, systemic,
and local level for the control of modeling and remodeling behavior.
It appears from available evidence with respect to loss of residual bone
following tooth removal and insertion of dentures, that we are dealing
primarily with local control mechanisms. This does not, however, preclude
the possible effects of systemic and genetic factors.

Some of the local control mechanisms which have been experimentally
investigated include biomechanical factors, neurotrophic factors, vascular,
chalones—local hormones, enzymes, pH, bioelectric potential, gas tension,
temperature, nerve and neuromuscular reflex.

With respect to complete denture prosthodontics, we have little knowl-
edge about how this wide variety of local control mechanisms may cause
reduction of residual bone.

PROSTHETIC FACTORS

The development and maintenance of the alveolar process is directly
related to the eruption and presence of the dentition. The occlusal pres-
sures are translated into [orces expressed through the periodontal mem-
brane. Proprioceptive and biemechanical stimuli may be instrumental in
the maintenance of the alveolar process.

Two concepts have been advanced concerning the question of the inevi-
tability of loss of residual bone. One contends that when the teeth are
lost, there is a variable progressive residual bone loss. This modeling
is regarded as a direct consequence of the elimination of the functional
demands imposed by the teeth through the pericdontal membrane.
Further, according to this concept, the resorption of the ridge is a typical
phenomenon, and the lack of resorption represents an atypical conditon.
The other concept maintains that residual bone loss is not a necessary
consequence of tooth removal. The rate of hone loss is highly variable,
dependent upon a series of poorly understood factors.

Imposition of a prosthesis introduces alien forces into the oral cavity
and creates (as far as the residual bone is concerned) a functional situation
which is totally contradictory to that encountered in jaws bearing teeth.

The problem confronting the prosthodontist is to determine the mecha-
nisms through which the loads twransmitred through the prosthesis are
translated into resorption and to develop a technique for arresting the
resorptive mechanism. This resolution is probably dependent upon a de-
termination of the nature of local control factors affecting bone remodel-
ing.

Alveolar Bone
CONCLUSION

dorllttiacgﬁii;snoivslgrs éhat current practices in complete denture pros
Tomtes ved the problem of the maintenance of residual b

herefore, new approaches must be continually sought to accom
thltsjen.? while gontlnuing to examine and re-evaluate those known facl'
bon:[:v:u;hu::n: as“bone physiologists can tell us how to build he
; thé v 0 a thgt we can to conserve bone. In the meant

ony base on which we build our occlusion chan es, th

complete denture occlusion must necessarily change g5, e
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DISCUSSION OF REPORT

Following the reading of the Section’s report by Atwqod, a motion
was made by Henderson and seconded by Applegate for its acceptance.
The motion was approved by the General Assembly.

RE: GENERAL PHENOMENA OF ADULT CRANIO-FACIAL
BONE CHANGES

Ramfjord took exception to the statement, “Recent studies in white
women over the age of 25 and up to the age of 9¢ years give .clear
evidence that the skeleton of the neural and visceral cranium contmu}fs
to grow throughout life.” Ramfjord stated, f‘I would like to hear the
definition as used for growth versus remodeling an_d other growth pro-
cesses in bone that are related to remodeling. It is a new concept to
me that the mandible grows throughout lifetime.” Atwood rephefi that
studies conducted at the Fels Research Institute, and reported in the
literature, would appear to substantiate this statement. (Israel, 1967, 1968},

RE: GROSS MORPHOLOGIC CHANGES OF ALVEOLAR
AND RESIDUAL BONE

Ramfjord questioned the statement, “There is some evidenc_e th.at even
if teeth are retained, the periosteal circumference, or superllor-mferlqr
height of the mandible decreases with aging.” He fe_lt certain that tl’;]ls
is a result of periodontal disease and proposed that it be addec;l to the
record that this commonly occurs as a result of the presence of perllodomal
disease. Ramfjord added that there is no evidence to show that this occurs
in a totally healthy mouth. Atwood cited the work of Israel (1967) to support
the statement. Ramfjord asked whether the referlence had peen vt_erlfllid
with regard to the presence or absence of perllodonta.l disease in t g
subjects studied. Enlow replied that the refereml:e in question was re}?ort‘;:l
by Israel and that Israel had included a periodontal evaluation mht e
study. Enlow further stated that as he mt_erpret_ecl the reference, t ere
was a decrease in the overall mandibular height with respect to the n_lamlla
that may occur even in addition to the presence of periodontal disease.
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Ramfjord replied, “Dr. Charles Williams did a number of studies in
area in the early 1940's at a Chicago museum (Williams, 1954) and he
not find any such changes in skulls which appeared to have been fr
healthy individuals. 1 would like to have that reference added to
minutes when published because the statement should not stand uncl
lenged since it isn’t true.”

Perry asked for a reference to support the statement, “Incomplete d
exists with respect to changes which occur when teeth are lost and
dentures are worn, Available data and clinical observations suggest a les
loss of residual bone in nondenture wearers than in denture weare:
Atwood cited the work of Campbell (196 and indicated thac it wa

cross-sectional, not a longitudinal study, and that further research ¥
needed.

RE: HISTOLOGIC CHANGES IN EDENTULOUS ADULT
MANDIBLE (RESIDUAL RIDGE)

Ryge asked if it was not established that corrical bone was more comnc
cive to the maintenance of the morphology of the particular locati
of the jaw than was the alveolar bone or trabecular bone. Atwood €o:
mented that the section was unaware of any study which correlated t
history (l.e., biopsies) of the bone with the rate of reduction.

RE: CONTROL FACTORS

Zander stated, “I noticed that neither here nor anywhere else is the
mention of a number of experiments that are in the literature whe
ridges have been rebuilt, such as the studies by Boyne for instance, whe
he used bone marrow in some kind of a skeletal form to build a ne
ridge. (Boyne and Mikels, 1968; Veoger and Boyne, 1969). It seems that througho:
this report, and also here, you discuss losses of residual tidge, but r
place have you entered into the factors that aliow us to build a ne
ridge. Was this done intentionally?” Atwood commented that the sectic
directed its attention to preservation of the residual bone and that rebuilt
ing ridges could well have been discussed along with a lot of other facto
that were undoubtedly left out. In regard to the reference by Boyn
Enlow stared that the concept of transplanting bone material to sers
as an inductive stimulus was discussed bv the sectinn
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RE: CONCLUSION

The objections of the section to the term “alveolar bone” in the edentu-
lous subject and preference for the term “residual bone™ was discussed
by the General Assembly. Ramfjord stated, “We cannot abolish the use
of the term alveolar bone the way its defined, i.e., the bone which inserts
the periodontal membrane and receives the pressures of the teeth. You
can only clarify the uses and the differences between alveclar bone and
alveolar process, but you cannot vote to abolish a well established term.”
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REVIEW OF LITERATURE

HANS GRAF

For all aspects of dentistry, it is necessary to understand the relationship
between the patterns of mandibular movements and occlusal form (Ramfjord
and Ash, 1971). Our knowledge of the biomechanics of functional and non-
functional movements, however, is still inadequate. The gap of knowledge
is particularly apparent regarding the relationship between neuromuscular
function, mandibular movement, and occlusion of natural and artificial
teeth (Akigren, 1966).

A purely mechanical concept of the movements of the mandible is
out of date, because it disregards the influence of the neuromuscular
system. On the other hand, normal function and functional disturbances
cannot be explained entirely on a neuromuscular basis (Posselt, 1968).

In order to describe the biophysical interactions of the functional compo-
nents of the masticatory system as related to complete denture occlusion,
a simple diagram modified after Fréhlich (1966) may serve as a thinking
model.

COMPLETE DENTURE
OCCLUSION AND BASE

/ NERVOUS SYSTEM

TEMPOROMANDIBULAR JOINT MUSCULATURE

\_/

The three peripheral components are functioning in direct biomechani-
cal relationships during movements of the mandible and the associated
soft tissues. Each arrow indicates the influence of one component on
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the other that may be taken up for discussion using available clinical
or experimental evidence.

The peripheral components provide the sources of information for
the afferent input to the nervous system with its subcortical and cortical
centers, in turn activating the musculature.

BASIC CONCEPTS OF NEUROMUSCULAR PHYSIOLOGY

Jaw movements are brought about by the integrated activity of large
portions of the nervous and muscular systems. In the cerebral cortex,
functional activity is organized with outflow in the corticobulbar and corti-
cospinal tracts to the major muscles involved in producing mandibular
movements. From animal studies, jaw movements have been elicited from
the motor cortex and a great number of subcortical brain centers, includ-
ing the limbic system (Schirer, 1970} A sensory flow back to the nervous
system, probably indicating the position of all of the structures engaged
in mandibular movements, was reported by Kénigsmark (1970, This al-
lowed other centers such as the cerebellum to project the necessary im-
pulses for a smooth flow of motor activity. Current knowledge on neuronal
circuitry has been reviewed with regard to mandibular movement in gener-
al (Kawamura, 1968; Remfjord and Ash, 1971), mastication (Kewamura, 1946; Scharer,
1970), speech (Kinigsmark, 19703, and deglutition (Doty, 1968). It has recently
been expressed in the conclusions of a review on the neurcanatomy of
speech; “it is clear that, although much has been written about brain
stem structures in animals, little is known about these structures in man”
(Korigsmark, 1970).

The most recent theory of neuromotor activity (Smith, K. V., 1961) stated
that, “sensory feedback organized in space and time dynamically links
and controls the receptor and motor system of an organism. This control
is accomplished at three levels; a. control of postural movements in relation
to gravity, b. transport mevements in relation to bilateral differences in
stimulation: and c. manipulative movements in space.” According to this
formulation, any disturbance in the neurogeometric organization of mo-
tion may be expected to result in new patterns of perceptual-motor func-
tion (Fletcher, 197¢). Application of this theory to studies of mandibular
movements in subjects with natural and complete denture occlusion might
lead to a better understanding of sensory feedback mechanisms as well
as improvement of therapeutic precedures.

It has been well documented that efferent neural systems are dependent
upon afferent systems for appropriate function (Hardy, J. C., 1970). For ex-
ample, Houk and Hennemann stated that, “Complex movements require
the participation of many types of feedback . . ' (Hardy, J. C., 1970). They
pointed out that sensory receptors in the skin of moving body members
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seemed to be required for exploratory behavior and grasping, and that
a large part of muscular activity in general seemed dependent upon visual
information. Even though specific examples may be given for some types
of activides, the integration of all afferent information that influenced
any act is exceedingly complex (Hardy, J. G, 1970).

. Positive research findings that show the integration of afferent informa-
tion necessary for efferent patterning are so numerous that a physiological
separation of efferent and afferent mechanisms in the normally function-
ing human seemed untenable (Hardy, J. C, 1970). Although sensory and
motor systems may be identified anatomically, their interaction is so neces-
sary for appropriate muscular patterning that phystologically they must
be considered in terms of “sensory-motor systems.”

From the neurophysiological standpoint three distinct systems have to
be considered in studies concerned with sensory-motor functions (Hardy,
I. ¢, 1970),

Reflex—characterized by relatively direct visceral or somatic (skin, mucosa,
muscle, tendon, etc., receptors) connections with peripheral efferent
Nnerves.

Tactile—proprioceptive information transmitted to the cerebellum for
coordination of muscle activity.

Semesthetic—somatic or visceral touch pressure systems and kinesthesia
associated with conscious sensations and discriminative dimensions
(Mountcastle and Darian-Smith, 1968).

MUSCLE RECEPTORS. Although much more information is needed
regarding the neurcanatomical mechanisms that transduce and transmit
oral afferent information, it has been fairly well established that muscle
spinfiles along with their afferent nerves are prime contributors to proprio-
ception (Hardy, J. C., 1970). There still is disagreement, however, about the
existence of muscle spindles in tongue muscles (Storey, 1967).

Proprioceptive control of the tongue muscle activity via the lingual and
glossopharyngeal afferent nerves was suggested from findings in stimula-
tion experiments by Kawamura, et al., (1967).

.In view of the gamma loop mechanism, the primary afferent muscle
spindles are considered as a potential compensatory mechanism capable
of prediction of the length of the muscle after the reflex delay time
(Ringel, 1970}, and thereby ensure that the response will correspond to the
time when the reflex becomes effective rather than to the earlier time
when the reflex was initiated (Matthews, 1964).

TEMPOROMANDIBULAR JOINT RECEPTORS. Lt has been general-
l‘y.accepted that there are nervous receptors in the temporomandibular
joints (Kewamura, 1964; Ransjd and Thilander, 1963; Thilander, 1961, 1964). Their role
in regulation and control of mandibular motor activity has been recently
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emphasized (Kawamura, 1970; Osborne, 1969). The sensory mechanisms of the
temporomandibular joints are hypothesized to play an active role in regu-
lating the tension and length of jaw muscles, the position of the mandible,
the maintenance of the “free-way space,” and the dynamics of mandibular
movements (Kewamure, 1970). Clinical experimentation has indicated that
temporomandibular joint receptors are involved in the perception of man-
dibular pesition (Thilander, 1961).

MUCOSA AND PERIOSTEUM RECEPTORS. Apart from muscle and
joint Teceptors, the cutaneous receptors in the oral mucosa may play
an important role in the neuromuscular mechanisms of jaw movements.
Grossman and Hattis ¢1967) summarized the variety and distribution of
nerve endings in the mucosa of the gingiva, lip, buccal region, hard and
soft palate, uvula, tongue and floor of the mouth. They agree with Gairns
(1956) that many of these endings are basically the same in form, and
state that a gross similarity existed in the pattern of innervation. They
noted a declining progression of nerve-ending occurrernce, generally from
the front to the rear of the mouth, particularly in the tongue and hard
palate. Lingual sensory terminations were more numerous on the dorsal
than on the inferior aspects of the tongue.

Ringel (1970} discussed the mechanism of sensation in his review: Von
Frev's ¢1895) classical concept of pain, cold, warmth, and touch could not
be substantiated by Sinclair (1955). The differences between the pattern
theory and the specific receptor theory may be explained by Melzack
and Walls (1962) proposal that, *. . . receptors are specialized physiolog-
ically for the transduction of particular kinds and ranges of stimuli into
patterns of nerve impulses and that every discriminable different somes-
thetic perception is produced by a unique pattern of nerve impulses.”
This view has gained relatively widespread acceptance (Ringel, 1970).

It seems clear that information from cutaneous receptors reaches a
cortical level via the lemniscal system. Tactile information must contribute
to conscious knowledge of kinesthesia (Ringei, 1970). However, since func-
tional jaw movements are highly automated motor acts, it is appropriate
to ask whether these receptors are capable of contributing to reflex activity.
Clinical observation (Lammie, Perry and Crumm, 1958}, 1€S(8 with anesthesta of
the oral mucosa (Schaerer, Legault and Zander, 1966), and the work of Kawamura
¢1970) on the mandibular musculature, indicated that exteroceptive oral
afferent impulses (pain} induced consciously or reflexly, spasms or increase
muscle tonus. However, the exact role and relative importance of tactile
stimuli from the oral mucosa in the control of jaw movements needed
Further clarification.

Another possible source of information for deep sensation of the face
are the receptors in the mandibular and maxillary periosteum found in
man in the form of free fiber endings (Sakada, 1971). They may also play
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an important role in the sensory-motor system of mandibular movements
in complete denture wearers.

MUSCULATURE

The musculature of the oral or dentofacial complex associated with
complete denture function may be divided into four groups on the basis
of neural, functional, anatomical, and developmental differences. These
muscle masses are highly interrelated, and there may be considerable
overlaps in one or more of these criteria for classification (Cox, 1970). The
four mlllscle groups of the dentofacial complex include: (1) the muscles
of mastication, (2) the intrinsic and extrinsic muscles of the tongue, (3)
the mue_;des associated with the soft palate, and (4) the muscles of facial
expression, principally those of the lips and cheeks. The physiology of
jaw movements are such that these skeletal muscles are “programmed”
to act in groups rather than as individual muscles. The gross anatomy
can be obtzined from a number of textbooks.

A detailed description of every muscle connected with complete denture
construction was not deemed necessary. It is readily available from a
number of relevant textbooks (Boucher, C. O., 1970; Silverman, 1961; Wild, 1950}.

FUNCTIONAL ANATOMY. It was not realistic to attribute a specific
function to each of the mentioned muscle groups in view of the complex
nature of functional and nonfunctional jaw movements (Ramfjord and Ash,
1971). It would go beyond the purpose of this review to describe the
anatomic features and major functions of each muscle. They have been
treated in a number of textbooks and articles that contain further refer-
ences (Basmajian, 1967; Hickey, Slacy, and Rinear, 1957: Rumfjord and Ash, 1971; Roche,
1963). Most of these authors are concerned with dentulous patients, while
others relate their descriptions to patients who wear dentures (Silverman,
1961; Boucker, C. O,, 1970).

The classical descriptions of mandibular movements in opening, closing,
lateral, protrusion, and retrusion are based upon studies using methods
such as anatomical dissection and electromyography. These are providing
valuable information to serve as a framework for the understanding of
the functional activity. They also are helpful for the examination of com-
manded control movements of the patient.

_ However, in order for complete dentures to be accepted and integrated
in an optimal way by the edentulous patient, the functional muscular
activity has to be understood. Mastication, deglutition, speech, and also
rest, sleep, facial expression, and respiration are associated with mandibu-
lar movements. How movements associated with these activities are per-
formed in the healthy individual with natural teeth, and also how complete

et AR e AP




58 Review of Literature

dentures are being used as tools by the musculature for these functional
tasks, is of great significance for therapeutic success.

TEMPOROMANDIBULAR JOINTS

Numerous descriptions of the functions of the temporomandibular
joints have evolved from anatomical studies and recordings by mechanical
devices, photographic, and radiographic techniques, as well as other special
methods (Preiskel, 1970). The anatomic biomechanism responsible for condy-
lar positions and movements are discussed frequently with regard to their
significance for occlusal relations. With respect to centric relation for
example, the muscular, the ligament, and the osteofiber theory have been
confronted with the most recent meniscus theory by Satzar (1971, stating
that this position, “is determined by the fitting of the discs that acts on
buffers and mufflers simultaneously between the condyles and the front
parts of Glaser’s fissure.”

Normally, when the jaws are closed, the occlusal relationships between
upper and lower teeth determine the position of the mandible against
the maxillae and the relatonships between the condyle, the disc, and
the glenoid fossa. If the contacts are maintained between the upper and
lower teeth, and gliding movements are performed, the contact relation-
ship between the three components of the temporomandibular joint
should be maintained (Ramfjord and Ash, 1970). These movements could be
termed occlusal border movements. Definitions of the normal static and
dynamic anatomical relations emphasized that in maximal occlusal con-
tacts, as well as in all movements guided by occlusal elements, the tissues
in and around the temporomandibular joint space are neither traumatized
by compression nor drawn apart (Gerber, 1971). It seems logical that complete
denture occlusion should aim to maintain or restore this basic physiologic
relation.

Recent clinical experimentation on functional movements of the mandi-
ble have discussed the concept of a tooth-protected temporomandibular
joint (Gibbs, et al., 1971).

KINESIOLOGY

The kinesiology of the mandible related to the maxillae during function
has been described as extremely complex, since it commeonly involves
a combination of movements in the sagittal, frontal, and horizontal planes
{Ramfjord and Ash, 1970}, In complete denture occlusion, the presence of two
foreign bodies in the oral cavity replacing natural periodontal and occlusal
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structures may alter mandibular movement patterns from the normal
healthy individual. However, only a limited number of publications have
been concerned with kinesiology of full denture patients, and none were
found which compared mandibular movements before extraction and
after the insertion of complete dentures in the same individual. However,
a great number of studies have been reporied on subjects with natural
dentitions. Therefore, valid conclusions about complete denture occlusion
as related to jaw movements are very limited.

FUNCTIONAL AND NONFUNCTIONAL MOVEMENTS. The Glos-
sary of Prosthodontic Terms (1968) defined functional mandibular move-
ments as:

1. Alinatural, proper, or characteristic movements of the mandible during
speech, mastication, yawning, swallowing, and other associated move-
ments.

2. Movements of the mandible which occur during mastication, swallow-
ing, speech, and yawning,

Since the major functions of speech, mastication, etc., are specifically
mentioned in these definitions, facial expression could be added as a
functton associated with mandibular movements.

Nonfunctional movements are not defined in the Glossary of Prostho-
dontic Terms (1968). The following are suggested:

1. Control movements, such as voluntary (active}, or guided (passive) ex-
cursions; for example, during diagnostic or therapeutic procedures
(including border and nonborder movements).

2. Parafunctions (Drum, 1950, 1958, 1962), which may be subdivided into occlu-
sal (clenching, bruxism) and oral {tengue, lip, instrument playing, etc.,
habtts) parafunctions.

Brill, et al. (1959 combined empty movements with functional move-
ments, They suggested that nonfunctional movements include, “all occlu-
sions other than those taking place in mastication or swallowing.” They
are differentiated into daytime and nighttime stress occlusions,

The committee report of the World Workshop in Periodontics (Ramfjord,
Kerr and Ash, 1966) has defined occlusion as, “the contact relationship of
teeth resulting from neuremuscular control of the masticatory system.”
This definition seems suitable for complete denture occlusion. The same
Workshop defined occlusal trauma, or trauma from occlusion, as a lesion,
that is, a pathologic state. This definition also seems applicable to complete
denture occlusion. In addition to the cited examples of alterations concern-
ing the tooth, the periodontium, the temporomandibular joint, and the
neuromuscular system, changes of the denture supporting structures must
be mentioned.
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MASTICATION. According to Kawamura (¢1964), and Pritchard (1965),
the complex neuromuscular activities of mastication involve biophysical
and biochemical processes which include the use of the lips, teeth (den-
tures), cheeks, tongue, palate, and all other oral structures to prepare
the food for swallowing. There are marked differences between patients
with complete dentures and natural dentitions, including, a. the mucosal
base instead of periodonial supporting structures, b. the progressive
changes in maxillomandibular relations (Tallgren, 1366), ¢. the migration
of dentures (Brigante, 1965),d. the sliding, lifting, and tilting of denture
bases during function (Sheppard, 1. M., 1968), and e. the different physical
stimuli to the sensory-motor systems. Yet certain characteristics of the
masticatory stroke do not seem to be different (Sheppard, I. M., 1971).

Edentulous patients seemed to preserve the basic masticatory cyclic
movement similar to the ones found with subjects possessing natural denti-
tions (Sheppard, I. M., 1967; Reumuth, 1957). Qbservations, such as the typical
constant rate of chewing (Kawamura, 1964; Briner, 1952), the fixed patterns
as to the number of times a mouthful is chewed before swallowing (Dakiberg,
1961}, the so-called swallowing threshold (Shiere and Manly, 1952), and the man-
dibular side shift (Sheppard, I. M., 1967), may have their neurological explana-
tion in an organizational area for mastication within the anterior portion
of the lateral hypothalamic area, or within the subthalamic region (Schérer,
1976). Previous neurophysiological theories on mastication considered these
movements either completely cortically induced or entirely reflex con-
trofled,

According to Hardy, J. G. (1970} the sensory-motor system influences
the cyclic masticatory stroke pattern. This was related to the instantaneous
energy requirement for trituration (Briner, 1952; Fisch, 1958) and reflex protec-
tion of all tissues involved.

MASTICATORY PATTERNS. A kinesiologic analysis of an Australian
aboriginal girl with natural teeth lead Murphy (1965) to divide the natural
masticatory stroke into six phases; the preparatory phase, contact with
food bolus, crushing phase, tooth contact, grinding phase, and centric
occlusion. A recognizable pattern emerged in this study in spite of a
wide range of variation within the pattern. It confirmed the characteristic
individual patterns of adult subjects with natural teeth found in earlier
studies (Hildebrand, 1931; Eberhard, 1947; Storey, 1967; Ahlgren, 1966).

Ahlgren (1966) compared his findings on children’s masticatory patterns
with a number of studies on adults. He inferred that although a patient
with “normal” occlusion usually has a more regular chewing pattern: than
does a patient with malocclusion of the teeth, a direct relationship between
movement patterns of the mandible in mastication and occlusion of teeth
was not found. Many other factors, such as personality, temperament,
social environment, and food selection are probably more decisive for
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the formation of the individual chewing pattern than the occlusion of
the teeth.

Methods for studying mandibular movements have improved with the
advancement of technology, from simple graphic records (Carisi, 1956; Gysi,
1910; Hesse, 1900), to cinematography (Syrep, 1953), and especially various appli-
cations of roentgenology. The first comprehensive studies of masticatory
movements using cinematography and roentgenomography by Hilde-
brand ¢2931), has been further reviewed in some 200 additional publications
and the 600 works by 300 authors listed in Miiller's (1925) book, Gmndldgen
und Aufbau des Artikulationsproblems.

From Hildebrand's time to the present, a number of motion studies
have been published. The results of these investigations have varied great-
ly. Condyle movements, {for example, have been shown to be first rotation
and then translation (Campion, 1905). According to other investigations (Neva-
hatt, 1956; Sheppard, I M., 1959) the opening movement was not a rotating
hinge movement at all. Obvious irregularities in condylar movements have
been shown by Berry (1959). He described condylar movements as a zig-zag
motion, partly due to the method of the investigation, and also to the
interaction of several muscles as their action started and stopped, or in-
creased and decreased. Opinions differed not only on condylar movements,
but also on movements of the whole mandible.

It is obvious that measurements of mandibular movements on a peint
at, or near, the lower incisors, even in three dimensions, cannot provide
information on the bodily movements of the mandible. Recordings of
condylar movements alone cannot give the entire picture of mandibular
movement patterns.

Changes of occlusal characteristics may influence the three-dimension-
al bodily movement pattern at one or the other, or at alt sites, as theoretical
and articulator studies have suggested. Three dimensional functional man-
dibular movements were first measured at three locations by Kurth (1942)
using a graphical method. From this, and more recent studies (Koivumea,
1961; Messermann, 1867, 1969; Gibbs, et al, 1971), it became more clear that the
typical motion of the working side condyle, the halancing side condyle,
and the mandibular incisor point in all three dimensions, have to be
cpnsidered simultaneously in order to better understand the role of occlu-
sion.

From the results of these four studies on a total of approximately twenty
normal subjects, an attempt has been made to summarize the typical
average motion of three strategic sites of the mandible during the mastica-
tory cycle (using the reports of the authors). During the opening phase,
the incisor point moves downward, and towards the working side. The
working condyle moves forward, downward, and slightly outward. The
balancing side condyle moves with a greater excursion forward, downward,
and inward. The change in direction at the incisor point for closing occurs
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in a continuous curved motion, Early in the closing stroke, the entire mandi-
ble moves more laterally. The working side condyle moves upward, back-
ward, and medially and approaches its terminal position before tooth con-
tact is reached. The working side condyle appears to be nearly stationary
in the sagittal view for the remaining part of the closing stroke, but
moves medially to its closed position. The balancing condyle moves up-
ward, backward, and laterally 1o its closed position.

This extremely simplified, schematic description cannot take into ac-
count that the movements of the three selected mandibular points do
not follow a definite, regular path. Considerable irregularities occur at
the incisor point as well as in condylar movements from stroke to stroke.
The mandible may be considered as a suspended body in space, held
or guided by the anatomical tissue arrangement of the temporomandibular
joints and is moved by the neuromuscular system. During the masticatory
closing movement, occlusal morphology comes into play starting with
“functional feod contact” through to occlusal tooth contact.

The few studies considering complete denture patients (Reumuth, 1957;
Sheppard, I. M., 1967, 1968a, 19685, 1971) did not seem to indicate that mandibuiar
movement patterns are significantly different from persons with natural
teeth.

SPEED. Ahlgren (1966) has comprehensively reviewed the speed of masti-
catory movements. In this study on children, he found greater inter-
and intraindividual variations in the speed of the masticatory movements.
This was in contrast t¢ the more constant form of movement patterns.
“Form and speed of movements,” he stated, “seem to be controlled by
different neuromuscular mechanisms. Form of the masticatory movements
is determined by an early conditioned reflex superimposed on a basic
movement pattern and does not easily change. Speed of the masticatory
movements on the other side is determined by the need of the occasion
and, thus, easily influenced by physical and psychological variables.” Ac-
cording to Ahlgren (1966) the more rapid opening phase (Schuweitzer, 1961;
Sheppard, I. M., 1959) appeared to be a ballistic type of movement with relaxed
antagonists (Carlsiés, 1956), whereas the closing phase appeared to be a rapid
tension movement with antagonistic control.

Ahlgren’s (1966) measurements on variation of speed corroborates the
earlier findings of Fisch (1958), Reumuth (1957;, Sheppard (1959, 19595),
and Ghiringhelli (1961), in that the mandible accelerated strongly during
the beginning of the opening and closing movement and decelerated
towards the turning peint of the opening, and towards the end of the
closing phase. With this decrease of speed, muscular tension development
seemed to increase, producing the chewing force from “functional food
contact” through to the possible occlusal tooth contact (Briner, 1952).
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FORCES. In complete denture occlusion, this masticatory phase was
associated with significant functional forces applied in the mouth (Kaurth,
1942). It was apparent that the generation and disposition of the masticatory
forces to the dentures, the food and all components of the masticatory
system concerned are direct consequences of the direction, force, and
rate of movement of the musculature as it activated the skeletal system.

Apart from alveelar profile conditions, muscular denture guidance and
other retention factors, the stability of the denture largely depended upon
the direction of the food force of mastication (Ledley, 1954), which in turn
depended on three factors: a. the angle of motion during chewing; b.
the characteristics of the food; and c. the placement and the morphology
of the teeth in relation to the morphology and quality of the supporting
ridges and the temporomandibular joints.

These theoretical considerations are well supported by clinical experi-
ences. However, a number of the above stated relations remain largely
untested. Direct measurements of the magnitude of forces, time and direc-
tion combined with mandibular motion, and tracking and recording of
neuromuscular activity are needed to substantiate or evaluate the suggest-
ed relationships.

TOOTH CONTACT. That antagonistic tooth contacts do occur during
mastication in subjects with natural and artificial teeth has been established
by a number of telemetry studies. The functional range of contacts includ-
ed occlusal gliding, both in the final closing and initial opening phase
of the masticatory stroke, once the food has been chewed through. Despite
great individual variations, and variations within the studied subjects, tooth
contacts play a significant role during functional and nenfuctional move-
ments. Feldmann (1971) has reviewed the recent studies on tooth contacts
with artificial dentures, including the works of Yurkstas and Emmerson
(1954), Brewer and Hudson (1961), Kaires (1957, 1959), Woelfel, Hickey and
Allison (1962) and Neill (1964, 1967). The total number of subjects investigat-
ed in these studies was small and limited the conclusions that could be
drawn. Another restriction for interpretation of the findings was the fact
that accuracy of construction of the contacting areas measured was difficult
to achieve. Occlusal contacts were recorded only in selected experimental
contact areas. If, during mastication, no signals were recorded, contacts
in other areas of the dentures cannot be excluded. All investigators found
that tooth contact in complete dentures occurred during mastication on
the chewing side. The frequency of contacts on the nonchewing side
was greater than contacts on the chewing side. With regard to mandibular
position, the dentures used in these studies were constructed so that the
maximum intercuspation or planned contact was in ceniric relation or
the terminal hinge position of the mandible. Other occlusal concepts,
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claiming other condylar or muscular positions as preferable for denture
construction, have not been investigated for occlusal tooth contact patterns.

Occlusal tooth contacts do not give any information about direction
or amount of force developed during their occurrence. Studies measuring
tooth contacts only, not relating them to other parameters, are therefore
limited in kinesiologic interpretation.

SWALLOWING. The physiology of swallowing has a long history of
scientific and clinical interest. A review of selected topics on deglutition
(Weinberg, B., 1970}, and mastication and deglutition (I."letche'r, 1970), covered
this subject. Deglutition in refation to natural occlusion has been treated
extensively by Ramfjord and Ash (1971), .

Throughout these reviews, the independent character of the swal_lowmg
reflex was emphasized. Once the act has been elicited, it runs its full
course without significant proprioceptive modification or control (Doty,
1968). On the other hand, it has been shown that electromyographic swal-
lowing patterns may be influenced by changes of natural (Ramfjord and Ash,
1971y and complete denture occlusion (Tatigren, 1961).

The regular, although not “compulsory,” occurrence of toT)th contact
during swallowing, and c¢ineradiographic observations of mandibular brac-
ing against the maxillae in denture patients (Sheppard, I M., 19594, 195b),
suggests that complete denture occlusion has to be compatible with, a.
mandibular movements, b. the occlusal position achieved, and c. the forces
during deglutition, in order to prevent occlusal trauma (Ramfjord, Kerr and
Ash, 1966). Whether swallowing can, or should, be used to determine the
maxillomandibular relationship desirable for complete denture occlusiop
is questioned. Based upon cinephotographic observations on approxi-
mately 1000 subjects, Sheppard, 1. M. ¢1971) concluded tha.t swz'illovag
can be used to obtain a reference position free of geometric implications.
He introduced the functional term “bracing position.”

BORDER MOVEMENTS. Posselt (1952) showed that border movements
of the mandible of sixty-five healthy young individuals were reproducible
and that all other movements took place within the framework of the
border movements. The passively retruded position of the mandible was
reproducible in the sagittal plane with a variation of 2.6 = 0.8 mm. in
twenty-nine subjects, Nyffenegger, Schirer and John ¢1971) confirmed this
reproducibility in thirty young healthy individuals gnd conch.'lded that
the passive hinge movement had a constant and definite rotathnal apd
reproducible character. The amount of posterior border opening with
pure rotation of the condyles has been determined by various authors
(Carlséd, 1956; Fisher, 1939; Hardy, J. C., 1970; McColium and Stuart, 1955; Posselt, 1952;
and Ulrich, 1896) and found to be between 10 and 30 mm.

The reproducibility of the posterior border path has gained wide accep-
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tance in practical occlusal diagnostic as well as therapeutic procedures.
However, whether the reprodncibility of a mandibular border position
can be used beyond the purpose of maxillomandibular spatial orientation
is still controversial.

Since this reproducibility has been established in healthy young individu-
als only, it cannot necessarily be applied to older patients. Most edentulous
persons have experienced a period with more or less destroyed natural
dentitions, and in the course of this period, pathological changes of the
temporomandibular joints may have taken place (Posses, 1952). Clinical, ana-
tomical, radiographical, and histological examinations suggested that struc-
tural alterations in the temporomandibular joints may occur. The concepts
of reproducible mandibular border movements may, therefore, not apply
to the edentulous person.

REST POSITION AND INTEROCCLUSAL SPACE, Physiologic rest
position of the mandible is presently defined in the Glossary of Prostho-
dontic Terms (1968) as, “the habitual postural position of the mandible
when the patient is resting comfortably in the upright position and the
condyles are in a neutral unstrained position in the glenoid fossae.”

Ramijord and Ash (1971) discussed the complex nature of the underlying
neurophysiology of mandibular positions and the interactivity relation-
ships between the various parts of the masticatory system and the central
nervous system relative to the rest position of the mandible.

The concept of endogenously determined rest position (Bellard, 1955)
being independent of the presence or absence of teeth and remaining
stable throughout life (Utrich, 1896) does not take into consideration a
number of factors that may affect the resting position of the mandible.
Murphy (1967) listed the factors as: a. the periodontal ligament receptors
in the natural dentition, b, the pressure or tactile receptors in the mucous
membrane investing the tongue, c. the ridges and lining of the lips and
cheeks, which are stimulated by dentures in the edentuious mouth, d.
the postural position of the tongue, e. the weight of mandibular teeth
or lower dentures affecting position through gravity, f. the facial muscles
and the relationships of the upper 2nd lower lips, and g. the bedy posture
and the emotional state of the person. In addition to these factors, Posselt
{1968) includes sleep, age, occlusal changes, pain, muscle disease, temporo-
mandibular joint disturbances, and systemic factors. Although many of
these factors have not been subjected to controlled clinical experimental
investigations, there seemed to be sufficient evidence from Atwood’s (1957)
cephalometric investigations, and Tallgren's (1957, 1966) longitudinal stu-
dies, that vertical dimension does not remain stable and can be altered.

A number of investigators have attempted to determine the “normal”
or average amount of interocclusal distance that is present when the man-
dible is in rest position. It would appear that most of the studies attempting
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to make these determinations were undertaken for the purpose of aiding
in the establishment of the “correct” interocclusal distance during extensive
restorative procedures. The results of the studies of Niswonger (1934),
Posselt (1952, Landa ¢1952), Tallgren (1957), and Garnick and Ramfjord
(1962) can be summarized by stating that there was a great deal of variability
in the amount of interocclusal distance between different patients, and
a certain amount of variability within the same individual. The ranges
seemed too broad and the averages too variable to recommend a correct
or “normal” amount that should be restored in any patient. Ramfjord
and Ash (1971) have pointed out that the interocclusal distance can be
as wide as 8 to 10 mm. without being indicative of a disturbance of the
function or health of the masticatory system, and therefore may qualify
as biologically normal. They also warned against the application of average

values to individual persons.

From this literature review it was apparent that our knowledge about
complete denture occlusion and the physiclogy of jaw movements is quite
incomplete and further controlled studies employing scientific methodol-

ogy are imperative.
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SECTION REPORT

INTRODUCTION

Most of the evidence on physiology of jaw movements is based on
studies of dentate individuals. Therefore, this report of the Physiology
of Jaw Movements Section will be concerned with dentate as well as edentu-
lous and edentoprosthetic individuals. Our statements take into account
the biologic variation of the healthy “normal” state, but exclude dis.e:ase
unless otherwise specified. This Section was not concerned with definition
of terms but relied upon the Glossary of Prosthetic Terms, Third Edition,
with six exceptions. The following definitions were agreed upon for the
operational use of the Section.

DEFINITIONS

Mandibuler movements are classified as masticatory and nonmasticatory
movements. The nonmasticatory movements may be tooth contact or non-
contact movements.

Maximum intercuspation, {centric occlusion). Maximum interdigitation
of the teeth on closure of the jaws.

Centric relation. The relation of the mandible to the maxillae when
the condyles are inthe uppermost and rearmost position in the glenoid
fossae. This position may not be recordable in the presence of dysfunction

of the masticatory system. .
Centric relation contact. The first contact of the teeth as the mandible

15 elevated in centric relation closure.

Bennett movement. The translatory movement of the mandible during
its lateral excursions.

Edentoprosthetic patient. An edentulous patient wearing complete den-
tures.

The questions submitled to this Section fell into the following
categories:

. Regulation of Jaw Movemenis.
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2. Factors that Medify Jaw Movements.
3. Recording of Mandibular Pesitions and Movements.
4. Special Questions.

REGULATION OF JAW MOVEMENTS

The regulation of jaw movement depends upon structural elements,
such as temporomandibular jeints, ligaments, anatomy of the teeth, viscoe-
lastic components of muscles, etc. These may be classified as passive com-
ponents of the regulatory system. Regulation of jaw movement is also
under neuromuscular or active control.

"The pathways for impulses related to mandibular movement are under
intensive investigation at this time and new data are altering present con-
cepts so rapidly that the Section elects to make no statement on this
point. The receptors for regulation of mandibular movements include
periodontal ligament receptors, gingival receptors, bare nerve endings
in the periosteum, Golgi tendon organs, muscle spindles and Golgi, Pacin-
ian and Ruffinian endings in the temporomandibular joint. (Kizior, Cuoze
and Bowman, 1968; Bernick and Levy, 1968; Jerge, 1963; Rapp, Kirstine and Auvery, 1957).
Receptors in the periodontal ligament can initiate mandibular movement
(Thilander and Braxton, 1961; Anderson and Mahan, 1971) and may modulate mandibu-
lar movement (Schaerer, Stallard and Zander, 1967}. Loss of the periodontal sensory
input in the edentulous patient would eliminate this potential source of
control. Clinical impressions suggest that other SENsOTy Systems may com-
pensate for loss of periodontal ligament receptors, This has not been
documented.

Activation of neural systems leading to sensory perception (conscious
level) should be differentiated from that of neural systems that serve
as the sensory components of reflex arcs (reflex level). These two systems
may be functionally discrete and independent. The practical implications
of these two systems for full denture wearers need to be examined.

There is documentation that placing extremely thin material between
opposing teeth in dentate and edentoprosthetic patients shows great dif-
ference in tactile thresholds between the two types of dentitions. The
natural dentition shows much higher sensitivity than that demonstrated
in complete denture patients (Tryde, Frydenberg and Brill, 1962).

In complete denture patients, a painful force (unconditioned stimulus)
to the ridge mucosa underlying a denture base may result in cessation
of jaw closure or in mandibular deviation (unconditioned response). Me-
chano-receptors in the oral mucosa, not normally initiating mandibular
movements, could bring about mandibular deviation. Pressure {condi-
tioned stimulus) transmitted to the ridge mucosa could bring about the
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same deviation (conditioned response} as a result of avoidance condition-
ing.

FACTORS THAT MODIFY JAW MOVEMENTS

The movements of the mandible are limited in space as defined by
Posselt ¢1952). Mandibular movements in the edentoprosthetic patient are
similar to those in the dentate subject. The only change in mandibular
movement in the edentulous or edentoprosthetic patient from that of
the dentate patient is at the superior or tooth-occluded border of the
movement space. (Woelfel, Hickey and Allison, 1962). The general shape of the
masticatory cycle has been found to be similar in edentulous subjects
to that of dentate subjects. (Sheppard, I M., Sheppard, 5. M., and Rakoff, 1967).
There is no evidence that age, as such, alters jaw movements. However,
attrition of teeth with age will alter the tooth-contact movements of the
mandible, {Beyron, 1964).

Condylar movements are partially responsible for the movement pattern
of the mandible. Condylar movement is not determined solely by the
anatomy of the temporomandibular jeoint and muscle control. It can be
influenced by changing occlusal guidance in the dentate subject. (Preiskel,
1979). In complete denture patients, the lack of stability of the denture
bases must mitigate the influence of occlusal guidance on condylar move-
ments. It is possible that occlusal discrepancies in complete dentures can
influence condylar movement through activity in the neuromuscular sys-
tem. Scientific evidence for this influence of occlusal guidance upon condy-
lar movement is lacking. A longitudinal study in progress at the University
of Kentucky is evaluating muscle response, facial contour, tissue contour,
subjective response and bone response to variations in construction of
dentures. In one technique, the occlusion was balanced:; in the other,
it was not balanced.

Maximum intercuspation (centric occlusion) and centric relation contact
are different anatomical positions in most patients with natural dentitions.
(Posselt, 1952; Beyrom, 1964; Ingervall, 1964; and Hodge and Mahan, 1967). The distance
between these two positions is subject to biologic variation. Clinical experi-
ence and opinion indicate that acceptable complete dentures can be con-
structed by providing for these two positions in their occlusion. Research
is needed to document or refute this belief. The posterior occlusal border
position is sometimes reached during swallowing, cleansing of the mouth
and mastication. However, most tooth contacts occur within the borders.
(Graf and Zander, 1963; Adams and Zander, 1964; Pameijer, Glickman and Roeber, 1968; and
Sheppard, I. M. and Sheppard, 5. M., 1971). Border positions are used in nonmastica-
tory movements, such as those guided by the dentist in certain jaw registra-
tion procedures and possibly in bruxism. Citations to support this state-
ment are well documented in the literature review of this Section.
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RECORDING OF MANDIBULAR POSITIONS AND
MOVEMENTS

Examination of the stomatognathic system for state of health and correc-
tion of abnormal function may help insure that an accurate centric relation
registration will be recorded in the edentulous patient. Correct recording
and transferring of the transverse axis of rotation is critical if occlusal
vertical dimension is to be changed on the articulator in complete denture
construction. The axis of rotation can be accurately located and verified
on an edentulous patient if the denture bases can be stabilized and the
patient is free of pathological manifestations in the stomatognathic system,

It has not been shown that a position analegous to maximum intercuspa-
tion in the natural dentition can be recorded in the edentulous patient.
Without tooth contact, there is no lasting neuromuscular memory to guide
the mandible into such a position.

There is a question as to whether or not drugs may affect jaw registra-
tion. It has been shown that spasm of the masricatory muscles with displace-
ment of the temporomandibular joint is a side effect of prochlorperazine
[Compazine]. (Kraak, 1967). Dentate patients on Compazine medication {e.g.
ulcer patients) report that they perceive that their teeth do not occlude
properly when they take the drug. It has also been shown that diazepam
{Valium) and sodium salicylate alleviate the symptoms of myofacial pain-
dysfunction significantly more than a placebo. (Greens and Laskin, 1972). This
therapy could therefore facilitate jaw registration.

Complete dentures are constructed on various types of articulators.
The question can be asked whether functional movements of the mandible
can be made to simulate those of the articulator. The human stomatog-
nathic system is capable of adapting tw occlusal function established on
the articulator when movements on the articulator closely simulate those
of the patient. If cuspal inclines established on the articulator interfere
with each other during movements of the mandible, adaptation may not
be possible. Patient comfort may be an important indicator of adaptation
to articulator-established occlusal function. With the passage of time in
the complete denture patient, the response of the supporting tissues and
their state of maintenance must be considered in assessing this adaptability.
Periodic reassessment of the occlusal function of the complete denture
is essential. This concept of partient comfort is founded upon clinical
observation and needs scientific documentation.

SPECIAL QUESTIONS

The following questions posed to the Section did not lend themselves
to narrative reporting and are presented in question and answer form.
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WHAT CHANGES IN THE ANATOMY AND FUNCTION OF THE
TEMPOROMANDIBULAR JOINT ARE EVOKED BY THE
COMPLETE LOSS OF TEETH? There is evidence that loss of teeth
per se does not result in changes in temporomandibular joint anatomy.
{Hedegdrd and Lundberg, 1965). Cinefluorographic analysis of jaw function in
complete denture patients indicates that no significant changes in function
occur with loss of teeth. (Remuth, 1957; Sheppard, I. M., Sheppard, 5. M. and Rahoff,
1967; Sheppard, I. M., Rakoff and Sheppard, S. M., 1968; Sheppard, I. M. and Sheppard,
S. M., 1968 and 1971},

WHAT EFFECT DOES AGE, LOSS OF POSTERIOR TEETH, MUSC-
LE TONUS AND PSYCHIC TENSION HAVE ON PHYSIOLOGIC
REST POSITION? Tallgren’s review, Changes in the Relationship of Com-
plete Denture to the Supporting Tissues, in the proceedings of this Workshop,
discusses changes in rest position related to age and loss of posterior
teeth. The significance of psychic tension on rest position needs to be
investigated. Changes in muscle tonus detected by electromyography are
not indicative of alteration in rest position.

OF WHAT SIGNIFICANCE IS THE BENNETT MOVEMENT IN
NORMAL FUNCTION? WHAT IMPLICATIONS DOES THE
BENNETT MOVEMENT HAVE FOR COMPLETE DENTURE
OCCLUSION? In the natural and artficial dentition, the amount and
character of the side-shift of the mandible may determine whether or
not opposing cusps interfere during function. Bennett movement is impor-
tant in establishing group function and balanced occlusion during occlusal
reconstruction.

WHAT IS THE RATIONALE FOR DISOCCLUSION OF THE POS-
TERIOR TEETH BY THE ANTERIOR TEETH IN ECCENTRIC
POSITIONS? There is no known rationale for such occlusal arrangement
in complete dentures. Such an arrangement of anterior teeth predisposes
to excessive stresses. The anterior arch tissues are already target areas
for resorption and soft tissue lesions.

CAN AN EXAMINATION OF JAW FUNCTION PROVIDE CLUES
ON WHAT TOOTH FORM OR OCCLUSAL SCHEME TO USE IN
A COMPLETE DENTURE? Determination of the condylar guidance,
incisal guidance, and inclination of the occlusal plane provide clues on
what tooth form and/or occlusal scheme to use in a complete denture.
Other factors, such as amount of residual ridge, soft tissue, state of health,
etc., may modify the selection of teeth.
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SUGGESTIONS FOR RESEARCH

The deliberations of this Section reveal that there are several areas
of ignorance and confusion based upon different clinical concepts. There-
fore, research is necessary. Some of the questions which need answering
are:

1. What is the most desirable jaw relation for developing occlusion for
complete dentures?

2. Do occlusal discrepancies in complete dentures influence condylar
movements?

3. Arec pathways for neural control of mandibular movements different
for edentoprosthetic patients than for dentate patients?

4. Which sensory systems compensate for loss of periodontal ligament
receptors in patients with complete dentures?

5. What are the practical implications of activation of neural systems
leading to sensory perception and activation of neural systems that
serve in the reflex arc for the edentoprosthetic patient?

6. What is the role of mechano-receptors of the oral mucosa and perios-
teum in the regulation of mandibular movements in the edentopros-
thetic patient?

7. Is the comfort of the patient a good criterion for evaluating complete
denture treatment?

8. What is the effect of psychic tension on rest position of the mandible?

9. Are neuromuscular patterns of jaw movement retained after loss of
the natural teeth? If so, how long?

10. Do post-insertion changes in complete denture patients affect mandi-
bular movements?

Respectfully submitted,
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DISCUSSION OF REPORT

Aull moved for acceptance of the Section report as read by Storey.
The motion was seconded by Hickey and approved.

RE: FACTORS THAT MODIFY JAW MOVEMENTS AND
RECORDING OF MANDIBULAR POSITIONS AND
MOVEMENTS

Celenza requested additional clarification regarding maximum inter-
cuspation (centric occlusion) and centric relation when discussing the pa-
tient with teeth as opposed to the edentulous individual. Celenza cited
two statements in the report for further comment. The first, “clinical
experience and opinion indicate that acceptable complete dentures can
be constructed providing for these two positions in their occlusion.” Celen-
za felt that the implication in this statement was that there is a life long
muscle memory to this centric occlusion position; while the widely accepted
opinion is that this position is lost when the natural teeth along with
their associated structures are lost. He also commented on the statement,
“It has not been shown that a position analogous to maximum intercuspa-
tion [centric occlusion] in the natural dentition can be recorded in the
edentulous patient. Without tooth contact, there is no lasting neuromuscu-
lar memory to guide the mandible into such a position.” Celenza felt
that once again the implication is that there siill is such a position, and
that there would be less confusion if it were indicated that an area be
incorporated in the centric position, and not indicate that this is necessarily
a mysterious muscle memory position. Storey responded by citing the
research of Sheppard, 1. M., Sheppard, 5. M. and Rakoff, (1967); Sheppard,
1. M., Rakoff and Sheppard, S. M. (1968); and Sheppard, I. M. and Shep-
pard, S. M. (1968 and 1971} as supporting documentation for these state-
ments. Storey stated that the Section members felt that there is some
evidence to suggest that this position, the equivalent of maximal inter-
cuspation (centric occlusion), exists in the edentulous patient, but there
are great difficulties in recording it.

Sheppard cammented that when given complete freedom of choice,
the preferential location of closure appears to be the swallowing position,
but there is no constancy of any of these points of closure. He found
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in his studies that about 60% of the closures occurred in the swallowing
position and it was the most constant of the closing positions found.
Unsatisfied that this answered his question, Celenza said that he agreed
that there was another position, but there is no evidence to indicate that
that position is coincident with the position that once existed when the
teeth, the periodontal ligaments, and the associated neuro-structures were
present. Hickey pointed out that it was the feeling of the Section members
that the position of maximum intercuspaticn {centric occlusion) of the
dentate patient could not be registered with any degree of accuracy when
the patient became edentulous; the memory pattern would not continue
over into the edentulous patient. The Section members felt that in the
construction phase of dentures, if centric relation position was used to
estzblish the intercuspation of the teeth, then some procedure should
be used so that the teeth would contact evenly, forward of this position.
If, on the other hand, a position was utilized to establish the occlusion
that was forward of centric relation, some mechanism should be used
to provide for even contacts of tecth in the most retruded position and
that an acceptable occlusion could be developed by either method. Isaacson
asked, “What methodology would there be to check on the retruded posi-
tion once you have established an anterior position on an articulator?”
Hickey replied that this was a serious problem so far as his own procedures
would be concerned. However, there are those who feel that this can
be adequately done as an intra-oral procedure.

Continuing to answer Celenza’s question, Hickey said that there is still
another group, of a significant large size, which feels that some position
anterior to centric relation should be established which is under the pa-
tient’s control with no concern for the centric relation position. The Section
felt that research is mecessary in this area. Celenza further stated that
his concern was in calling this anterior position “centric occlusion,” that
in some way related to the centric occlusal position that existed when
teeth were present. Zander commented that this area of discussion was
very difficult for their Section because the opposite of this, namely that
centric relation contact and the position of maximum intercuspation (cen-
tric occlusion) must, in denture wearers, always be one and the same
position, was not acceptable to the Section members and this is the closest
that the members thought they could come to explain what they meant.

RE: SPECIAL QUESTIONS

Dale Smith asked if the statement, “Determination of the condylar
guidance, incisal guidance, and inclination of the occlusal plane provide
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clues on what tooth form and/or occlusal scheme to use in a complete
denture,” presumes that balanced occlusion is a requirement, a fact which
he did not think had been shown. Aull replied that nothing in the state-
ment assumes that the Section was thinking entirely about balanced occlu-
sion. He said that condylar guidance and incisal guidance are set on
the instrument and we must determine the inclination of the occlusal
plane, an arbitrary thing. This should not preclude using a certain type
f)f tooth. Dale Smith continued, “If you presume that balanced occlusion
is not a necessity, then I don’t think condylar guidance, incisal guidance,
or inclination of the occlusal plane really have anything to do with selection
of tooth form.” Aull answered by stating that if you are going to use
a cusp tooth as your choice, these factors should help you in your selection
of cusp angle.

Yurkstas asked how one would examine the jaw functions in the edentu-
lous patient? Aull replied that one could not determine any of these
things until models are mounted on the instrument and the proper records
obtained for setting the instrument. Then one can analyze the movements.

Celenza commented that the statement, “In the natural and artificial
dentition, the amount and character of the side-shift of the mandible
may determine whether or not opposing cusp interfere during function.
Bennett movement is important in establishing group function and bal-
anced occlusion during occlusal reconstruction.” He felt that centric occlu-
sion should also be included because lack of interference during the exit
and approach to and from centric occlusion can be affected by the amount
and degree of the side-shift, the character of the side-shift, and also
the character of the centric position. In addition, condylar path factors
can influence even zero degree teeth.

Woelfel objected to the statement, “changes in muscle tonus detected
by electromyography are not indicative of alterations in rest position,”
He_ felt that based on fifteen years experience in using both clinical obser-
vation and electromyography to determine rest position, that the phrase
“electromyography is not indicative” be changed to “may not be indicative,”
or even, “may indicate a change in rest position.” Woelfel said that electro-
myography will not infallibly indicate rest position. Storey replied that
one has to look at another means of determining where the mandible
is located in space and that electromyography alone cannot give you that
information,

Wictorin commented that studies by Hedegird and Wictorin (1968) indi-
cate that there is a change in function with loss of teeth, particularly
during mastication, which would not support the statement, “cinefluoro-
graphic analysis of jaw function in complete denture patients indicates
that no significant changes in function occur with loss of teeth.”
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RE: SUGGESTIONS FOR RESEARCH

Woelfel questioned the advisability of further rescarch related to the
statement, “Is the comfart of the patient a good criteria for evaluating
complete denture treatment?” Woelfel stated that research has shown
that the patient is not a reliable guide as to how satisfactory the dentures
are after a period of time, and further research to document patient’s

reliability seems unnecessary.
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REVIEW OF LITERATURE
Articulators and Determinants of Occlusal
Morphology

FRANK V. CELENZA

ARTICULATORS

From a review of the literature on articulating devices, several things
become apparent. First, to merely list all of the instruments would be
of little value. Second, a great deal of duplication of effort by instrument
designers was observed. Finally, a classification that would organize these
instruments as to their usage was not apparent.

HISTORY OF ARTICULATORS

This review will survey the literature for historical interest, for original-
ity of design, and suggest a classification based on function.

In the fabrication of any dental prosthesis, a mechanical holding device
must be used when relating opposing models. We call this device an
articulator. In the Glossary of Prosthodontic Terms (1968), an articulator
is defined as “a mechanical device which represents the temporomandibu-
lar joints and jaw members, to which maxillary and mandibular casts
may be attached.” There are many devices which are called articulators
that do not satisfy the definition. Some of these devices do not attempt
to represent temporomandibular joint motion, claiming that the center
of motion is elsewhere. Others, such as the plain line instruments, make
no claim for duplication of eccentric motion. Yet the profession, as well
as the designers and inventors, refers to all of these instruments as articula-
tors.

Many instruments are constructed for various procedures and do not
seem to satisfy the above definition. For purposes of reviewing instru-
ments, the following classification of cast relators will be used. The basis
of the classification is on instrument capability, intent, registration proce-
dure, and registration acceptance.
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CLASSIFICATION OF CAST RELATORS

CLASS I.—Simple holding instruments capable of accepting a single
static registration. Vertical motion is possible, but only for convenience.
CLASS IL.—Instruments that permit horizontal as well as vertical motion
but do not orient the motion to the temporomandibular joint.
Subdivision A. Eccentric motion permitted is unrelated to patient motion.
Subdivision B. Eccentric motion permitted is based on theories of arbitrary
motion.
Subdivision C. Fccentric motion permitted is determined by the patient,
using engraving methods.
CLASS III—Instruments that simulate condylar pathways by using
averages or mechanical equivalents for all or part of the motion. These
instruments allow for joint orientation of the casts and may be arcon
or nonarcon instruments.*
Subdivision A. Instruments that accept static protrusive registrations and
use equivalents for the rest of the motion.
Subdivision B. Instruments that accept static lateral protrusive registra-
tions and use equivalents for the rest of the motion.
CLASS TV.—Instruments that will accept three dimensional dynamic
registrations. These instruments allow for joint orientation of the casts.
Subdivision A. The cams representing the condylar paths are formed by
registrations engraved by the patient. These instruments
do noi allow for discriminatory capability.

Subdivision B. Instruments that have condylar paths that can be angled
and customized either by selection from a variety of curva-
tures, by modification, or both.

INSTRUMENTS OF HISTORICAL SIGNIFICANCE

CLASS T CAST RELATORS. The first cast relator was formed by
extending the rear portion of the upper and lower casts in plaster of
Paris. The casts were keyed together with a groove, notch or circular
depression in the registered position. This was called a plaster occludator.

]. B. Gariot (1805) was credited with having invented the first instrument
to serve as a cast relator. The instrument used a screw against a plate
to serve as a vertical stop in the rear of the cast relator.

*Arcon is a word coined by Bergsirdm (1950) that describes instruments which have guidi_ng
paths situated in the upper member and axial centers in the lower member. Itis a cufmttﬂtllon
of two words; ARticulator-CONdyle. Those instruments that have the controls in reverse
had been called condylar instruments. It seemed less confusing to call these latter instruments

nonarcon types.

Articulators and Articulation 9

The Stevens was similar in design, and in addition feacured an incisal
pin and table instead of the vertical stop in the rear. Both were hinged
instruments.

The Fourner (1935) instrument possessed a vertical sliding tnovement,
perpendicular to the horizontal plane, as well as a hinged movement.
Abrasive wheels and a rotary crank were supplied to “mill-in” the occlu-
sion. The casts were arbitrarily mounted with the bite rims paralle! to
the base of the instrument frame.

CLASS II CAST RELATORS, SUBDIVISION A. The Evans (1840)
instrument provided slots for lateral movement on each side with the
center of rotation for lateral motion in the center of the instrument frame.

The Starr (1868} also had slots for lateral movement on each side paraliel
to the bows of the instrument, The centers of lateral rotation were con-
tained in each slot,

The Hayes (1889) instrument provided paths which were inclined for
an angled protrusive movement. The first face-bow, called the Hayes
Clipper, was used with this instrument. Orientation te the joint was only
in the anteroposterior direction.

Bixby (1894) designed a bite fork attachment which could be fastened
to plain line instruments, thus fixing the anteroposterior distance of the
casts to the joint. This was a forerunner of 1oday's face-bow.

Walker (1895) designed his instrument with adjustable paths which
were sel by an extraoral measuring device called Walker's Facial Clino-
meter. The casts were oriented to the instrument according to Bonwill’s
Triangle.

Grittman (1899) designed an instrument with condylar paths inclined
at 15° It was an arcon instrument and utilized Bonwill’s principles for
orientation.

Christensen (1901) was the first to recognize the inclination of the condy-
lar path and the importance of registering this angle. His arcon instrument
allowed for adjustment of the condylar path inclination by setting to
an anterior checkbite registration. The later addition of the Snow face-bow
orientation enabled this instrument to be placed in Class III, Subdivision
A.

The Kerr brothers (1902} designed an instrument similar to Grittman’s
except that they added the feature of adjustment selection to the condylar
guidance.

Gysi (1914) designed the Simplex instrument which probably was the
most advanced of this group. This instrument was designed to adjust
to average angles as determined experimentally by Gysi. While the numeri-
cal values have been challenged, the principle of relating patient motion
to the instrument was accepted. It was an arcon instrument with a fixed
condylar path of 30°, a fixed intercenter distance, an incisal guidance
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of 60°, a symphyseal angle of 120°, and a Benneut angle of 15°. This
instrument is included in this group because of the fixed condylar pathway.

CLASS I CAST RELATORS, SUBDIVISION B. Bonwill {1858) con-
structed an instrument based on observations that a four inch equilateral
triangle defined the distances between the condyles, and. the condyles
and the symphysis. The instrument permitted anteroposterior rlnov??mem.

Schwarze (1900) designed an instrument similar to Bonwill’s with the
addition of superior-inferior motion. . )

Monson (1920) postulated that the center of all mandibular motion
was located in the center of a sphere with a four inch radius. The vertices
of Bonwill's Triangle touched the perimeter of the sphere. The instrument
had two shafts going through the center. Although his thecry was called
the spherical theory, the motion permitted was not purely spherical, Mon-
son also believed chat the motion was influenced by an axis passing through
both condyles, He paositioned a third shaft in this position.

Tinker (1931) designed an instrument similar to Monson’s except that
he eliminated the condylar shaft, thus allowing pure spherical movement.

Hall (1916) designed several instruments with various concepts. The
most interesting of these was an instrument which proyided for multiple
placement of the lower cast with each eccentric registration (1934). Rubber
packings in the joints of the instrument allowed for movement around
each position. The connecting pathways were either determined by the
instrument or adjusted directly on the patient.

CLASS II CAST RELATORS, SUBDIVISION C. Warnekros (]892),
Eichetopf (1914), Wustrow (1925) and Schybergson (1950) designed. in-
struments which could be adjusted to generated pathways on bite rims.
They used abrasives or cutters to accomplish this and recommended these
instruments for full denture prosthesis.

House (1940) used the same principle and added a rotary grinder to-

the instrument which allowed for milling-in of an area of centric occlusion,
The casts were arbitrarily mounted, but the dimensions of the instrument
satisfied Bonwill's principles. )

Smith {1969) called his instrument the Gnathic Relator. Tt was a jig
which related a three-dimensional engraved recording taken at the occlusal
level to the master casts. [t was a jointless device.

CLASS ITI CAST RELATORS, SUBDIVISION A. Christensen (1961).
{See Class 11, Subdivision A.) . .

Snow’s (1906) New Century instrument was an arcon type w1tl} adjust-
able condylar paths. It was designed to accept a face-bow mounting. The
face-bow was invented by Snow in 1899. _

The Wadsworth (1919) had adjustable condylar posts set to the anatomic

Articulators and Articulation 9t

position of the patient according to the width of the face-bow calipers.
It also had curved paths which could be adjusted and was a nonarcon
type instrument.

The Hanau (1927) Model H was similar in design to the Wadsworth,
It was the first of a series of instruments by the designer and it provided
for a face-bow mounting, a static protrusive registration, and a limited
adjustment (up to 20°) for the Bennett angle. It was a nonarcon type.
The Bennett angle was determined by the formula H/8 + 12, where
H was the inclination of the condylar path. The derivation of the formula
has never been explained or justified.

The Dentatus (1944) was similar in design to the Hanau and had several
added features, including longer condylar posts, Bennett angle adjustment
up to 40° extendible condylar axis pins {acceptance of kinematic axis
location} and orbital plane transfer,

Bergstrom ¢1950) designed an instrument called the Arcon. It had all
the features of the Hanau Model H in addition to its being an arcon
type instrument.

Gerber (1959, 1971) designed the Condylator, an instrument which accepts
& face-bow. The joint mechanism provides for individual setting of the
protrusive condylar path. The average superior condylar surface is repro-
duced for a three-dimensional Bennett movement. A retrusive path from
centric occlusion to the most retruded position (back and down) is provid-
ed. The Condylator (Vario, 1970), is equipped with adjustments for open-
ing-compressed or closing-distracted joint spaces.

CLASS IIT CAST RELATORS, SURDIVISION B. Instruments in this
group are capable of accepting most static lateral protrusive registrations.
The adjustments are necessary for intercenter distance, Bennett angle,
and Fisher angle accommodations. Not all of these instruments provided
for all of these adjustments.

Davis and Lenchenring (1905) were the first to provide for an adjustable
intercenter distance. This added feature was also used by Anderson (1612),
Aspelund (1912), Hall (1917), Lent (1925), Hanau Kinescope (1923),
and Brandrup-Wognesen (1936). All of these instruments were construct-
ed to follow Gysi's main concepts. Anderson, however, considered the
arcon arrangement essential and took issue with Gysi on this point.

The Gysi Adaptable (1908) was a very advanced instrument for its
time. Extraoral graphic registrations were used for setting the sagittal
condylar guides. The intercenter distance was set according to the gothic
arch tracing. The graphic registration was according to Gysi's design.

Eltner (1909) was the first to design a face-bow that became the cast
relator when removed from the patient. He proposed the idea that there
were two horizontal axes, one through the condyles and one through
the eminences. His instrument was set to graphic registrations according
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to Gysi's concepts. Neither the Gysi Adaptable, nor the Eltner, could
be adjusted to three-dimensional graphic registrations as we know them
today. Fquivalents dictated by the instrument design supplied the missing
portions of the motion and therefore are placed in Class 111, Subdivision
B.

The Gysi Trubyte (1926) was a nonarcon type that provided for a
face-bow, condylar path adjustment, and Bennett angle adjustment by
means of guides in the center of the upper bow. This enabled the instru-
ment to accept some lateral registrations. The intercenter distance was
fixed.

Stansbery (1932) constructed a jig he called the Tripod. It allowed
for adjustment to static eccentric registrations. The instrument was later
provided with a face-bow and a rotary grinder.

Phillips (1937) designed the Occlusoscope which was a checkbite instru-
ment. He introduced the centrat bearing device to the profession in 1927.

The McCollum Check Bite {1951) instrument accepted a kinematic axis
transfer, had adjustable condylar paths, Bennett guides, and intercenter
distance.

The Transograph {1952) designed by Page was an instrument based
on the concept that there are two horizontal axes (one for each condyle)
and that the vertical and sagittal axes do not intersect with the horizontal
axes, nor do they intersect with each other. The flexibility of the instru-
ment allowed for vertical and lateral motion. The technique called for
eccentric positional registrations of varying distances on the lateral path,
a kinematic location of the horizontal axis, and centric relation registrations
of varying thicknesses.

The Spence (1958) instrument had the same features as the McCollum
checkbite cast relator.

The De Pietro Ney (1960) checkbite instrument accepted a kinematic
face-bow and was the first instrument to combine the rear wall, medial

wall, and superior wall of the condylar path into one assembly. The condy- -

tar path assembly could be tilted in all three planes and the instrument
had an adjustable intercenter distance.

The Whip Mix articulator, designed by Stuart {1962), receives the arbi-
trary face-bow and has three positions for intercenter distance ad justments
(small, medium and large) according to facial width. It has a combined
condylar pathway, similar to the Ney, with a separate adjustment for
the medial wall to accommodate the Bennett angle.

The Hanau University Model 130-21 is one of the most advanced of
the Hanau University series. It has the following features: axis-orbital
transfer, adjustable condyle path inclination, sagittal tilt and vertical rota-
tion, adjustable Bennett guides, and adjustable intercenter distance. It
is an arcon instrument but none of the condylar paths can be customized.

The Granger Simulator allows for the setting of the Bennett angle
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by adjustmen[_ only. It permits adjustment of the condylar path in all
three planes, it has adjustable rotational centers, kinematic axis, orbital
plane transfer, and can be supplied with a variety of condylar paths.

CLASS IV CAST RELATORS, SUBDIVISION A. Luce (1910) designed
an instrument that combined joint orientation with an engraving method.
The casts were oriented to the instrument by means of a face-bow, Occlu-
sion rims with generated path registrations served as guides for forming
the cams of the instrument. A “well-like” receptacle in the rear of the
lower frame of the instrument was centrally placed and another was locat-
ed at the position of the incisal table. These receptacles would receive
a material (modeling plastic) that would register the record against an
incisal pin in front, and four studs in the rear of the upper frame. The
shaft representing the horizontal axis was removable to allow for eccentric
motion. It was a nonarcon instrument.

The Hagman Balancer {1925) was an instrument similar in concept
to Monson's, with some added features. Hagman advocated a kinematic
axis transfer with an orbital pointer. He supplied a universal joint in
the center of the sphere and provided a cup at the incisal table to register
a generated path record. Since this acted as the cam of the instrument,
it was classified as a nonarcon type.

The TM] instrument, designed by Swanson and Wipf (1965), is an
arcon instrument with cams placed in the approximate area of the centers
of the condyles by means of a kinematic axis transfer. Average distances
from the skin point are used (12 mm.) to locate the centers of lateral
rotation. The cams are molded in plastic from a registration generated
intraorally by three scribers against a recording material.

Lee (1969) designed an instrument similar in concept to the TM] instru-
ment except that the cams are formed by air-rotor directly on the patient
and are transferred to the frame of the upper bow by means of a kinematic
face-bow. It is an arcon instrument.

CLASS IV CAST RELATORS, SUBDIVISION B. The instruments
in this group accept a kinematic axis transfer, have condylar paths adjust-
able in three planes, Bennett guide adjustments which can be customized,
adjustable intercenter distance, plane of reference transfer, and are of
the arcon type.

The McCellum Gnathoscope (1930) and the Granger Gnatholator (1955)
are full-tracking instruments with a variety of metallic condylar paths
with different radii.

The Guichet Denar (1966) is a half-tracking instrument with a selection
of plastic condylar paths which can be chosen according to the proper
radius, and further customized by altering the insert. It has two adjust-
ments of the medial wall (angulation and straight displacement) and a
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separable rear wall which can be adjusted.

The Stuart Gnathoscope (1955) is a nontracking instrument with a vari-
ety of plastic paths to choose from, which can be further customized
by alteration. The Bennett guides are separate from the roof of the condy-
lar path and can be angulated and customized in contact with fixed spheres
which maintain the centric position.

REQUIREMENTS OF AN ARTICULATOR

If we consider an articulator according to the definition, then we should
set down some standards or requirements that will satisfy the definition.
If an articulator represents the temporomandibular joint, then only those
that permit an orientation of the casts to the joint by means of a face-bow
can be called articulators. This is 2 minimum requirement. 1f the motion
of the joint is also to be represented, then some sort of eccentric motion
should be recorded and transferred to the articulator. The articulator
should be capable of accepting the eccentric registration.

The temporomandibular joint is one of the parts of the system that
influences the pathways of travel of the condyle assembly (condyle, synovial
cavity and articular disc). It is incorrect for us to consider the motion
within the temporomandibular joint a bone-to-bone movement. The con-
dylar path is influenced by the joint, the ligaments, the neuromuscular
complex, and when teeth are present and in contact, the occlusal configu-
ration of the contacting surfaces. The motion that is permitted by this
system is 2 combination of rotation and translation. In order to duplicate
the condylar path, this complex combination must be resolved by recording
and adjustment procedures and then be recombined to follow the path.
It is possible to accomplish this task if extreme (or border) movements
are recorded.

There are basically seven requirements of an ideal articulator. These *

are:

1. The instrument should accept a horizontal axis transfer. This will en-
able the operator to maintain centric relation with changes in vertical
dimension. The horizontal axis orients the casts to the temporoman-
dibular joint and thus all motion recorded to it. The horizontal axis
may be arbitrarily located (by average measurements, landmarks, or
palpation) or preferably kinematically located.

9 The articulator should be equipped with an adjustable intercenter dis-
tance. The importance of duplicating the correct position of the rota-
tional centers has been pointed out by Anderson, McCollum, Beck,
and others. This facility is mandatory for duplication of lateral registra-
tions.
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3. Inorder to correctly set the inclination (in all three planes), and charac-
ter of the condyle path, the articulator must have the capacity for
complete three-dimensional adjustment of the condylar path, and still
more desirable, complete customization. This can be done by inter-
changeable paths of various radii or customizing plastic cams. In order to
maintain the condylar path constant to the plane of occlusion when
changing the vertical dimension, the instrument must be of the arcon
type. Therefore, the cams must be on the upper member and the
axial centers on the lower.

4, Displacements in the horizontal plane that are translatory must be
reproduced by the articulator, or the lateral pathways cannot be dupli-
cated. The instrument, therefore, must have adjustable Benneut guides
that enable it to follow both pure translatory movements {(immediate
side shift) and combinations of rotation and translation (progressive
side shift). These guides should be contained in the upper bow.

5. In order to assign numerical values to recorded motions so that the
articulator can be reset for each mounting procedure, the instrument
must have provision for acceptance of a plane of reference in the
upper member.

6. Since there are times when the exact motion recorded is not the most
desirable motion to use in the occlusal scheme, the instrument should
be capable of alterations. Guichet calls this “discriminatory capability.”
This enables the operator to decrease angles he feels are in excess,
to the needs of the patient. This feature is automatic in instruments
that are adjustable. Instruments that form their cams from engraved
registrations do not have this capability.

7. The most important requirement of an articulator is that it maintain
a centric positon. In the type of instruments described thus far, this
is largely a problem of machinery. Loss of centric position is a greater
possibility in a full-tracking instrument than in a nontracking instru-
ment. If the engraving and machining is maccurate, adjustments in
the intercenter distance will create a loss of the centric position which
will be much more noticeable in the full-tracking instruments. This
is because the upper and lower members are in a fixed relation to
each other by means of the track of the condylar path. The inaccuracy
causes binding, and the resulting flexion of the insirument causes an
inaccurate centric position. The half-tracking instruments have this
problem also, but to a lesser degree.

.(IJONVENIENCE FACTORS IN DESIGN, Articulators should be of
rigid construction with a minimum number of metal-to-metal parts. They
should be comfortable to handle and easily separated to facilitate fabrica-
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3. Inorder to correctly set the inclination (in all three planes), and charac-
ter of the condyle path, the articulator must have the capacity for
complete three-dimensional adjustment of the condylar path, and still
more desirable, complete customization, This can be done by inter-
changeabie paths of various radii or customizing plastic cams. In order to
maintain the condylar path constant to the plane of occlusion when
changing the vertical dimension, the instrument must be of the arcon
type. Therefore, the cams must be on the upper member and the
axial centers on the lower,

4. Displacements in the horizontal plane that are translatory must be
reproduced by the articulator, or the lateral pathways cannot be dupli-
cated. The instrument, therefore, must have adjustable Bennett guides
that enable it to follow both pure translatory movements (immediate
side shift) and combinations of rotation and translation (progressive
side shift). These guides should he contained in the upper bow,

5. In order to assign numerical values to recorded motions so that the
articulator can be reset for each mounting procedure, the instrument
must have provision for acceptance of a plane of reference in the
upper member.

6. Since there are times when the exact motion recorded is not the most
desirable motion to use in the occlusal scheme, the instrument should
be capable of alterations. Guichet calls this “discriminatory capability,”
This enables the operator to decrease angles he feels are in excess,
to the needs of the patient. This feature is automatic in instruments
that are adjustable. Instruments that form their cams from engraved
registrations do not have this capability.

7. The most important requirement of an articulator is that it maintain
2 centric positon. In the type of instruments described thus far, this
is largely a problem of machinery. Loss of centric position is a greater
possibility in a full-tracking instrument than in a nontracking instru-
ment. H the engraving and machining is inaccurate, adjustments in
the intercenter distance will create a loss of the centric position which
will be much more noticeable in the full-tracking instruments. This
is because the upper and lower members are in a fixed relation to
each other by means of the track of the condylar path, The inaccuracy
causes binding, and the resulting flexion of the instrument causes an
inaccurate centric position. The half-tracking instruments have this
problem also, but to a lesser degree.

CONVENIENCE FACTORS IN DESIGN. Articulators should be of
rigid construction with a minimum number of metal-to-metal parts. They
should be comfortable to handle and easily separated to facilitate fabrica-
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tion and refinement of prostheses. It is much more convenient to have
separable bows, rather than those that cannot be separated. Mounting
procedures should be simplified. Several instruments have devised tech-
niques in mounting that eliminate the mounting frame. If there 15 an
immediate translatory motion from the centric position on both sides,
it is difficult to work with both adjustments engaged and still maintain
the position. A spring latch return is helpful in these situations and is
supplied with some of the more advanced instruments of this type. Fully
adjustable incisal guide tables are very convenient and should be included
in these articulators. This is preferable to the plastic guide which can
be customized.

ARTICULATION

The masticatory apparatus is capable of pathways of motion that are
both varied and geometrically complex. This motion can be analyzed
to determine the character of the borders and the limits of the pathways
of movement. The horder pathways have been described by Posselt (1962)
as being ligamentously limited and neuromuscularly powered. Further
emphasis on the neuromuscular input has been expressed by Boucher,
L. and Jacoby (i961). The pathways have been cansidered replicable by
several investigators (Posselt, 1952; McColium, 1955; Stuart, 1959; Balkwill, 1866; and
Bonwill, 1899). Grasso and Sharry (1968), in a study of replicability of arrow-
point tracings, found the greatest anteroposterior variation in the position
of the apex to be only 0.42 mm., while the greatest mediolateral variation
was 1.90 mm. The range anteroposteriorly has also been reported as
0.007 to 0.415 mm. in the centric relation position (Celenza, 1971). This
range has been considered clinically insignificant and the positions and
pathways replicable. lt is for this reason that prosthodontists have found
it most convenient to use registrations on the border pathways.

The border pathways are not normally used by the patient at the occlusal
level. The border paths have been termed articulator pathways and consid-

ered nonfunctional. Some claim these are pathways reached during brux-

ing movements. The border paths have been termed by Granger (1962)
as power pathways and are potentially destructive should disharmony
exist. These statements lack scientific evidence for their support. It appears
that these border pathways are more prosthetically convenient and physiol-
ogically acceptable and are unrelated to the natural occlusal form.
Contained within the border pathways is an area in which the patient
functions. The masticatory pathways lic within this area. There are no
distinct borders defining this area, but a general pattern can be described
(Schweitzer, 1962). Balkwill (1866), Bonwill (1899), and Posselt (1962) have pointed
out that 2 relationship exists between the occlusal morphology and the
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pattern, or outline, of the area of function. Schweitzer (1962) has shown
that bolus resistance also affects the shape of this area. Posselt (1962
Boucher, L. and Jacoby (1961) and Huffman (1972) have all shown that,
the pathways of motion can also be altered by anesthesia.

TYPES OF MOTION

There are three types of motion that apply to the masticatory apparatus.
They are rotation, translation, and plane motion.

) Rotation is that type of motion where all points within the body scribe
Flrcular areas about a fixed line. The line is formed by fixed points and
is called an axis of rotation. The points are called centers of rotation.
When.ever rotation occurs, there must be an axis. All rigid bodies are
per.mltted six degrees of freedom; three rotary and three translatory.
This means that the body is capable of three-dimensional movement.
The mandible is capable of rotation in three planes and must, therefore
ha\fe axes to describe the motion. Vertical rotation is controlled and de:
scribed by the horizontal axis. The horizontal rotation is controlled and
fiescribed by vertical axes, one for each condyle. The frontal rotation
is cox_ltro[led and described by sagittal axes, one in each condyle. These
axes intersect at a common point center in each condyle. Since the planes
are perpendicular to each other, so are the axes.

leanslation is that type of motion where the points in the body glide
or slide along paths that are parallel to cach other. If the path is straight,
the motion is called rectilinear translation. Tf the path is curved, the
.motion is called curvilinear translation. Most translation of the man’dible
1s curvilinear,

All npnguided mandibular motion is a combination of rotation and
translation. By analyzing the motion, plane by plane, we can convert
the combi{lation of rotation and translation into plane motion. Therefore,
plane motien is a combination of rotation and translation in a given plane.

By resolving plane motion, we can determine the quantity of rotation
and .transiation. In order to duplicate the motion, we must also know
the‘tlmi{xg of that motion. This can only be obtained from a dynamic
registration.

REQUIREMENTS OF AN ARTICULA
REGISTRATION TYPES TOR AND

Articulators. {Class III and Class IV cast relators) are oriented to the
temporor'nandlbular joints and simulate certain permissible mations. The
pathsregistered are those traversed by the condyles. The condylar pathways
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are a resultant of all of the elements in the masticatory system and not
the joints alone. The articulator does not in any way resemble the anatomi-
cal form of the joints. All registrations made should be confirmed and,
therefore, must be on paths that offer maximum replicability.

THE CENTRIC REGISTRATION. In order to obtain confirmation
and permit vertical variation, a horizontal axis transfer is required. McCol-
lum (1955, Stuart (1959), Granger (i962), Lauritzen (1964) and Lucia ¢1961)
reported a preference for a kinematic location of the horizontal axis.
Bergstrom (1950}, Weinberg (1963), Schuyler (1959), and Guichet (1969 have
shown that using average measurements for the axis transfer, produced
small errors, and if the vertical variations are limited, the errors are insig-
nificant. In restoring the occlusion of either the dentulous or edentulous
patient, one should strive for maximum precision. In the edentulous pa-
tient, the attainment of the maximum precision may be impossible due
to the multitude of clinical variables the prosthodontist must face.

PROTRUSIVE REGISTRATIONS. An articulator capable of accepting
a positional protrusive registration, and all other eccentric records, must
be of the arcon type as shown by Christensen (1901, 1905), and Bergstrom
(1950). The instrument must permit angular adjustments of the condylar
path. The path itself can be rectilinear or curvilinear. In order to accept
a graphic registration of the protrusive path, the mstrument must have
an adjustable path capable of being customized in addition to the above
requirements.

LATERAL PROTRUSIVE REGISTRATIONS. The lateral positional
registrations provide the records to establish the rotaticnal axes on the
dental instrument. In order to accept the records, the instrument must
have an adjustable intercenter distance to permit horizontal adjustment
of the rotational centers. Varying the Bennett angle may appear to provide
the needed adjustment for the instrument to accept the positional record.
However, not all records can be accepted by merely adjusting the Bennett's
angle. Acceptance of the records would be further facilitated by the addi-
tion of a superior-inferior tilt of the roof of the condylar path in the
sagittal plane and a horizontal rotation of the path in order to position
the angle of the rear portion of the path.

ENGRAVING AND GRAPHIC REGISTRATIONS. Engraving type
registrations need to be positioned by an intercenter distance adjustment
and then be copied by a path generation, or direct transfer of the record.
Graphic registrations can be accepted if the instrument has an adjustable
intercenter distance provision, complete Bennett adjustment, universal
capability in the path pesition, and customization of the condylar path.
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DISCRIMINATORY CAPABILITY. Discriminatory capability is that
requirement of an articulator which permits the operator to alter the
angular displacements (Guicket, 1970). This capability is not possible with
instruments designed to accept engraving registrations.

PLANE OF REFERENCE TRANSFER. In order to record eccentric
settings for subsequent mounting procedures, the instrument must accept
a reference plane transfer.

SETTING SEQUENCE. In order to accomplish the geometric setting
and preserve the timing of the graphic registration, a certain sequence
should be followed (Bech, 1962). The horizontal displacements should be
set before the sagittal displacements. The horizontal displacements are
set in sequence; pure translatory displacement (immediate side shift), Ben-
nett angle adjustment, rear wall angulation, and finally, the intercenter
distance adjustment. The two sagittal displacements may be affected by
the horizontal factors, while the reverse is generally not true. The an-
teroposterior path inclination (protrusive path} is set first. The tilt of
the roof of the path is set last, establishing the Fisher Angle.

THE EFFECT OF CONDYLAR PATHWAYS ON OCCLUSAL
MORPHOLOGY

In closure, the mandible passes through many arcs, some of which
are quite acute when measured from the horizontal plane. The most
acute arc is the pure rotational closure dictated by the horizontal axis.
Therefore, the horizontal axis may be considered a limiting factor on
cuspal angulation. Straight vertical closure, perpendicular to the horizon-
tal, or plane of occlusion, would permit a cusp angulation of 90°. Any
lesser angulation would limit the cusp angle.

In the frontal plane, vertical masticatory sirokes are perpendicular to
the horizontal, or plane of occlusion, as compared with border pathways
which have considerably less angulation. Therefore, one can consider
pure rotational pathways and border pathways as limiting factors with
regard to cusp angulation,

Aull (1965} reported the effects of changing the articulator end control-
ling factors on the occlusal morphology. The author assumed a cusp
position and angie and then reported the effects on their relationship
when the articulator angles were changed. In restoring the occlusion of
the dentulous patient, the analysis of the articulation results in the proper
positioning of the cusp to track the pathway. In the edentulous patient,
the articulation usually requires modification of the occlusal surface of
the supplied tooth to establish this harmony. The modification is accom-
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plished by selective grinding or the waxing and casting of gold occlusal
surfaces.

Angular displacements affect cusp height. The greater the angular dis-
placement, the higher the cusp may be. The lesser the angular displace-
ment, the shorter the cusp must be. With a given base, i.e., the horizontal
plane or plane of occlusion, the higher the cusp, the steeper the angle.
Angular displacements in the sagittal plane, such as the protrusive path
inclination, affect the mesio-distal cusp angles. Angular displacements in
the frontal plane, such as the orbiting path inclination which sets the
Fisher Angle, affect the bucco-lingual cusp angle. In this situation, the
effect is far greater on the orbiting side than on the working side.

An increase in the intercenter distance dictates a more distal placement
of the lower grooves and cusp tips, and the reverse for the upper. A
decrease in the intercenter distance dictates a more mesial placement
of the lower grooves and cusp tips, and the reverse for the upper. Increas-
ing and decreasing the Bennett angle affects the lower cusp tips and
grooves in the opposite manner as increasing or decreasing the intercenter
distance.

If there is a pure translatory motion in the horizontal plane, the effect
would be to make the grooves in the same path as the motion. This
would be the same for both upper and lower buccal and lingual grooves.
The cusp tips would have to be moved distally in order to make way
for the grooves. While this is true, it would be misleading to end the
explanation of the motion here. It must be remembered that this motion
(a pure translatory side shift} is a resolved motion and therefore only
a portion of what is truly happening. Because the registration is made
at a restricted vertical dimension, vertical rotary motion is not included
in the record. We recombine the two motions when we restore the incisal
guidance. Therefore, this type of motion does not dictate 2 flat occlusion,
for the effect of the incisal guidance is the same as described in angular
displacements in the sagittal and frontal planes.

THE EFFECT OF ARCH FORM ON OCCLUSAL
MORPHOLOGY

The positional relationship of the antagonist teeth have the greatest
effect on cusp placement, regardless of the style of occlusion, be it cusp-to-
fossa, cusp-to-marginal ridge, or a combination of both.

The overlap relation may be vertical or horizontal. Vertical overlap
in the anterior region is related to the anterior guidance effect. Anterior
guidance is, after all, the incisal guidance equivalent on the articulator.
In the posterior region, an increase in vertical overlap will permit a steeper
bucco-lingual cusp angle.
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Horizontal overlap increase in the anterior region has the effect of
nullifying the engagement of the incisal guidance. 1f the horizontal overlap
distance is equal to the functional range contact, then the incisal guidance
will be completely voided. This situation dictates posterior contact through-
out the range of occlusal contact. An increase in horizontal overlap in
the posterior region would have the effect of decreasing the steepness
of the bucco-lingual cusp angle and increasing the bucco-lingual width
of the occlusal table.

ANATOMICAL CURVES AND PLANES

The curve extending anteroposteriorly (Curve of Spee and compensat-
ing curve), if increased in steepness, will require a decrease in the mesio-dis-
tal cusp angles of the posterior teeth. An increase in the steepness of
the transverse curves (Curve of Wilson) will require a decrease in the
bucco-lingual cusp angies of the posterior teeth. By tilting the plane of
occlusion upward in the posterior, and downward in the anterior, the
cusp angles will be decreased.

In general, for all adjustments and arch form manipulation, the effect
on the occlusal morphology is as follows: if a change in adjustment in
one direction decreases a cusp angle, then an opposite change will increase
it. If the effect is to decrease the cusp angle, this is mandatory. If the
effect produces an increase in the cusp angle, this is permissible but
not mandatory, unless bilateral balanced occlusion is desired.

SUMMARY

Our knowledge of articulators and articulation has greatly increased
since the early 19th century, yet much remains for further study. The
complexity of motion, the sophistication of instrument design, and the
relationship between mechanical articulation and physiolegic ecclusion,
particularly for the edentulous patient, will require additional research
efforts.
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Transfer of Maxillomandibular Relationships to
the Articulator

WILLIAM E. KOTOWICZ
ALFRED H. GEERING

Itis generally agreed that the contacts of the teeth ina complete denture
prosthesis, in centric and eccentric positions, should be in harmony with
the mandibular movement patterns of the denture wearer. This necessi-
tates the recording of some maxillomandibular relationship(s) and its
(their) transfer to an accommodating instrument. There is no universal
acceptance of which maxillomandibular relationship(s) should be record-
ed, which method should be used in recording a given relationship, or
which instrument to transfer it (them) to. This confusion is magnified
clini(_:ally by the fact that recording bases are supported by tissues with
varying degrees of resiliency. This imparts varying degrees of reliability
to any of the recordings one may cbtain.

The review of this subject is divided into three major categories: resil-
iency of the edentulous ridge, centric relation interocclusal records, and
eccentric jaw relation records. Centric relation means many things to
many people (Avant, 1971, Within the scope of this review it is defined
as: i‘The jaw relation when the condyles are in the most posterior un-
strained position in the glenoid fossae from which lateral movement can
b.e made at any given degree of jaw separation.” This is only one of
five definitions offered in the Glossary of Prosthodontic Terms (1968).
Although this position is generally accepted as a reproducible starting
point for complete denture construction (Kingery, 1952: Sharry, 1968; Hichey,
1 9.64; Principles, Concepts and Practices in Prosthodontics, 1967), methods of recording
th;s‘ position are varied. It is to this fact that the second division of this
review is directed. Eccentric relation records shall merely be considered
as a record of jaw relations other than centric relation. The adjective
“interocclusal” was purposely left out so that pantographic records could
be included.

RESILIENCY OF THE EDENTULOUS RIDGE

Because the recording bases lie upon resilient ridges when recording
Jaw position and jaw movements, the operator, in all probability, is simulta-
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neously recording base movements. Attempts to measure base displace-
ments have varied greatly both in technique and amount measured. Arstad
(1959, in his review of the literature, reported the experiments of severgl
early investigators. Holzman (drstad, 1959) after attempting to set eccentric
interocclusal records in an articulator, and having them vary as much
as 60°, indicated displacement of the baseplates as the causative factor.

Kantorowicz and Schmitz (Arstad, 1959) placed one stud in each molar
area and a.u adjustable stud on the anterior ridge area. The studs contacted
the upper baseplate when occluding lightly. The adjustable stud could
be raised or lowered as much as 2 mm., and when the patient bit down
hard, he could bring all three studs into contact with the upper baseplate.
A T kg. weight was then attached to the upper base, first in front, and
then on the side. The plate lowered from 2 to 4 mm. without breaking
its seal. When the upper base was then pressed against the ridge with
the same weight, they lifted from 0.5 to 1 mm.

Pfeiffer (Arstad, 1959 made upper and lower vulcanite bases on six pa-
tients and cut them in half. The posterior halves were supplied with
occlusion rims and the patient was instructed to close. The decreased
vertical distance between the anterior halves was measured. This compres-
sion in the molar halves was found to be 1 to 3 mm. The procedure
was reversed and the compression of the anterior region was found to
be 0.5 to 4 mm. With finished prostheses, the patients were asked to
bite hard and the change in vertical dimension was measured betwg:n
points marked on the chin and nose. The maximum change in vertical
dimension was 2 mm. ‘

Under a 200 g. force, Sohm (Arstad, 1959} pressed an instrument with
a 9 mm. diameter ball shaped tip into the mucosa of the maxillary ridge.
It could be pressed 4.8 mm. into the anterior region. With variability,
the displacement in other areas of the maxillary ridge was less.

Belger (Arstad, 1959) cut small segments out of upper baseplates mafie
of vulcanite. Perforations were supplied with a cylinder and piston. With
the baseplates under pressure, the pistons were raised 1.5 to 2 mm.,
which was read as displaceability of mucosa under dentures. Belger also
found, by means of an extraoral pointer, that a single upper denture
opposing natural teeth could be displaced 1.5 to 1.8 mm. . -

Boucher (1940) attached a tiltmeter to upper and lower acrylic resin
baseplates and attempted to measure displacements with pressure on a
central bearing point and a lateral bearing point. Measurements on the
tiltmeter, with pressure on the central bearing point, indicated the bases
were (.06 mm. closer in the anterior, while the lateral pointer indicated
no change. Measurements with pressure on the lateral bearing poin_t indi-
cated the bases were 0.08 mm. closer in both anterior and posterior re-
gions. This apparatus was not capable of determining accurately the
amount the edentulous ridges were moving under the baseplates.
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Arstad (1959) studied the resiliency of edentulous ridges with several
methods. Transparent acrylic resin baseplates were made for approxi-
mately 100 patients. A variety of impression procedures were used and
some were scraped to provide relief for hard areas such as the torus
palatinus. When pressure was applied to the crest of the ridge, extensive
blanching of the mucous membrane resulted in a lifting of the baseplate
at the point of the greatest distance from the pressure. Horizontal displace-
ment was also observed and became more pronounced when the pressure
was applied more obliquely. The displacement was not affected by the
impression procedure used. The extent of displacement seemed 1o be
dependent on the alveolar ridge and the nature of its soft tissues. Horizon-
tal movements on the maxiliary ridge were less when the maxillary tubero-
sities were firm and prominent, and were less on the mandibular ridge
when the lower baseplate was extended posteriorly to cover a firm ascend-
ing part of the ramus of the mandible. Displacement was found to be
1 mm. in every direction on firm prominent ridges.

On three patients, Arstad (1959) made impressions with soft plaster.
From the resulting casts, transparent acrylic resin baseplates with occlusion
rims were constructed. When weight application to the positioned base-
plates was increased from 2 to 4 kgs., the uneven contact and compression
was marked. An increase of weight to 8 kgs. caused only slight change
in the position of the baseplates. An increase in weight pressed baseplates
further into the tissue, while the area in contact remained nearly the
same.

Arstad (1959 also performed experiments on about sixty patients with
finished complete dentures. Three straight wires in a face-bow arrange-
ment were soldered and attached to the upper denture. It was determined
that although there was great movement of the wires with empty gliding
movements, masticatory movements on wax caused greater displacements.
For two patients, plaster caps were made with wires attached to approxi-
mate the wires on the upper denture, the relative displacement in gliding
and functional movements were similar to the previous experiments. The
displacements of bases where the underlying ridge had well-developed
tuberosities were smaller than on flat, flabby ridges.

On sixty-five patients with finished prostheses, Arstad {1959) remounted
the dentures on a Hanau articulator and recorded interocclusal relations
with wax, first in the mandibular second bicuspid and molars bilaterally,
then in the mandibular cuspid-first bicuspid areas. These new relations
were transferred to the articulator and the degree of displacements calcu-
lated. Experiments with prostheses on highly resilient ridges were thrown
out. Calculations of displacements were; between the molars, a mean of
1.25 mm. with a standard deviation of .5 mm., while between the incisors,
the mean was 2.59 mm. with a standard deviation of +0.76 mm. The
valucs are thought to indicate the displaceability of the soft tissues covered
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by the dentures in the molar and incisor areas, respectively.

Arstad (1959) also conducted an experiment on twenty-eight patients
with complete maxillary and mandibular dentures, and two with complete
maxillary dentures, to determine horizontal displacements caused by push-
ing in a horizontal direction. This was done with a graphic device. It
was found that only lateral displacement of the maxillary denture could
be measured accurately. Anteroposterior measurements of the maxillary
denture and all measurements of the mandibular denture were impossible
to measure with any degree of accuracy. The mean total horizontal dis-
placement laterally was 2.13 mm. with a standard deviation of *+0.55
mm. All maxillary ridges were clinically prominent and firm.

Arstad claimed the resilient tissue was governed by Hook’s Law of
Elasticity and that during mastication, uneven compression of the mucosa
is unavoidable. He concluded that “newly made dentures resting on firm
and prominent residual alveolar ridges may be displaced in different
horizontal directions about I mm. without locsening. They may, without
loosening, be forced apart in the molar region about 1.25 mm., the incisors
being in contact, and in the incisor region about 2.5 mm., the molars
being in contact.”

Lytie (1962) made casts from impressions of fifty-five edentulou.s riFlges.
The ridges showed evidence of soft tissue displacement caused by ill-fitting
dentures. The dentures were removed for approximately sixty hours,
allowing the tissue to recover. New impressions and casts were made.
The casts, before and after recovery, were compared by the use of a
dental comparator. His results show that soft tissue changes in the mandi-
bular arch are greater than those in the maxillary arch. Lytle also showed
the greatest displacement in the maxillary arch occurred on t%:e crest
of the ridge in the anterior region. The average displacement in areas
of extreme abuse were found to be between 0.14 and 0.18 mm. Lytle
also showed in several patients that changes under new dentures were
much less than those found under the ill-fitting dentures. Other methods
of investigation were also mentioned, such as cross section analysis of
casts and cephalometrics.

Morris (1966) designed a study to measure denture base displacement
and correlated it with forces exerted by the patient. Dentures with bite
rims and lined with a tinfoil strip were constructed for one patient with
a window leading to a simple manometer. Various waxes and impression
plaster were the test materials for the checkbite procedure. Lateral ob!iq}xe
cephalometric roentgenograms were taken when the interocclusal bl.tf.‘
registrations were being made. The cephalograms were analyzed for d1§-
placement of soft tissue by comparison to one lateral oblique cephalometric
roentgenogram taken with no interocclusal recording medium and.a pres-
sure registration of zero. Impression plaster proved to be the least displace-
ment-inducing material. The cephalometric measurement of tissueward

Articulators and Articulation 109

movement of the mandibular denture base with impression plaster was
in the order of 0.05 mm. in the retromolar pad and bicuspid areas.
The force applied while making the interocclusal record was thought
to be determined by the plasticity of the material, with impression plaster
being the most plastic.

Kiihl (1970) reported on studies regarding positions of the bearing point
and its influence of tissue displacements. The position of the bearing
point was altered both anteroposteriorly and laterally. Changes in dimen-
sion were measured between the bearing plate surfaces. The largest
changes measured were made when the bearing point was in the midmeost
anterior position. In this position, the anterior measuring points separated
an average of 0.6 mm., and the posterior reference points separated
approximately 1.4 mm. Kiihl states that the central position of the bearing
plate device is a prerequisite for even pressure on the registration bases.

Interpretation and comparison of the findings presented must be made
with great caution. Obviously, clinical experimentation in this area is very
difficult. One must keep in mind that denture bases act as a single unit
during gliding and function. Flexure of different denture base materials,
as well as impression techniques, must also be considered. The movements
of the bases are always measured in a relative fashion and procedural
error cannot be disregarded. Variation of tissue resiliency between patients
is as great as is the variability from one part of the same mouth to another,
Arstad (1959) wrote, “Whether it is possible to make registrations without
incorporating independent movements of the baseplates or the dentures
to which the registration medium have to be attached, is impossible to
prove.”

CENTRIC RELATION INTEROCCLUSAL RECORDS

The dental literature is repleat with “techniques” for recording centric
relation. Kingery (1952) recognized the “confusion caused by the number
of methods advocated and the arguments advanced in support of each
method.” For discussion purposes, he classified the techniques as: a. Graph-
ic methods employing a graph or tracing as guides for a checkbite, i.e.,
extra oral or intra oral procedures. b. Direct checkbite recording, or ¢. Func-
tional recording, i.e., chew-in procedures.

The review of this section will be limited to comparisons of the various
techniques.

‘Trapozzano (1949) was concerned about equalization of pressure while
recording centric relation, and compared an intraoral technique with an
interocclusal wax record. He reported that in complete denture patients
with good ridge support, it is possible to obtain equalization of pressure
by means of the central bearing point. Also, that by means of wax interoc-
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clusal centric relation records, duplicate centric relation records could
be made which check accurately with each other, not only anteroposterior-
ly, but for equalization of pressure. In a second series of experiments,
a group of patients with “off-ridge” conditions (Class 11, Class III and
crosshite) and unyielding tissues, the two techniques again checked accu-
rately. In another group of patients with off-ridge relations and normal-
to-easily displaced tissue, the two techniques checked accurately in an
anteroposterior direction but not for equalization of pressure. In this
group, he found the wax interocclusal records checked repeatedly with
each other, but the intraoral tracing technique would not check for equali-
zation of pressure, even after the central bearing point was repositioned
several times. “This,” Trapozzano cautioned, “was the effect of the patient
having to keep the bearing point in contact with the bearing surface.”
He felt that considerable experience is necessary for making adequate
wax checkbite records. Sample size and measurement data were not
reported.

Kapur and Yurkstas (1957 conducted a study to evaluate commonly
used methods of recording centric relation. The three methods studied
were: a. Stansbery’s extraoral tracing procedure, b. Hardy's intraoral trac-
ing procedure and c. Hanau’s wax registration procedure. With the wax
interocclusal registration procedure, the tongue tip was placed behind
the posterior palatal edge of the maxillary baseplate to position the mandi-
ble in its retruded position. Three interocclusal centric relation registra-
tions were recorded with each method on each of thirty-one complete
denture patients. The evaluation was performed on an instrument similar
to the Hooper duplicator. It was medified to facilitate the recording of
changes produced by the various techniques. A statistical analysis of the
results was performed which showed the intraoral and extraoral tracing
procedures were more consistent as compared to the wax registration
technique. In patients with flabby ridges, the tracing procedures became
less consistent as compared to their consistencies in patients with good,
and with flat ridges. The authors wrote that, “The consistency of the
extraoral tracing procedure did not vary significantly in patients with
different types of ridges. The degree of consistency of the intraoral tracing
procedure decreased to a significant level in patients with flabby ridges.”
The wax method showed the least consistency on f{lat ridges and the
highest consistency in the flabby ridge groups. The differences in consis-
tency between the intraoral tracing procedure and the extraoral tracing
procedure were not statistically significant. They found the mean deviation
in millimeters of all three methods approached 0.2 to 0.4 mm., and that
this amount, in the case of an edentulous patient, is barely perceptible
clinically.

Arstad (1959 attempted several methods of functional registrations and
found the techniques unsatisfactory. Base movements, biting pressures,
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and resistance of recording materials were the main deterrents.

Nevakari (1961) compared four methods of recording centric relation;
two graphic and two static. The two graphic methods were those of Gysi
and Stansbery. The two static methods were the common interocclusal
wax bite and the maximally retruded interocclusal wax bite. The maximally
retruded interocclusal wax bite was differentiated by having the patient
bend his head backwards and placing the tip of his tongue at the posterior
!301:der of the maxillary baseplate in an attempt to place the mandible
in its most retruded position. The clinical subjects included twenty males
apd twenty females. An attempt was made to choose twenty favorable
.ndge conditions and twenty unfavorable ridge conditions. The same acryl-
ic resin baseplates were used, but the occlusal rims were different. Mea-
surements were made from Posselt’s Gnathothesiometer. Two successive
registrations were made with each technique and the estimated error
was calculated to be 1 mm. in any direction. The results showed that
no method gave the same measurements at all three recording points
in two successive determinations. When the vertical dimension at the an-
terior measuring point was disregarded, the same results in all measure-
menis o1 two successive occasions was obtained in seventy-three instances.
Of these, twenty-eight were obtained using the wax bite method, eleven
with Gysi’s method, seventeen with Stansbery's method and seventeen
with the maximally retruded method. In 85% of the favorable cases,
the maximally retruded wax bite method gave a 0.5 to 2.0 mm. more
distal result than the other methods. Regardless of the method used,
the differences were larger in the lateral direction than in the sagittal
p!ane and the maximal retruded wax bite method yielded the largest
d:fferf-:nces. In the condylar areas, the differences in the successive deter-
minations were in the 0.5 to 1.5 mm. range, indicating the recording
plates had been rocking.

Nevakari concluded that: a. the degree of uncertainty in determining
centric relation in favorable cases is approximately the same for all meth-
ods studied, b. in unfavorable conditions, the intraoral techniques are
more useful, ¢. the maximally retruded bite generally yielded a registration
of .5 to 2.0 mm. to the distal, (however, this method may have registered
a sliding baseplate rather than a jaw position), d. there is no systematic
difference between previous denture wearers and beginners, or between
sexes, e. there is no reason to use the more complicated graphic techniques
because the resuits are no better, and f. the degree of uncertainty with
all methods makes it desirable to selecuvely grind the complete denture
occlusion so that balanced occlusion prevails 1 mm. in any direction around
the centric relation recorded.

Walker (1962) compared a graphic extraoral tracing method to a swallow-
ing method for recording centric relation. He used both techniques on
twenty-one edentulous subjects with residual alveolar ridges as nearly
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ideal as possible. Walker's analysis was_perfcrmed on an ipstrument t}113’u:
he designed for his experiment. The instrument was su_mlar to Posselt’s
Guathothesiometer. A statistical analysis of the data indicated that there
was significant difference in the results .obtained by the two methcids.
The pattern of registrations for swallowing appear forward and be 0\1.\:
that of the graphic-method. Therelore, Walke'r cor}cludes the act of swal-
lowing was shown to be unreliable for the registration of centric relatlc?n.
Michman and Langer (196%) compared three methods of recm."dmg
centric relation in edentulous patients. In the first group of 137 patients,
centric relation was recorded with the wax interocclus.a'l record. Swallowing
was used to position the mandible in its retruded position. The correctness
of this procedure was judged by one of tl.le authors after the dentures
were completed. Seventy-one percent were judged correct and 29 percent
incorrect. Dentures for the second group of 179 patients were cgnstructed
using an intraoral graphic tracing device. The accuracy was ]udg.ed, };115
in the previous group, by examination of the finished dentur.es in the
mouth. Eighty-six percent were judged correct and_ 14 percent incorrect.
In the third group of 123 patients, the wax centric rela‘non_record was
taken with all the maxillary teeth set against posterior bite rims and the
six anterior teeth set on the lower baseplate. As‘ in the f.n:st group, swall}c:wci
ing was used to determine the centric relation position. This metho
was checked against a centric relation record taken with the (;.oble Ba-
lancer. Ninety-six percent were judged correct apd 4 percem.mc‘orrec;.
No measusrements were reported. All determinations were subjective ob-
ions made by the authors. -
Ser‘);'laltrllfsl:as and Kyapur (1964) did not directly compare techniques, bl;t
clinically evaluated factors which influel?ce the wax mter.occllugaldrcl:;or
technique and the graphic intraoral technique. The sample inclu 1e | thirty-
five edentulous patients and comparisons were mac'ie by analysis t(;ln a
tripod-like instrument similar to the Hooper d}lphcator. The au d'ors
wrote, “In the wax recording procedure, the consistency of the recor u;lg
wax, its degree of hardness, its degree of bilateral hpmogenelty, the
amount of occlusal contact, and the presence of anterior freedom, in-
fluenced duplicability to a significant level.” They su:xggested that the;(fi:
should be no closing pressures or contacts in the anterior. The wax shoull
be soft, placed only in the bicuspid and molar areas, and be bilaterally
us. .
holﬁ)?-gtil:fe?mraoral tracing procedure, the a_uthors conc!uded that, “The
location of the central bearing point, antel.*lorly, postenorly or }aterz;lly,
the inclination of the central bearing point in relation to the tracing p a;:e
(whether it be perpendicular or mounted at an angle.to it), a.md the
inclination of the tracing plate in relation to Fhe underlym_g bc?rmg{ suhr-
faces played an important part in determining l‘hflf dupllca‘blhty of the
records.” To achieve greatest clinical accuracy, minimal closing pressure
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must be exerted during its execution and occlusal focus must be centralized
and equally distributed to the underlying ridges.

Kihl and Frank (1966) constructed twenty-five complete maxillary and
mandibular dentures. Some were constructed using an intraoral graphic
recording and the remaining made using wax interocclusal records. After
wearing the dentures for three weeks, and remounting with an intraoral
recorder (which was presumed correct), it was shown that the wax interoc-
clusal record dentures had occlusal disharmonies and were generally more
troublesome.

Glantz (1966}, with ten edentulous patients, compared the Hanau simple
wax interocclusal technique with the Stansbery extraoral graphic tech-
nique. Measurements for analysis were made on a crank slide rest with
accuracy to one-hundredth of a2 millimeter. The results showed that the
variation was smaller in width as well as more retruded for the Hanau
technique. These findings are statistically significant. However, there are
variations as great as 3 mm. between the results of both methods, and
in no case were two identical results achieved.

Kiihl (1967) reported observations in ten treated edentulous patients.
He found that occlusal discrepancies, when using wax interocclusal re-
cords, may cause distractions in the temporomandibular joint. Lateral
nonocclusions in the premolar and molar areas, not clinically seen in
the mouth, showed in distractions of the temporomandibular joints.

Kiihl and Rossbach (1968) compared swallowing interocclusal checkbites
with Gothic arch checkbites in forty-five patients. When the two proce-
dures showed a great variation, two dentures were constructed; one in
the position determined by swallowing and the other occluded in a position
approximately 1 mm. posterior to the apex of the Gothic arch. The patients
preferred the second denture.

Grasso and Sharry (1968) reported a study on the duplicability of the
arrow-point {Gothic arch) tracing in dentulous subjects. The objective
of the study was to determine whether the apex of arrow-point was con-
stant over a period of time in subjects with a sound dentition. Fifteen
male subjects were chosen. Acrylic resin appliances were made to cover
the dentitions. Bearing points were added to the upper appliances and
receptacles to accept milled steel plates (bearing surface) were created,
Each subject recorded three consecutive Gothic arch tracings on the first,
fifth, fifteenth and twenty-ninth days. The milled steel plates, with the
graphic tracings, were measured in a micrometer-like instrument. Two
readings were made of each tracing in both the anteroposterior and lateral
directions. The results showed the average variation in the anteroposterior
direction as 0.25 mm. and in the lateral direction 0.44 mm. Nine of
the fifteen subjects had a variation pattern that was more wide than
long. The variability of the apex position occurred over one day, and
twenty-nine day periods. Grasso and Sharry suggested that perhaps the
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primary control of border movements is muscular and not ligamentous.
They also stated that no conclusions were possible concerning the size
of the area of variability in denture patients, because the resiliency of
the basal seat was a variable not encountered in the experiment.

Preti ¢1969) constructed eight complete dentures with wax interocclusal
records and eight dentures using an intracral graphic device, (according
to the technique of Gerber). The dentures were analyzed and the results
pointed to the advantages of the central bearing point technique.

Marxkors (1970) compared Jankelson’s stretch-reflex method to an in-
traoral technique {McGrane). It was found that in about 50 percent of
the cases, the mandible is retruded further with the stretch-reflex tech-
nique.

Helkimo, Ingervall, and Carlsson (1971) reported a study of variations
in recording the retruded position and muscular position of the mandible
in ten dentulous subjects. Acrylic resin splints were fabricated for each
arch. The maxillary splint held interchangeable waxed glass slides and
the mandibular splint carried a central bearing point. They found the
retruded position (operator guided) was the more repeatable position,
whether achieved by terminal hinge movement, or by tracing the Gothic
arch, 1t was not affected by the subject’s posture (lying or sitting), or
the position of the operator (right or left). The accuracy was nearly the
same in the anteroposterior and medio-lateral directions. The muscular
pasition exhibited less precision and was found to be the furthest anterior
while standing, and the further posterior while lying. They concluded
that because of its reproducibility, the most retruded position is suitable
as a reference position in functional analyses of occlusion.

The difficulty in analyzing clinical research comparing various centric
relation registration techniques stems from the lack of a standard reference
pasition. It is impossible to determine which technique records the correct
centric relation jaw position.

ECCENTRIC JAW RELATION RECORDS

Eccentric jaw relation records are generally used to set the condylar
and lateral condylar guidances of semi-adjustable and adjustable articula-
tors. This articulator guidance is thought to approximate the condylar
guidance in the patient. However, “the role played by the temporomandi-
bular joints as guidance is still a controversial subject”™ (Posslt, 1960). Some
authors (McCollum and Stuart, 1955} claim that condylar guidance is a definite
determinant of mandibular movements. Posselt found this in contradiction
to the findings of Wustrow (1918). Wustrow placed a glass ball between
the teeth on one side of a patient's dental arch and when the patient
closed with force, it appeared the working condyle moved vertically away
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from the fossa while the balancing condyle appeared to move further
into the fossa.

Posselt (1960} performed an experiment with the McCollum Gnatho-
graph fixed to a patient with natural dentition. Changing the tooth guid-
ances and allowing the patient to chew did not change the registrations
of the sagittal condylar paths. Other authors have found similar results
{Cohen, 1956; Claytor, Kotowicz and Myers, 1971). Munzeshelmer (Posselt 1960; Arstad
1959) found similar results in complete denture patients. Posselt repeated
Wustrow’s experiment with a steel ball and found similar results. However,
biting on a hard gutta percha ball {(which allowed twoth indentation) did
not show a stylus deviation from the sagittal path registration as occurred
when biting on the steel ball. Posselt noted that gliding movements in
all possible directions did not produce a linear condylar path in the sagittal
plane. This, he asserted, is not an error in the tracing, but merely a
two-dimensional projection of a three-dimensional movement surface. Pos-
selt’s findings confirm the results of McCollum (i939) and Stuart (1959
in that identical paths of the condylar styli are recorded regardless of
tooth guidance. He found that definite paths were recorded during empty
glidings and during chewing movements, Posselt (1960) wrote, “Sicher made
the point that when noncontact movements are carried out within limits
of the movement space, the character and shape of the temporomandibu-
lar joints are of no significance for the movements of the mandible,
However, when contact movements are performed, the path of a molar
cusp, for example, is influenced by both incisal and condylar guidance.”
Posselt stated that contact and border movements are important for two
reasons:

1. "Teeth and joints influence mandibular movements when the upper
and lower teeth make contact. Such contact movements are relevant
in obtaining stress distribution in restorative and prosthetic work.

2. Reference movements and positions as used in bite registration are
generally of the extreme border type.”

Records of eccentric occlusal positions in the horizontal plane are made
in protruded and lateral positions. These static positions can be made
with both intraoral {static and functional) and extraoral techniques. “The
three most common techniques are with checkbites with wax, positional
records of stone or plaster and, lastly, by means of pantography,” (Skarry,
1968). This review will be directed toward the reproducibility of a given
technique and comparisons of combinations of the mentioned techniques.

Gysi wrote, "Checkbites with wax or compound are necessarily so unre-
liable as frequently to lead prosthetists into grave errors.” He also wrote,
“We have never been able to get the same registration twice on the same
patient at the same sitting and I have never found anyone who could.
The results differ from 5° to 25° above or below the individual conditions.”
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Craddock (1949} recorded multiple protrusive and lateral wax interocclu-
sal records and made roentgenograms (after Lindblom) on three dentulous
patients. He analyzed the articulator settings and roentgenograms and
found the use of intraoral wax records of eccentric jaw relations for
the adjustment of horizontal condylar guidance on anatomic articul-at(.)rs
to be invalid and unreliable. He mentioned that “to get an eccentric in-
terocclusal record that can be used, the degree of protrusion is beyond
the functional range.” Craddock believed the inconsistency would be
greater in complete dentures because of tissue resiliency and that a change
in 10° horizontal condylar inclination produces a change of 0.5 mm. in
the second molar region. )

Narbe and Arstad (1950 experimented with Stansbery’s and Gysi’s tech-
niques. They stated, “Provided the centric position is correct, exact adjust-
ment of the condyle path of the articulator is not of vital importance,
because the resilience of the mucosa will to a certain extent compensate
any such incorrectness.” ] .

Arstad ¢1959) made cross comparisons of articulator settings for various
techniques of recording eccentric movements for seven complete dentl_lre
patients, The techniques included those of Gysi (with _cen.tral bearing
point), Stansbery, Hanau, and the engraving and Che.wmg-m methoc}s.
He found that only Gysi’s and Stansbery’s technique yielded any consis-
tency in recorded articulator values. This was not four.:d for. all patients.
He concluded that none of the methods using situational interocclusal
records can be considered reliable when a thermoplastic material is used,
and that functional engraving or “grinding-in" techniques re.gister move-
ments of the mandible plus those of the bases on the soft tissue. Arst;.ld
believed that none of the methods mentioned guaranteed a correct regis-
tration of mandibular movements. He advocated the use of an average
value articulator rather than being uncertain about the time-cgnsum'mg
task of recording mandibular movements in the edentulous patient.

Posselt and Franzén (1960) performed a study similar to that of Craddock.
Muliiple protrusive wax interocclusal records were taken on thre.e dentu-
lous patients. The results showed a slightly less, but still considerable,
standard deviation. The errors were not so large that the actual values
of the recordings were thought meaningless. The large var‘iation, among
other things, was thought due to the error of a tipped cast pelng mag:}lfxed
in the condylar arez. In a second part of the same study, using ten patients,
Posselt showed that the amount of protrusion recorded should be 4 mm.

He thought that & 10 8 mm. was best from a mechanical standpoint and
2 mm, most favorable from a physiological standpoint. Four mm. was
suggested as a compromise. The data was collected from three instru-
ments; the Dentatus articulator, the Bergstrém articulator and the Gnatt%-
othesiometer. The two articulators compared favorably, but the unreliabi-
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lity of the Gnathothesiometer was greater than the Bergstrom or Dentatus
instruments.

Posselt and Skytting (1960) also reported a study of ten dentulous patients
in which multiple protrusive recordings were made with the Gysi technique
(modified slightly by using lateral excursions). He found the error of
the graphic method to be about twice that of the intraoral wax method
(£5.4° as compared to +2.3%. He felt the error was mainly caused by
difficulty in drawing a tangent to the curved condylar path rather than
the recording, and that the problem is overcome in the pantographic
technique,

Posselt (19617 investigated the frequency of condyle path inclination as
determined by the protrusive wax interocclusal record. One hundred and
one dentulous subjects were used. As related to the Frankfort plane,
the greatest frequency was found to be between 40° to 50°. He found
that the condyle path registration by means of wax interocclusal records
possesses some value, Ekensten (Posselt 1961) found that wax interocclusal
records (from edentulous patientsy were favored over the Gysi's graphic
registration, :

Dubois (1966) conducted a study to determine if changes occur in the
protrusive condylar inclinations during the first ninety days that complete
dentures were worn. Ten edentulous patients with firm, healthy mucosa
were selected as subjects. Recordings were made during construction,
at delivery and ninety days after insertion. It was found that five condylar
path inclinations decreased and fifteen increased after ninety days, In
most instances, it was found that if the condylar guidance inclination
used in the denture construction was stecper than the condylar path
inclination at the time the dentures were inserted, the condylar path
inciination became less steep after wearing the denture ninety days. If
it were less steep, as recorded during construction, it became steeper.
He concluded that the condylar path may change during the first ninety
days following denture construction. Dubois advocated the use of correct
condylar inclinations in complete denture construction.

Langer and Michman (1970) evaluated the lateral tracings recorded in-
traorally with a Coble Balancer on 139 edentulous subjects. They retraced
the lateral movements on the Hanau model H articulator and set the
lateral condylar inclinations. The lateral condylar inclinations were then
calculated using Hanau's formulz and the settings of the two methods
compared. They found that the tracings of 114 subjects (82 percent)
were within a range of 17 = 9° of the lateral condylar adjustment on
the articulator.

Frazier, et al. (1971) examined the relative repeatability of plaster interoc-
clusal records for articulator adjustment in the construction of complete
dentures. A kinematic face-bow transfer was made to a Whip-Mix articula-
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tor. A centric relation plaster interocclusal recording was used to mount
the mandibular cast. The selected artificial teeth were set and the centric
relation mounting verified. With the teeth set in wax, multiple protrusive,
and right and left lateral plaster interocclusal records were recorded by
three different dentists. Each dentist used the records he made to adjust
the articulator. Articulator calibrations were read and recorded by a
trained dental assistant. In an additional part of the study, four dentists
set the instrument to plaster interocclusal records taken from casts mount-
ed in an articulator with known condylar settings. After a statistical analy-
sis, they concluded that the greatest error occurs in making the record.
Each dentist was highly consistent with himself for a given patient but
was not as consistent with other dentists using the same patient. Plaster
interocclusal records in the protrusive and lateral positions were thought
repeatable enough to render them useful as a basis for treatment.

The principles involved in the pantographic technique, their practicality,
and their reproducibility, have been questioned by many authors (Hall,
1929; Kurth, 1942, 1954; Sheppard, 1958; Landa, 1958; Shanahan and Leff, 1959-1964; Page,
1964; Watt, 1968) and advocated by others (McCollum, 1939; Cohen, 1956; Posselr,
1960; Kotowicz, Clayton and Smith, 1970; Clayton, Kotowicz and Myers, 1971; Clayton, Kotowicz
and Zahler, 1971). Pantography has been noted for its advantages in the
recording of jaw movements, but has not been totally accepted by complete
denture prosthodontists because of the heavy equipment and movable
bases encountered with this method (Sharny, 1968). Kotowicz, Clayton and
Smith (1970) found pantographic-recording reproducibility to be a practical
quality of border movements in dentulous patients. Lucia (1961) and Gui-
chet (1969 illustrated the use of the pantograph in complete denture
prosthesis. Research concerning duplicability of tracings or articulator
settings for edentulous patients could not be found.

While the materials used in complete denture construction have been
steadily improving, the procedures of recording and transferring jaw rela-
tions have not. There has been no noticeable change since the early part
of this century. Efforts by dentists to improve complete denture construc-
tion (i.e., recording eccentric jaw relations and using adjustable articula-
tors) are often considered too time-consuming for any advantages gained,
when considering the movement of the denture bases. Correspondingly,
clinical research on the treatment of edentulous patients is deficient.

1f a balanced and stable occlusion is desirable, it is necessary to program
more information into the articulator than just a centric relation jaw
record. This, in fact, is more true than if an occlusion with no balancing
contact is desired. Sophisticated techniques must first be proven as to
their degree of effectiveness before they can expect to be accepted by
the majority of practicing prosthodontists.
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Occlusion as Related to Complete Removable
Prosthodontics

H. O. BECK

Occlusion of complete dentures has been a concern since ancient times
when attempts were made to replace lost teeth. Teeth carved from ivory
and fastened to gold plate have been found in mummies dating back
more than 2,400 years. Others found were made of bone and wood.
Although those who practiced this art of carving possessed certain degrees
of skill the occlusal surfaces may be said to be nondescript or unclassifiable
and often of several forms in the same series of carvings.

Among the principal contributors in the development of posterior den-
ture teeth of different occlusal forms in the last 50 years have been Sears
[1953], Gysi [1929], Hall [1929], French [i954], Kurth [195¢], and Hardy
{1951]. Many other occlusal forms appear to be modifications of the original
patterns,

The designs of posterior teeth generally have been based on the mor-
phology of the natural teeth and the temporomandibular joints, observa-
tion of movements of the mandible, clinical observations of wear facets
on the natural teeth, chewing efficiency, and /or empirical and subjective
values assigned by the designers based on clinical experience and judg-
ment. Other contributions have been made in other continents. Thus,
a variety of occlusal forms have been accepted for complete dentures
without long-term investigations and statistical analyses of the advantages
which may be attributed to each form.

Woelfel* recently reported on a five-year clinical study of a comparison
of three occlusal forms, i.e., ¢, 20, and 33 degree teeth in complete den-
tures. He suggests as one result of his study that the selection of 0 and
20 degree teeth should be based on other factors than an attempt to
maintain the supporting structures of the dentures. Another long-term
study of a different nature relates tooth form to two different techniques.
It was begun several years ago and hopefully will disclose further statistical

Reprinted with permission from ]. Prosthet. Dent., 27:246-256, 1972; copyrighted by
the C. V. Mosby Co., 5t. Louis, Missouri.
*Woelfel, ]. B.: Personal communication,
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significance after the ten-year period of study is completed. Progress of
the study has been reported by Hickey, Henderson, and Straus [1969].

Payne [1955] listed definable guidelines for the selection of occlusal
patterns based on anatomic oral tissue conditions and jaw positions in
centric relation. A chart which outlines the selections has been exceedingly
helpful for dentists who do not strictly subscribe to one tooth form and
concept for all patients.

In the broadest sense, complete dentures should fulfill the requirements
of (1) esthetics, (2) harmonious function, and (3) maintenance of hard
and soft tissues of the edentulous arches. Important contributions enabling
the dentist to attain these goals have been made by the Academy of
Denture Prosthetics through periodic publications [Schuyler, Jordan and Sears,
1952 and 1953; Academy of Denture Prosthetics, 1963; and Lytle, Atwood and Beck, 1968].
Important information and suggestions have been detailed in statements
covering various phases of prosthodontic treatment including conditioning
and preparation of the patient for dentures, the making of impressions,
the recording of jaw positions, the transfers of records, and the use of
articulators, as well as provisions for an esthetic denture. Very little guid-
ance is given for the selection and arrangement of one or more occlusal
forms of denture teeth, except in stating that bilateral balance is desirable
and that teeth should allow for unlocking in centric occlusion.

ESTHETICS

One of the factors in developing an esthetic denture is dependent
upon the reaction of the patient and the dentist to the color (shade)
of the teeth to be chosen. Color is a three-dimensional entity consisting
of hue, chroma, and value.* Hue is the designated color such as red,
yellow, or green. Chroma is the strength or purity of the color, and
value is the lightness or darkness of the color as compared to a gray
scale ranging from white to black.**

Another factor to be considered in esthetics is the arrangement of an-
terior and posterior teeth. Judicious proximal spacing between the teeth
will result in depth perception. Tinting of the bases where they are visible
will add to depth perception by the observer.

HARMONIOUS FUNCTION

Harmonious function of complete dentures is the requirement which
exhibits harmonious occlusal contacts in centric and eccentric maxilloman-

*Munsell Color Order System, Munsell Color Company, Inc., Baltimore, Md.
*+Sproul, R. C.: Personal communication.

Articulators and Articulation 123

dibular relations and which is in harmony with the neuromuscular mecha-
nism and the temporomandibular joints in the functional ranges of speak-
ing, chewing, and swallowing, and with parafunctional movements includ-
ing “exploratory or nonfunctional movements.”### In narrowing the part
of function applicable to the occlusal and incisal areas of the denture
teeth, occlusal balance is defined as, “. . . a conditon in which there
are simultaneous contacts of the occluding units on both sides of the
opposing dental arches” [Boucher, C. 0., 1963]. This definition can be applied
to centric occlusion as well as eccentric occlusal contacts.

Occluding units in complete dentures under functional contacts away
from ecentric occlusion are referred to as being in a balanced occlusion
or in a2 nonbalanced occlusion.

A balanced occlusion is defined as . . . the simultaneous contacting
of the upper and lower teeth on the right and left sides and in the
anterior and posterior occlusal areas of the jaws. This occlusion is devel-
oped to prevent a tipping or rotating of the denture base in relation
to the supporting structures” [Boucher, C. 0., 1968]. It must follow that a
nonbalanced occlusion would not fulfill the conditions of simultaneous
contacting of the upper and lower teeth in eccentric positions. The ques-
tion of immediate concern is how far from centric occlusion do tecth
contact in their functional ranges and how far should potential deflective
contacts be avoided to eliminate tilting or rotating actions on the denture
bases?

Jankelson, Hoffman, and Hendron [1953] suggested that there were
not enough factual reports in the literature to substantiate a balanced
occlusion. They further suggested, as evidenced by cinefluorographic stu-
dies, that centric occlusion is the only tooth contact of any significance.
They stated that, “There was no evidence that balance of teeth in eccentric
positions is a physiologic necessity, or that lack of eccentric balance is
less conducive to masticatory function.” The cusp angulation in six patients
who had 0 to 45 degree cusp teeth in dentures appeared to have no
influence on the manner of incision, Occlusal balance was not obhserved
as long as the bases remained in contact with the supporting tissues.
The influence of the tongue in retaining the dentures, however, was
obvious.

Yurkstas and Emerson {1954] reported that twelve patients with nonana-
tomic teeth (0 degree) in dentures had considerable contact of teeth on
the working sides, and nearly 100 per cent had contact on the balancing
sides. Dentures made with post-molar ramps exhibited no contact on the
working sides but did show some contact on the balancing sides. Their
investigation was comparable in method to part of that of Jankelson,
Hoffman, and Hendron [1953].

*#*Larkin, J. D.: Personal communication.
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Brewer and Hudson [1961] used radio signals to record chewing contacts
of teeth. This procedure was the first to eliminate direct wiring out of
the mouth to the recording unit. This pilot study on two patients showed
that chewing contacts occur on the cusp heights as well as in centric
occlusion. A later report by Brewer {1963] indicated that the type of cusp
form and harmony of balanced occlusion caused variation in the number
and type of contacts.

Experiments with natural teeth by other investigators disclosed contacts
in the intercuspal position, increasing in frequency toward the end of
mastication. [Anderson and Picton, 1957]. Lateral tooth contacts did occur al-
though less frequently than in the intercuspal position, and they occurred
before and after the centric occlusal contacts were reached. [Adams and
Zander, 1964].

MAINTENANCE OF HARD AND SQOFT TISSUES

The maintenance of hard and soft tissues of the dental arches is difficult
to relate to occlusal patterns and occluding concerns alone. Other factors,
such as (1) properly fitted bases, (2) correct jaw relation records and
transfers to an instrument capable of holding what is recorded, and (3)
the arrangement of teeth for the best stability, and other procedures
have an influence on tissue maintenance. Undoubtedly, occlusal patterns
and the types of occlusions developed must exert considerable influence
on the soft and hard tissues. When more long-term independent studies
with statistical evidences are completed, guidelines for the selection of
occlusal patterns may be forthcoming. Investigations as designed by Woel-
fel* and by Hickey and associates [1969] have stimulated further research
in depth and scope. The Academy of Denture Prosthetics should then
be in the position to include definable guidelines for occlusal concerns
in its publications {1963].

Ten contemporary occlusal concerns will be reviewed by schematic draw-
ings, several of which appear toc be used more than others. Of these,
the first five are in the balanced occlusion concept, and the remaining
five are in the nonbalanced category in eccentric occlusal positions. Un-
doubtedly, more exist, but they should be in one of the ten categories
by virtue of being modifications. Detailed techniques and procedures,
efficiency and mastication performances will not be evaluated. However,
forces exerted by tooth contacts which could be transmitted to the basal
seat areas are illustrated in the diagrams. The directions of these forces
are usually perpendicular to the opposing surfaces in gliding contacts.
Small frictional forces present would alter the directions by small unknown

*Woeliel, ]. B.: Personal communication.
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amounts, and variations in the positioning of the teeth to obtain a balanced
ocelusion would also alter the directions of these contact forces.

BALANCED OCCLUSIONS

(1) The definite cusp form which represents anatomic and semi-anato-
mic configurations dates back to 1909 when “twentieth-century anatomical
bicuspids and molars” were introduced by the Dentists' Supply Com-
pany.** This culminated in the 33 degree cusp form in 1914 as advocated
by Gysi {19291 (Fig. 1, A). A classical lateral movement is shown where
cusps contact bilaterally to enhance the stability of the dentures (Fig.
1, B). Fig. 1, C and D, depicts deflective contacts in extreme lateral posi-
tions which may cause tilting actions of the bases.

**Dentsply International, York, Pa.
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Fig. 1. (A) Diagram of anatomic or semianatomic cusp teeth in centric occlusion with aver-
laps in the anterior region. The composites of the contact forces are directed toward the
ridges. (B) From a right lateral movement, cusps glide on opposing inclines. Although
bilateral coniacts stabilize the dentures, the contact forces are directed away from the ridges.
{C) In a condition of deflective occlusal contact on the balancing side, the contact force
is directed outside the ridges. (D) In strong working-side contacts on both cusp inclines,
contact forces are alse directed outside of the ridges.
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Fig. 2. {A) In centric occlusion, half of the width of lower posterior teeth heips to direct
the occlusal contact forces on the lingual side of the ridges in a buccal direction to the
lower ridge. (B) From a right lateral position toward centric occlusion, the contact forces
are directed toward the ridges on the working side (W) and away from the ridges on
the balancing side (B) {(French's posterior teeth).

(2) Fig. 2, A and B, illustrates the reduction of the occlusal table
of the lower posterior teeth to increase the stability of the dentures as
advocated by French [1954]. The upper posterior teeth have slight lingual
occlusal inclines of 5 degrees for the first bicuspids, 10 degrees for the
second bicuspids, and 15 degrees for the first and second molars, so
that a balanced occlusion could be developed laterally as well as anteropos-
teriorly by the arrangement of the teeth on a curved occlusal plane.

(3) Sears [1953] was one of the greatest expenents of the nonanatomic
tooth forms. He introduced his chewing members in 1922 and his channel
type posterior teeth in 1927. These teeth had a restricted acceptance
at first. Modified nonanatomic tooth patterns from the early types have
been accepted much more extensively since then. A balanced occlusion
can be developed by a curved occlusal plane anteroposteriorly and laterally
or with the use of the second molar ramp (Fig. 3, A and B).

(4) The next occlusal concern employs a posterior reverse lateral curva-
ture except for the second molar which is set with the customary lateral
curvature {Wilson curve) to provide a balanced occlusion (Fig. 4, A and
B). Pleasure [1953] rationalized that the occlusion should be of special
design due to the instability of the lower denture. Resultant forces should
be directed vertically and / or lingually. He further envisioned that research
should result in a machine which could test, “. . . (1) the forces encoun-
tered in closing through food; {2} the number of chewing cycles vequired;
(8) the amount of lateral displacement induced in the tooth support during
a normal chewing cycle against resistant food.” He stressed that forces
of cutting and shear with a reduction in the displacement of bases are
more important than the triturating efficiency to evaluate posterior tooth
form in terms of maintaining the supporting structures.
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Fig. 3. (A) Nonanatomic teeth will exert contact forces toward the ridges in centric occlusion.
{B) From a right late_ral position toward centric occlusion, gliding surfaces will direct contact
forces toward the ridge on the working side (W) but will direct contact farces toward

_the buccal side of the ridges on the balancing side (B), depending on the degree of lateral
inclination of the second molars,

{5) The last occlusal design in the balanced category employs an arbi-
trary articulator balance, followed by intraoral corrections to obtain ba-
lance, and it illustrates a linear occlusion which is intended to give a
one-dimensional contact between the opposing posterior teeth as advocat-
ed by Frush [1967] (Fig. 5, A and B). A blade on the lower posterior
teeth contacts essentially flac surfaces of the upper teeth set at a slight
angle to the horizontal. The intent in this concern is to eliminate occlusal
deflective contacts and, thus, provide greater stabilization of the dentures.

OCCLUSAL PLANE OCCLUSAL PLANE
HORIZONTAL WITH RAMP

HORIZONTAL WITH RAMP
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%& ey A %FB
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HORIZONTAL REVERSE MOLARS STABILIZED
VERTICAL LATERAL WITH
CURVE RIGHT RAMP

Fig. 4. (A) An arrangement of teeth with a reverse lateral curve through the first molars
vu_rill direct contact forces toward the lingual side of the lower ridge and toward the buccal
side of the ridge at the second molar ramp. (B) Gliding surfaces will direct contact forces
toward the lingual side of the lower ridge on the workng side (W) and toward the buccal

side of the ridge on the balancing side (B), depending on the inclination of the second
molar ramp.
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Fig. 5. In a linear occlusal concept the contact force would be directed toward the rit%ges
and slightly toward the buccal side at the given inclination of GIdeg.rees. (B) From a .rlght
lateral movement, the directions of contact forces would be maintained toward the ridges

and slightly toward the buccal side of the lower ridge.

NONBALANCED OCCLUSIONS

(6) Fig. 6, A and B, depicts a concept as advocated by Pound [19'71}
which stresses the positions of the anterior teeth to preserve or re-establish
the phonetic values of the patient in harmony with increased denture

OCCLUSAL PLANE OCCLUSAL PLANE
—._.——!——'_'/

A___,_,___o——'——’
B =]
2 v _

‘PL.’_ TCLASS |
- G

; /A
OVERLAPS CENTRIC OCCLUSION P -112 mm. * RIGHT

HORIZONTAL 33° UPPERS

2 - 3 mm. 20" LOWERS

VERTICAL

Fig. 6. (A) One of several combinations of posterior Loo[_h desi.gns is lllustratfdf;:.:;:h;crl:
upper lingual cusps make contact in lower fossae afld in which thel com_acl dorees o
directed toward the ridges. Gold occlusal inlays he_lp maintain [h? occlusal vertica di 'n(;]ines.
(B) From a right lateral paosition, only the upper lingual cusps glide on lowk?Ppos'l,;lg 11"e s
into enlarged fossae in the lower teeth. The buccal cusps on the working 51h ea ¢ o

of contact, and there are ne balancing-side contacts. T_he comuact forces on the b:u rg
side are directed toward the lingual side of the lower rlglge. i‘\ccurahte“retenuve ! ses a t;
indicated. This concept also uses phonetic sounds of “F,” “V,” and “S” for the placemen
of the anterior teeth before the posterior teeth are arranged.
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Fig. 7. (A) A concept which uses deep vertical overlaps, when indicated phonetically and
esthetically, and anatomic posterior teeth with full gold acclusal surfaces is illustrated. The
upper lingual cusps and lower buccal cusps contact opposing fossae, and the compusite
directions of comact forces are exerted toward the ridges. (B) From a right lateral position
to centric occlusion, cuspid guidance disoccludes the posterior teeth until occlusal contact
is made in centric occlusion. Accurate retentive denture bases are a requirement in this
concept.

stability and efficiency with the chewing cycle. Several characteristics of
this concept are the incorporation of sharp upper lingual cusps in opposing
widened fossae of the lower teeth in centric occlusion, the reduction of
the buccal cusps of the lower posterior teeth, and the eclimination of
deflective contacts by the use of occlusal adjustment wax on the completed
dentures. In effect, the occlusion is lingualized by the elimination of con-
tacts on the buccal cusps and by the anteroposterior arrangement of the
lower posterior teeth so that their lingual surfaces are on or within the
lingual side of a triangle from the mesial area of the lower cuspid to
the sides of the retromolar pad. Partial occlusal metal inlays may be used
to minimize wear on teeth and, thus, help maintain the vertical dimension
of occlusion.

(7) Another concept utilizes a 33 degree cusp form with full occlusal
gold surfaces (Fig. 7, A and B).* The anterior teeth are set to the require-
ments of phonetic values. Extreme vertical overlaps producing cuspid
guidance are frequently used, resulting in disocclusion of the posterior
teeth away from centric occlusion. Characteristic of this concept is the
use of pantographic tracings and the transfer of these recordings to an
instrument to eliminate all potental deflective contacts in the arrangement
of the posterior teeth.,

(8) A contemporary occlusal design which is used extensively utilizes
nonanatomic teeth in a straight occlusal plane, usually horizontal, when

*Aull, A. E.: Personal communication.
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Fig. 8. {A) Nonatomic posterior teeth in a flat plane with a minimal vertical overlap in
the anterior region is a widely used concept. The contact forces are directed_ toward ‘the
ridge bilaterally in centric occlusion. (B} From a right lateral position to centric occl}mon,
only the buccal cusps on the working side (W} contact if the path of the condyle is not
parallel to the occlusal plane. Tilting of the bases and shear lateral forces may result if
extreme gliding occlusal contacts are made (B).

the casts are mounted horizontally in an instrument (Fig. 8, A and B),
All-porcelain or all-plastic posterior teeth may be used, or combinations
of posterior teeth of porcelain upper and plastic lower teeth, or me.tal
shearing blades may be incorporated in a block of the upper posterior
teeth occluding against lower porcelain teeth as advocated by Hardy [1951].

(9) Occlusal pivets were advocated by Sears (19567 (Fig. 9, A .a_nd_ B).
The primary concerns are that the mandible be placed in equilibrium
by maintaining the load in the molar regions, that the procedure protects

QCCLUSAL PLANE
- ————T T — DIVERGENT

OCCLUSAL PLANE

e ——
HORIZONTAL WIiTH PIYOTS
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Al . é B o SU Av_ﬁ‘cj_s
Lt
Aw 8 2nd
OVERLAP  CENTRIC OCCLUSION " RIGHT  MOLARS
HORIZONTAL AT PIVOT

Fig- 9. (A) Pivoting in the posterior region of a flat occlusal plane has been u_sed to alleviat_e
temporomandibular joint symptoms. Contact forces are directed toward the nd_ges in centric
occlusion. (BjFrom a right lateral position to centric occlusion, only the working-side pivot
will contact if the path of the condyle on the balancing side (B) is not parallel to the
occlusal plane,
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Fig. 10. (A} A concept which utilizes a flat anteroposterior occlusal plane and a reverse
lateral curve is not used extensively. Contact forces are directed toward the lingual side
of the lower ridge in centric occlusion. (B) Occlusal contact is maintained in a movement
from a right lateral position to centric occlusion on the working side (W) only, with contact
forces directed toward the ridges. (B), Balancing side.)

the temporomandibular joints against injury, and that the stresses are
also reduced in the anterior regions of the ridges in anticipation of tissue
maintenance.

(10) A reverse lateral curvature in the occlusal arrangement is used
infrequently (Fig. 10, A and B). The mounted casts and the occlusal
plane are on a horizontal plane in the instrument without a posterior
ramp which results in a nonbalanced veclusion in eccentric positions. One
type of this occlusal pattern was developed by Kurth [1954] and consisted
of posterior tooth blocks in series of four teeth which were arranged
on a flat anteroposterior occlusal plane with a reverse lateral curve (reverse
of Wilson curve).

CONCLUSIONS

(1) Ten occlusal concepts with different occlusal arrangements for com-
plete dentures have been reviewed.

(2) Five of these designs are in the balanced concept, and five in the
nonbalanced concept.

(3) Contact forces which are transmitted to the basal seat areas of dentures
vary with different occlusal patterns and designs.

(4) Efficiency of the teeth in triturating food in mastication is a factor
which also needs evaluation relative to maintenance of supporting
tissues.
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(5) A few long-term investigations are in progress to evaluate statistically
{a) several tooth forms and compare them and (b) the use of one
tooth form with different clinical procedures.

(6) Itis conceivable that more than one occlusal design can provide satis-
factory denture service and fulfill the requirements of esthetics, func-
tion, and maintenance of supporting tissues.

SUMMARY

Occlusal designs and their resulting functions are of concern to the
dentist 50 that loss of the remaining tissues of the mouth, which may
be attributed to the occlusion, can be minimized. This is difficult to assess
since living tissues change and physiologic tolerances vary. More long-term
statistical investigations are necessary to compare the various occlusal de-
signs so that more definable guidelines may evolve. Until such guidelines
are available the dentist must rely on his clinical experience and clinical
judgment to select the occlusal design or designs of his cheice in the

treatment of complete denture patients,
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SECTION REPORT

INTRODUCTION

Between the years 1840 and 1970, 333 United States Patents were issued
which cover dental articulator designs (Howse, 1971). There is a need to
correlate articulators to articulation. A chart was designed to bridge be-
tween the review of the literature for this Section, by Frank V. Cglenza,
and the deliberations of the Workshop contributors.

DEFINITIONS

As some terms defined in the Glossary of Prosthodontic Terms (1968}
were not acceptable for application by this Section, it was necessary to
define several terms for convenience:

Articulater. A mechanical device to which maxillary and mandibular
casts are attached.

Cast relator, (as described in the literature review). Same as articulator.
Balanced centric occlusion. Bilateral simultaneous centric tooth contact.
Balanced eccentric occlusion. Bilateral simultaneous eccentric tooth contact.

Eccentric nonbalanced occlusion. Lack of equal distribution of vyeights
and /or quality between two sides, such as protrusive nonbalance, bilateral
nonbalance, and working side nonbalance.

Pantographic record. Three-dimensional graphic tracings of the patient’s
pathways of condyle movements.

Stereographic registration. A molded and engraved record of condyle
pathways. It records border form and intraborder form created as path-

ways of condyle movements.

ARTICULATORS AND ARTICULATION

The accompanying chart is designed to list several methods for complete
denture construction. Articulator design, records required, and occlusal

Articulators and Articulation 135

ARTICULATOR DESIGN

RECORDS REQUIRED OCCLUSAL SCHEME

Class I, Subdivision A. Simple
holding instruments capable
of accepting a single staric
registration, Vertical motion
is possible but only for con-
venience. Those instruments
that do not relate to the tem-
poromandibular joint.

Centric jaw relation
record.

0° linear

Class I, Subdivision B. Simple
holding instruments capable
of accepting a single static in-
terocclusal registration. Verti-
cal motion is possible but only
for convenience. Those in-
struments that do relate to the
temporomandibular joint.

Centric jaw relation
record plus face-
bow.

0° linear

Class Il—Instruments that per-
mit horizontal as well as ver-
tical motion but do not orient
the motion to the temporo-
mandibular joint.

Subdivision A. Eccentric mo-
tion permitted is unrelated
to mandibular motion.

Subdivision B. FEccentric mo-
tion permitted is based on
theories of arbitrary mo-
tion.

Subdivision C. Eccentric mo-
tion permitted is deter-
mined by the patient using
engraving methods, and
here we would not use
average settings, but
would need centric jaw re-
lation record only

Centric jaw relation
record,

Average settings on

articulator, these are

average setting
articulators.

Centric jaw relation
record.

Any occlusal scheme :
desired. i

Class 1I1, Subdivision A. Instru-
ments that simulate condyle
pathways by utilizing aver-
ages or mechanical equiva-
lents for all or part of the
motion. These instruments
allow for joint orientation
of the casts and may be ar-
€Ol or nonarcon  instru-
ments.  Insiruments  that
accept static protrusive reg-
istrations and use equiva-
lents for the rest of the
motion.

Centric jaw relation
record

Face-bow record

Protrusive inter-
occlusal registration

Any occlusal scheme
desired.
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ARTICULATOR DESIGN RECORDS REQUIRED OQOCCLUSAL SCHEME

Class I1I, Subdivision B. Instru-  Centric jaw relation Any occlusal scheme
ments that simulate condyle record desired.
pathways by utilizing aver- Face-bow record
ages or mechanical equiva- Protrusive inter-

lents for all or part of the occlusal registration
motion. These instruments Lateral interocclusal
allow for joint orientation registration

of the casts and may be ar-
con  or nonarcon instru-
ments.  Instruments  that N
accept static lateral protru-
sive registrations and use
equivalents for the rest of

the motion.
Class IV, Subdivision A, Instru- Centric jaw relation Any occlusal scheme
ments that will accept three- record desired.

dimensional dynamic registra-  Face-bow record
tions. These instruments allow  Stereograph record
for joint orientation of the

casts. The cams representing

the condylar paths are formed

by registrations molded and

engraved by the patient,

These instruments do not

allow for discriminatory capa-

bility.
Class IV, Subdivision B. Instru- Centric jaw relation Any occlusal scheme
ments that will accept three- record desired.

dimensional dynamic registra-  Face-bow record
tions. These instruments allow  Pantograph record
for joint orientation of the

casts. Instruments that have

paths that can be angled and

customized either by selection

from a variety of curvatures,

by medification or both and

allow for discriminatory capa-

bility.

schemes possible are listed for each method.

For all types of occlusal schemes used in complete denture construction,
Class 111 and Class IV articulators satisfy most completely the means
for providing individualized denture articulation for the majority of pa-
tients. The more complete and detailed the eccentric registrations used,
the less corrective ad justment may be required in the completed prosthesis.

Some instruments in the Class III category are of the nonarcon type.
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It should be pointed out that the arcon design is preferable in some
ways to the condylar-type of articulator.

When using condylar-type articulators, it is important to note that when
an interocclusal eccentric record is used to set the condyle guides, an
inconsistence can occur in the angle between the fossa and the occlusal
plane. This inconsistency can be compensated for by altering the condyle
guide settings. This accommodation procedure is recommended when
using any nonarcon articulator.

RECORDS

Records required for each type of articuiator have been shown in the
chart. Some position statements are included here.

FACE-BOW. The selected axis face-bow (sometimes termed an arbitrary
axis face-bow) is adequate for the fabrication of complete dentures provid-
ed a minimal thickness interocclusal record is used when centric and
eccentric jaw relations are recorded.

JAW RELATION RECORDS. Two methods for recording centric jaw
relation are commenly used: a. graphic method using a central bearing
point designed to distribute forces equally over the denture seat area,
and b. an interocclusal wax (or other soft material) into which the patient’s
jaw is closed. With the central bearing point method, it is difficult to
place the bearing point in the center of beth the maxillary and mandibular
arches. If the central bearing point is not centrally located, tipping of
the bases can occur. The interocclusal record obtained by tactile guidance
of jaw closure may minimize tipping of the bases.

‘There are varying philosophies as to the amount of pressure desired
when interocclusal records are made, One group recommends minimal
pressure whereby the only pressure supported by the denture bases would
be the weight influence of the recording material used. Another group
chooses to select various pressures which are programmed by the interoc-
clusal recording material used, This could be termed the selective pressure
method and this group believes that this seating of the recording bases
simulates the pressure occurring when using the complete dentures. Pre-
sently no single method or philosophy can be recommended. Record
making is a learned skill and the method used should be individually
chosen.

ECCENTRIC RECORDINGS. There are various ways in which this
can be accomplished, such as with interocclusal records, graphic methods,
pantographic recordings, and stereographic records. All of these methods
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are subject to variability and may be influenced_ by derllture base‘molve-
ments, material variables, operator inconsistencies, patient co.ordm'atlon
and cooperation, and dysfunction in the masticatory system. It is desirable
that all records be reproducible, but reproducibility does not imply cor-
rectness. The fact that these errors are inherent in all m(?thods does
not negate the necessity for striving for the greatest accuracy in all proce-
dures. .

It is the opinion and clinical experience of many that pamographlc
registrations can be reproduced for ede'ntulous_ subjects. This we accept,
even though it has yet to be established in the literature.

CENTRIC JAW RELATION., Centric jaw relation is alLISf.:fl.ll reference
position. The entry or exit from this position must not be‘mhlbu‘:ed. There-
fore, an area anterior to centric jaw relation, where maximum intercuspa-
tion can occur, may be provided. The limits of this area have not been
clearly defined at this time.

CONCLUSIONS

Further investigation in all areas is required to establish the accuracy
desired for complete denture construction. We recommend that the fol~
lowing items be included in undergraduate and graduate dental curricu-

lums.

UNDERGRADUATE AND GRADUATE TEACHING.

1. Greater emphasis and use of existing diagnostic aids, such as temporo-
mandibular joint radiographs, in complete denture planning and/or
treatment phases.

9. In order to promote better understanding of occlusal designs, and
to coordinate them to oral physioclogy, it is recommendec‘l thaF the
following be included in dental school curri-?ulurns: a. gr‘aphxclregls.tra-
tion of mandibular mevements, b. coordination of graphlc registrations
to occlusal morphology, and ¢. use of various prosthetic tooth occlusal
schemes of articulation.

FUTURE RESEARCH. We recommend longitudinal research prc.)j.ects
to be done in depth where indicated, and that dental schools' be sol)Flted
for active participation. We specifically recommend the following projects.

1. Investigate the value of temporomandibular joint radiographs as aids
to clinical diagnosis, treatment, and correlation to other research.
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2. Determine the most acceptable location, in the horizontal, frontal and
vertical planes, of posterior teeth in maximum occlusal contact position.

3. Investigate denture stability during masticatory function and correlate
the data to tooth forms, and occlusal schemes using: a. average value
articulators, b, positional jaw registration programmed articulators, ¢.
pantographically programmed articulators, and d. engraved jaw regis-
tration, programmed articulators.

4. Investigate the occlusal contact sensitivity of proprioception of complete
denture wearers.

5. lnvestigate the relationship of different articulator types and occlusal
schemes as they affect the volumetric and area changes of the support-
ing soft tissue and osseous structures.

6. Investigate the effect and accuracy of tissue contact of complete den-

tures at the delivery and post-insertion phases of denture therapy with
occlusal adjustments or tooth contact,

7. Investigate the duplicability of pantographic tracings and articulator
settings in the edentulous patient. The effects of such variables as
secured bases and clutches as apposed to bases and clutches held in
position by a light biting pressure might also be studied,

8. Investigate the frequency of centric relation—centric occlusion contact
positions using a number of methods simultaneously (i.e. radiographs,
telemetry, electromyography and cinefluoroscopy.).

This is a consensus report of the Section.

Respectfully submitted,

Allen A. Brewer, Chairman
James E. House, Secrstary
Frank V. Celenza, Reviewer
William E. Kotowicz, Reviewer
Alfred H. Geering, Reviewer
Heinz Q. Beck, Reviewer
Daniel H. Gehl

Albert Gerber

Niles F. Guichet

Daniel Isaacson

Charles S. Paraskis

Lawrence A. Weinberg

Harvey H. Wipf

Joel M. Zahler, Section Assistant
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DISCUSSION OF REPORT

Following Brewer’s reading of the Section report, Celenza moved for
its acceptance. The motion was seconded by Isaacson and passed by a
voice vote.

RE: DEFINITIONS

Ramfjord objected to the definition of a pantographic record—"a three-
dimensional graphic tracing of the patient’s pathways of condyle move-
ments.” He indicated that a pantograph does not directly trace the path-
ways of the condyle movement. Rather, it is an extended tracing—not the
tracing of the actual movements of the condyle. Celenza responded for
the Section members and agreed to the suggested correction.

Zander requested further explanation by the Section members regard-
ing the definition of a stereographic registration. The report read that
a stereographic registration is “a molded and engraved record of condyle
pathways. It records border form and intraborder form created as path-
ways of condyle movements.” Zander asked what was meant by border
form? Border of what?

Wipf indicated that they were referring to the extreme border move-
ment and that it is registered as a wall rather than a line. Zander cited
Posselt’s Ph.D. thesis as a reference for border movements as three-dimen-
sional movements and asked if border form also referred to a three-dimen-
sional registration. Wipf responded affirmatively and further stipulated
that it should be recorded at a selected vertical. Ramfjord requested z
poll of the Section members to indicate their acceptance of this clarifi-
cation. The Section accepted this change for the record.

Graf disagreed with the definition of eccentric nonbalanced occlusion
as read and indicated that the definition of occlusion refers to contact.
He suggested replacing the word weight with the word contact, making
the definition read, “lack of equal distribution of contact and /or equality
hetween two sides such as protrusive nonbalance, bilateral nonbalance,
and working side nonbalance.” Brewer responded for the Section by agree-
ing to the change.
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RE: ARTICULATOR CLASSIFICATION

Boos asked which articulator design was being recommended when
the generated occlusal path or functional path methods were used. Brewer
indicated that the articulator design suggested was Class II, Subdivision
C, where the eccentric motion permitted is determined by the patient,
using engraving methods.

Rudd asked if a face-bow should be added under records required
for the articulator Class II, Subdivision C, while other instruments that
use the engraving technique require the face-bow, and are classified under
Class IV, Subdivision A.

RE: INCONSISTENCE IN ANGLE BETWEEN THE FOSSA
AND THE OCCLUSAL PLANE

Koper requested clarification regarding this area. Brewer indicated that
when using condylar-type articulators it is important to note that when
an interocclusal eccentric record is used to set the condyle guides, an
inconsistence can occur in the angle between the fossa and the occlusal
plane. However, this inconsistency can be compensated for by altering
the condyle guide settings.

RE: LINEAR OCCLUSION SCHEME

Yurkstas requested a definition for zero degree linear occlusal scheme.
Brewer indicated that the linear occlusal scheme referred to the setting
of teeth on a flat plane—parallel to some reference plane.

RE: JAW RELATION RECORDS

Woelfel requested clarification regarding the pressure used during the
registration of jaw relation records. Brewer replied that there are as many
ways to accomplish registrations as there are dentists, and that the Section
members felt that no single method or philosophy could be singled out
for recommendation. He said that, “record making is a learned skill and
the method used should be individually chosen.”

Ramfjord felt that when recording centric relation, the operator has
to physically guide the closure of the patient’s jaw rather than allowing
the patient to close without guidance.
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RE: CHARACTER OF CENTRIC CONTACT POSITION

House indicated that what the Section members called “the character
of centric contact position” required further discussion. Celenza stated
that the Section members agreed that all contacting positions are areas
that may vary in size around the recorded position. The dimensions of
the areas could not be defined, but it was agreed that they should not
be what would normally be referred to as a point.

RE: TEMPOROMANDIBULAR JOINT RADIOGRAFPHS

Weinberg suggested that before-and-after temporomandibular joint ra-
diographs be taken for all patients who receive compiete mouth prosthesis,
either fixed or removable, in order to substantiate clinical findings. He
felt that this would provide information correlating the clinician’s results
with the newly developing understanding of the temporomandibular joint
radiographs and their use. Weinberg added chat this will provide a mea-
sure of safety in the event of the unfortunate need of legal proceedings.
Ramfjord requested documentation to support these comments. Weinberg
discussed the subject further, but did not present documentation.
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REVIEW OF LITERATURE

KRISHAN K. KAPUR

HISTORICAL BACKGROUND '

The search for the ideal ooclusal form has been going on for almost
two centuries. This long search has been prompted by the need to identify
an ultimate occlusal form that provides maximum denture stability and
masticatory efficiency without sacrificing esthetics or the underlying bone.
The emphasis on stability or efficiency has varied with each designer.
All manner of designs were contrived—some based on emerging scientific
knowledge and others developed through hours of trial and error.
Whether using scientific or empirical approaches, designers were also
limited by the type of materials then available,

In the 19th century Balkwill ¢1866) and Bonwill (1899) described occlusal
forms developed by the modification of available conventional teeth. The
systematic approach to designing better occlusal forms to permit “anatomi-
cal” articulation came in the early twentieth century. Dr. Alfred Gysi
is singled out by dental historians and clinicians alike for his work in
systematizing methodology.

Clapp (1914) reviewing the work of Gysi, mentioned that Gysi identified
many gross deficiencies in the existing teeth which required extensive
grinding before they had any semblance of anatomic form. The teeth
in use were essentially copies of worn natural forms and could almost
be considered ncnanatomic. The resulting dentures presented broad oc-
clusal surfaces without the ridges. In their design little or no thought
was given to achieving occlusal articulation on movable denture bases.

Gysi (1910, 1921a, 1921h, 1929a, 1929, and 1931} was also aware that only a
limited amount of occlusal pressure could be tolerated by denture wearers.
Therefore, the denture teeth required even more efficient designs based
on engineering principles so that proper mastication could be attained
with minimum pressure. He established averages of several parameters
necessary for simulating the mandibular movements on a mechanical de-
vice. He studied the relative influence of several factors such as the location
of the horizontal axis, the occlusal plane, the condylar inclination, and
the inclination of incisal guidance on the occlusal form and occlusal articu-
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lation. Using averages of 33° condylar inclination and 33° incisal guidance,
he engineered occlusal surfaces of 33° teeth which he presented to the
profession as “Trubyte” teeth. These designs included the incorporation
of facets that would permit not only a balanced occlusion, but also efficient
comminution of food. Fossae and sulci were added at appropriate locations
50 as to allow escape of the ground food during mastication. It has been
claimed that the design of occlusal forms of Trubyte teeth permiued
the bicuspids to perform the action of trapping, cracking, and tearing
food and the molars to perform the action of cutting and grinding as
a mortar and pestle. It was stated that these teeth could be adapted to
different condylar inclinations and incisal paths by milling the articulated
sets together with carborundum paste.

Although these teeth provided a workable design in many instances,
problems were encountered for using such teeth in cases with dispropor-
tionate jaw relationships. This difficulty prompted Gysi (1927) to develop
occlusal forms for crossbite arrangements. This was accomplished by re-
ducing the size of occlusal surfaces as well as by eliminating the buccal
cusp of the maxillary teeth.

The Trubyte 33° teeth as well as the crossbite teeth were chiefly designed
to develop a balanced occlusion in complete dentures. Balanced occlusion
includes an ideal centric closure and bilateral balance in eccentric relations
through simultaneous gliding contacts between the inclined planes on
the working side as well as on the balancing side, This type of articulation
is attainable on the articulator, and has been explained on the basis of
geometry, cinematics, and mechanics described by Hanau (1923, 1926, 1930,
and 1931).

Hanau (1926, 1930, and 1931)pointed out the interrelationships of five
major factors; i.e., condylar guidance, incisal guidance, tooth alignments,
relative cusp height, and position of the triangle of orientation. His analysis
of these principles, involved in aligning teeth into balanced articulation, re-
sulted in listing forty laws (ten groups of four each), each group with
a main law and its three transformations. These were presented in a
diagrammatic fashion as the “Articulation Quint.” It is difficult, however,
to maintain balanced occlusion in the mouth because of the continuous
resorption of residual ridges, resulting in the shifting of denture bases.
Occlusal interference, especially in the anteroposterior relationships, was
often seen and demanded continuous occlusal adjustment. Some clinicians
believe that extreme cuspal interlocking of anatomic teeth may induce
trauma and cause excessive resorption of residual ridges.

Concern for ridge loss started a trend toward the development of
the nonanatomic occlusal forms. The earliest design by Sears (1928) retained
the lateral balance by maintaining buccal and lingual slopes of the maxil-

lary teeth. However, it eliminated the anteroposterior cuspal inclines. It
was further claimed that this design was also based on the principle of
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shearing the food rather than the grinding action of a mortar and pestle.
This radical departure elicited considerable unfavorable response from
the conservative members of the profession as well as from the manufac-
turers. It started a shift from the complete balanced occlusal concept
towards the designing of occlusal forms which required no intercuspation.
BE(:.‘EIUSE of the obvious differences in anchorage, and the manner in
which natural and artificial dentures resisted forces, many clinicians began
to accept nonanatomic forms (Sears, 1952).

This change in concept challenged the conventional thinkers to experi-
ment and to try new ideas. Since 1930, we have gone through a period
of.m(-:reased Interest in designing a variety of occlusal forms. Several
principles of physics were considered in the design and arrangement
of teeth. Moses (1946, 1968) indicated that improvement in denture efficiency
and stability may be attained by reducing the area of the occlusal surface
centralizing the occlusal force on the residual ridge, and applying thc:
chewing forces on a flat surface rather than on an inclined plane.

Moses (1946, 1959) and MacMillan (1981 derived information from animals
as well as primitive and civilized human studies which aided in the search
for r.h.e most efficient occlusal scheme for complete dentures. As a result
of their studies many nonanatomic occlusal forms with different geometric
patterns, meial inserts, and occlusal surfaces of varying buccolingual
w1dths,.have been offered to the profession, as have a number of new
anatomic teeth and designs with varying cusp steepness. The history of
tooth form has been reviewed by Hardy (1951), Sears (1953), and Rapp
(1954).

CLASSIFICATION OF TOOTH FORMS

B_oucher,C. O. (1953) classified posterior teeth as anatomic or nonana-
tomic. Yet, an appropriate classification should take into consideration
not only.the configuration of the occlusal surface, but also the purpose
It serves in articulation, The available occlusal forms can thus be classified

into three d[sginct groups: a. anatomic teeth, b. semianatomic teeth, and
€. nonanatomic teeth.

ANATOMIC TEETH. Teeth with cuspal inclination of 30 degrees or
more can be classified in this group. In the Glossary of Prosthodontic
Terms (1968, anatomic teeth are defined as “artificial teeth which more
ot less duplicate the anatomic forms of natural teeth. Teeth which have
notably pointed or rounded eminences on the masticating surfaces and
are designed to occlude in the sulci of the teetk: of the opposite denture
or den.tition.” This definition refers primarily to occlusal configuration
and fails to give the purpose served by this configuration in articulation.
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The anatomic tooth permits the harmonious relationship between the oc-
cluding surfaces in centric and eccentric positions, which may be estab-
lished through the use of registration of condylar path positions and
the incisal guidance. The major advantage of this form is to allow the
establishment of mechanically and / or physiologically balanced occlusions.
In many general practices, this tooth form is used primarily to achieve
centric occlusion wih maximal intercuspation, In too few practices is an
effort made to develop balance in eccentric jaw motions or positions.

Many men have carved anatomic occlusal forms by using natural teeth
as models, The designs of Gysi (1929), and Pilkington and Turner were
engineered with mathematical information derived from extensive re-
search and experimentation (The Dentists' Supply Company, 1953). It is claimed
by the manufacturer that the Pilkington and Turner 30° teeth provide
freedom from a cusp locked occlusion and prevent interference in mastica-
tory movements; i.e., they allow the development of a small area rather
than a point for centric occlusion. This feature was incorporated in the
design by relieving the protrusive and transverse facets of teeth that were
machine cut to a close tolerance. Another feature claimed in this design
is a 5° buccal slope in bicuspids to enhance esthetics. The following specifi-
cations were employed by the manufacturer for Pilkington and Turner
teeth (The Dentists” Supply Company, 1953, 1966).

“The tooth design should provide:

1. Average protrusive jaw movements, thus requiring a minimum of
cusp change to fit steep or shallow angles.

9. A transverse or occlusal pattern equal to, or exceeding, the composite
maximum lateral Gothic arch angles found in average normal mandi-
bular movements.

3. Opening angles of such degree that the dentures are held firmly
against the ridges by the force exerted in mastication.

4. Primary cusp planes which run paraliel to corresponding planes in
the opposing teeth in all movements.

5. Primary cusp planes which harmonize, not only with opposing cusp
planes, but also with the average angles of the greatest percent of
jaw movements.

6. Ample grooves for all opposing cusps to slide through in all move-
ments.

7. Freedom from restraint and interference in all intermediate masticat-
ing movements in normal average jaw movements.

8. Freedom from locked occlusion.

9. Occlusal cutting facets sharp enough to masticate food without undue
pressure.

10. Primary forms which require only a minimum of hand carving to
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create superior anatomical shapes without materially altering the cusp
planes.”

SEMIANATOMIC TEETH. Teeth with shallow cusps and less steep
inclined planes than those of the Trubyte 30° cusp teeth can be included
in this category. A good example of this type of occlusal form is the
Trubyte 20° cusp teeth and Sears channel teeth. Schuyler (1934, 1952),
and Trapezzano (1952, 1957), report semianatomic forms that seem to have
evolved az a compromise for those who believed in basic cusp form
for chewing efficiency and in cusp balance for denture stability, but were
concerned with the lateral torque that might be produced by high cusps
and steep inclined planes of anatomic teeth. Their use was made common
by Schuyler (1952), who pointed out that functional harmony with the
inclines of the glenoid fossa can be achieved with cusp teeth of less steep
inclines by reducing the incisal guidance, which is the only independent
factor of all the factors governing articulation. It has more influence on
cusp inclines than the condylar guidance. These forms thereby offer some
semblance of the anatomic form, but provide features that help to negate
some of the criticism levied against anatomic teeth.

NONANATOMIC TEETH. All teeth with occlusal forms that have no
resemblance to anatomic teeth and offer occlusion without intercuspation
are included in this group. The Glossary of Prosthodontic Terms (1968)
includes semianatomic teeth in this category and defines nonanatomic
teeth as “artificial teeth so designed that the occlusal surfaces are not
copied from natural form but rather are given form which in the opinion
of the designer seem more nearly to fulfill the requirements of mastication,
tissue tolerance, etc.” This definition gives the impression that nonanatomic
designs result in better masticatory function than do anatomic teeth. Pro-
ponents of the anatomic teeth question this interpretation. The nonana-
tomic group includes all occlusal forms that are termed zero degree, or
occlusal forms having no cusp angles with respect to the horizontal.

Hall (1931), French (1935, Hardy (1942), and Myerson (1957 presented
designs with major differences either in the geometric occlusal pattern
and/or in the buccolingual width of the teeth.

Hardy (1951), Moses (1954}, and Sosin (1961) described occlusal designs
using metal inserts on the occlusal surface to provide better cutting action
as forms of nonanatomic teeth. The following specifications were devel-
oped and listed by Sears (1952} in his research for an efficient nonanatomic
occlusal form.

“1. The working occlusal surfaces should be void of cusps or inchined
planes that might hinder the free horizontal gliding of opposing sur-
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faces as the alveolar ridges resorb or as the mandible carries the
teeth into protrusive occlusion.

. The working occlusal surfaces should have no inclined planes (or

only low ones) that might hinder the free horizontal gliding of oppos-
ing surfaces as the mandible carries the teeth laterally.

. The working occlusal surfaces should be so incorporated that more

than 50 percent of such surfaces can be placed lingual to the ridge
center, with 100 percent as the ideal.

. The working occlusal surfaces should be so incorporated that the

greatest load can be applied at a desired mesiodistal point. This pro-
vides against front-to-back teetering.

. The working occlusal surfaces should be so incorporated that they

can be placed parallel with the underlying alveclar ridge as seen
from the side,

. The area of the combined working occlusal surfaces should be in

proportion to the supporting value of the weaker of the two denture
foundations. Weaker foundations require smaller occlusal surfaces,
This would not require a large number of molds if Specification
7 is met.

. The teeth should be so designed that they can be altered by grinding

without losing their mechanical or esthetic advantages. This has special
reference to the possibility of reducing, either buccolingually or mesio-
distally, teeth that may be slightly too large.

. There should be no wells, traps, boxlike cavities, or hollows inte which

food can pack. All major depressions should be provided with ade-
quate escapeways.

. The working occlusal surfaces should be so formed that there will

be no necessity to leave spaces distal to the proper cuspids, or to
narrow the lower eight anterior teeth as is done with the so-called
anatomic teeth, where less-than-average horizontal overlap is used.
This requirement is met essentially by observing Specification 1.
Those parts of the occlusal surfaces on which it is desired to maintain
the principal load (usually the first molars) should be composed of
a more wear-resistant material than the other parts. This tends to
assure automatic occlusal adjustment under changes due to ridge
resorption and condyle migration.

. Balancing occlusal surfaces should be so incorporated that they can

be made to maintain contact on the right and left sides as the mandible
carries the teeth into left and right lateral occlusions. Such lateral
balancing occlusal surfaces can be placed conveniently on the upper
first molars or the lower second molars.

The balancing occlusal surfaces should be used only for balancing.
This means that these surfaces should not be used also for working
occlusal surfaces as is the case with so-called anatomic teeth.
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13. Right and left balancing occlusal surfaces should be so incorporated
that they can be made to maintain contact simultaneously on the
right and left sides as the mandible carries the teeth into protrusive
occlusion.

14. All balancing occlusal surfaces should be adjustable independently
of the buccal, lingual, working, and sub-occlusal surfaces. This is in
contrast to the so-called anatomic scheme in which balance is obtained
by tilting the entire tooth and thus disturbing the angles of the other
surfaces.

15. Each balancing occlusal surface should be adjustable independently
of all other balancing occlusal surfaces. This requires a minimum
of four units: (1} right for left lateral, (2) left for right lateral, (3)
right, and (4) left protrusive occlusion.

16. The buccal surfaces should be so incorporated that they make satisfac-
tory contact with the cheeks without contributing to cheek biting,

17. The visible buccal surfaces should simulate the forms of natural teeth.

18. The lingual surfaces should be so incorporated that they make satisfac-
tory contact with the tongue in eating and speaking without contribut-
ing to tongue biting.

Dentists who do not believe in placing nonanatomic teeth on an inciined
piane for achieving balanced ccclusion in eccentric relationships will ignore
specification numbers 11 to 15 pertaining to occlusal balance.”

THE ADVANTAGES OF ONE OCCLUSAL FOR
ANOTHER ORM OVER

The literature is cluttered with statements presenting the pros and
cons of the various types of occlusal forms. Often these claims are based
upon empirical judgment, witness such statements as, “cuspless teeth for-
give many of the sins of inaccuracy over which we have no control”
(Coltett, 1955), and “the faults attributed to cusp teeth are due to misar-
rangements” (Schusler, 1951). Not unexpectedly, opinions reflect the philoso-
phy and training received during undergraduate or graduate education.
Frequently, views remain set even though contradicted by objective studies.

Advocates of different occlusal forms (Kimball, 1954; Wiland, 1964; De Van,
1945; Hickey, Boucher, C.O. and Waoelfel, 1962; and Swaggant, 1957) claim that their forms
are less traumatogenic and help to control the rate of resorption of residual
ridges. Often the disadvantages of one form are quoted as the advantages
of the other and vice versa, (Schuyter, 1935; Friedman, 1964; Kurth, 1954; and Moses,
1959,

The advantages and disadvantages of anatomic and nonanatomic occlu-
sal forms described by various authors are presented realizing that most
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claims cannot be supported with sound scientific data (Christensen, 1958; De
Van, 1935; Friedman, 1951; Hughes, 1951a, 1951b; Janheison, 1962; Jones, 1958, 1962; Kurth,
1962; Landa, 1960, 1962; Menson, 1922; Ortman, 1971; Payne, 1957, Pleasure, 1938; Porter,
1952; Sauser, I957; Schlosser, 1928; Sears, 1951, 1960; Shanshan, 1958; Soltis, 1956; Slansbery,
1938; Terrell, 1951a, 1951h; Tropozzano, 1957; Villa A., 1959a, 1959h; Wehner, Hickey and
Boucker, C.O., 1967; and Young, 1962).

ANATOMIC TEETH.

ADVANTAGES OF ANATOMIC TEETH.

1. The cusp teeth can penetrate food more easily; therefore, they require
less chewing force to comminute food and are considered more efficient
for this purpose.

2. Cusp teeth can be articulated in harmony with the tempormandibular
joint and the muscles of mastication.

3. Cusp teeth resist the rotation of denture bases through the interdigita-
tion of cusps on the working side.

4. Cusps offer better esthetics and their resemblance to natural teeth
may give a psychological advantage in mastication.

5. The interdigitating cusps of anatomic teeth provide a guide for proper
jaw closure. It makes chewing more nearly vertical thus minimizing
the lateral component in the normal chewing cycle.

6. Cusp teeth cause less trauma to underlying structures and offer greater
comfort and longer usefulness.

DISADVANTAGES OF ANATOMIC TEETH.

1. Cusp teeth have little tolerance in their articulation and, therefore,
require an exacting technique, a complex adjustable articulator, and
precise jaw relationships that are difficult, if not impossible, to register
accurately on tissues that are movable.

9. The opponents of anatomic teeth frequently claim that cusp teeth pro-
duce lateral torque in eccentric occlusal contacts and may be more
traumatogenic than noncusp teeth.

3. Adjustment of anatomic occlusion can be properly accomplished on
an instrument, rather than intraorally, and requires a remounting
procedure.

4. The relining and rebasing of denture bases with cusp teeth is a much
more difficult task.
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NONANATOMIC TEETH

ADVANTAGES OF NONANATOMIC TEETH.

L. Nonanatomic teeth do not lock the mandible in one position and they
permit the use of a simple, less time-consuming technique and articula-
tor.

2. Nonanatomic teeth minimize horizontal pressures because of the ab-
sence of inclined planes, and subject the supporting tissues to vertical
pressures, which are thought to be less damaging.

3. Nonanatomic teeth permit closure in more than one position and
thereby, centric relation can be used as an area rather than a point.

4. Nonanatomic teeth adapt easily to Class 11 and Class 111 jaw relations.

5. Nonanatomic teeth accommodate changes in vertical and horizontal

relations, which result from the gradual remodeling and reduction
in the volume of residual ridges. Occlusal correction can be accom-
plished easily to compensate for such changes.

. Nonanatomic teeth make relining and rebasing a simpler procedure.

. Nonanatomic teeth improve denture stability by permitting proper cen-

tralization of the occlusal plane in relation to residual ridges.

-~

DISADVANTAGES OF NONANATOMIC TEETH.

1. Nonanatomic teeth are less efficient for mastication as they do not
penetrate food effectively, Therefore, chewing forces are increased
to achieve proper comminution of food.

2. Nonanatomic teeth often present inadequate food escapeways. Clogging
of their occlusal surfaces with food results in reduced masticatory effi-
ciency and increased chewing pressures.

3. Nonanatomic teeth are esthetically inferior to anatomic forms.

4. Nonanatomic teeth encourage a higher component of lateral or diagon-
al jaw movement during chewing and increase, rather than reduce,
horizontal forces on denture bases.

5. Nonanatomic occluszl forms may intreduce a negative psychological
influence in terms of food penetrating ability,

6. Nonanatomic teeth, set on a curved plane for balanced occlusion, intro-
duce the inclined plane and can cause skidding of the denture base.

7. Nonanatomic teeth, set on a curved plane, do not coincide with actual
jaw movements and can result in tripping and excessive friction.

ARRANGEMENT OF TEETH

Arrangement of teeth is defined in the Glossary of Prosthodontic Terms
(1968) as: “the placement of teeth on a denture or temporary base with
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definite objectives in mind.” It includes both the establishment of the
plane of occlusion and the occlusal scheme.

Itis apparent from the literature that a great deal of controversy centers
around the exact location of the plane of occlusion and more specifically
the location of the food platform. This controversy extf:n.ds into al} three
dimensions of the location of the food platform, namely in its buccolm_gual,
superoinferior, and anteroposterior inclipation. All appn?aches claim to
strive for optimum denture stability, efficiency, and esthetics. One reason
for the widespread controversy may be the ease of ciontrol by which the
dentist can change this factor in denture construction. The degree of
freedom depends upon the desired occlusal sche.me. The dent}st who
believes in nonbalanced occlusal scheme and/or in nonanatomic teeth
enjoys a greater degree of freedom than do thosc? .who believe in balanced
occlusion. The inclination and superoinferior position of the oc.clusal plan_e
is adjusted to achieve balanced occlusion by those who strive for this
objective. _

Often the concepts put forth for the arrangement of. teeth are explained
on mechanical, anatomical, or physiological bases, which may or may not
have any scientific evidence.

BUCCOLINGUAL POSITION OF OCCLUSAL PLANE

Esthetics and phonetics are the two major considerations in the arrange-
ment of anterior teeth. The anterior teeth may be placed anterior to
the crest of the ridge to achieve proper facial support. The main contro-
versy still lies in the area of establishing the proper locaFlon of the pos'tern:lr
teeth. Two approaches have been suggested in developing the buccolingu
arch form in the bicuspid and molar areas.

BUCCOLINGUAL ARCH FORM BASED ON MECI-.L:&NIC.AL CON-
SIDERATIONS. Clinicians who strive for maximum s-tabllxty for the man-
dibular denture through mechanical principles bellfave th:'it the teeth
should be arranged on, or lingual to, the crest of l'ESldL-lal rldges so that
the forces of mastication are at right angles to the residual ridge (Sears,
1948, 1957; and De Van, 1956). This location of the food platform has bf:en
challenged by others who feel that such a mechanical concept of arranging
teeth violates the tongue space and accentuates the facial deformuties.
Pound (19513, Lamie (1956), Fish (1952}, Roberts (1‘9-51_), Neufeld (195{;), and
Carlsson and Persson (1967) substantiate their criticism through evidence
that shows the clinical residual ridge to be often llr}gual to the bony
ridge in mandibles with extreme alveolar ridge resorption.

BUCCOLINGUAL PLACEMENT OF TEETH IN' THEIR NATI_IIRA'L
LOCATION. The placement of teeth close to their natural location is
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believed to develop a more harmonious relationship between the tongue,
teeth, and the cheeks. Such a location would improve mastication and
keep dentures in position by the balanced actions of the tengue and
cheeks during function. This key relationship of the tongue, teeth, and
the median role of buccinator muscle in mastication has been discussed
in some detail by Wright, C. R. (1966}. He also considers that the mandibular
first bicuspid should be placed slightly buccal to the crest of the ridge.
This location is crucial to its function in preventing the food from moving
into the anterior part of the mouth during mastication.

Several methods have been suggested for the placement of teeth close
to their natural locations. Lott and Levin (1966) use molding compound
or other impression materials to develop arch forms by the action of
the tongue and cheeks during sucking and swallowing motions. All three
dimensions of the occlusal plane, or the location of the food platform,
are established with this technique. Wright, C. R. (1966) places the occlusal
plane at the midpoint of the primary mandibular denture supporting
area, while Block (1958 positions the plane midway between the tongue
and cheeks. The location so derived is usually buccal to the crest of the
clinical residual ridge.

The proponents of the mechanical concept charge that placement of
artificial teeth in their original location creates leverage which will be
proportionate to the distance horizontlly from the ridge crest. They believe
it will cause extensive denture movement during function and will lead
1o excessive resorption of the residual ridges,

SUPEROINFERIOR POSITION OF OCCLUSAL PLANE

As with the buccolingual positioning of the occlusal plane, controversy
also exists in establishing its superoinferior location. There are clinicians
who seek mechanical advantage to achieve increased denture stability while
others attempt to approximate its natural location to attain better function.

SUPEROINFERIOR POSITION BASED ON MECHANICAL CON-
SIDERATIONS. Sears (1957) and Pleasure (1937) claimed greater denture
stability when the height of the occlusal plane was kept closer to the
denture base having the less favorable ridge size and contour. A higher
location of the occlusal plane increases the leverage of the mandibular
denture and exerts greater pressure on the supporting tissues. The mandi-
bular denture is often favored for the placement of the plane of occlusion
because its smaller denture-bearing area and unfavorable ridge contour
present more problems in terms of retention, stability, and tissue trauma
than does the maxillary denture. De Van (1956) suggested placing the
occlusal plane midway between the maxillary and mandibular ridges.
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As the anterior height of the occlusal plane is influenced by the location
of anterior teeth, it is not uncommon that denture esthetics is somewhat
sacrificed by those who use nonanatomic teeth in their efforts to achieve
greater denture stability.

SUPEROINFERIOR POSITION BASED ON ANATOMIC CONSID-
ERATIONS. Wright, Swartz, and Godwin ¢1961) and Pound (1954) believe
that placing artificial teeth close to their natural superoinferior location
achieves not only denture stability but improves masticatory function as
well. This position permits the tongue and cheeks to manipulate and
confine food more readily during mastication. A higher or lower position
would interfere with the functional movements of these structures and
would produce greater dislodging forces on dentures. Several anatomic
landmarks have been suggested to ascertain the natural location of the
occlusal plane in edentulous patients. Standard (1957) used the opening
of the Stenson's duct and places the occlusal plane 6 mm. inferior to
this landmark. Boucher, C. O. (1964) recommends that the occlusal plane
terminate posteriorly at the distal border or at the distal half of the retro-
molar pad and anteriorly at the tip of the mandibular cuspid. Nairn
(1965) relates the occlusal plane to the lateral border of the tongue.

ANTEROPOSTERIOR INCLINATION OF OCCLUSAL PLANE

As with the other two dimensicns, either mechanical principles or the
use of anatomic landmarks to determine its natural location are followed
in establishing the anteroposterior inclination of the plane of occlusion.

ANTEROPOSTERIOR INCLINATION BASED ON MECHANICAL
CONSIDERATIONS. Many consider that during function, the maxillary
and mandibular occlusal surfaces should be parallel to the underlying
ridges to achieve maximum denture stability. Brudvik and Wormley (1968)
feel that in the event the two ridges are not parallel, the plane of occlusion
is kept parallel to the unfavorable ridge, which usually is the mandible.
Some authors recommend inclining the occlusal plane anteriorly to favor
a positive seating of the mandibular denture, and posteriorly to favor
a positive seating of the maxillary denture. Similarly, curves in the bucco-
lingual or anteroposterior directions are introduced in the food platform
for positive seating of dentures constructed on unfavorable ridges (Nagle
and Sears, 1962; Boswell, 1951; and Shanahan, 1955). However, this mechanical ap-
proach to improve seating of one denture inevitably introduces the oppo-
site effect on the seating of the other denture.

ANTEROPOSTERIOR INCLINATION OF THE PLANE OF
OCCLUSION BASED ON ANATOMIC LANDMARKS. A number of
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anatomic landmarks have been used to determine the anteroposterior
inclination of the occlusal plane (Broomell, 1896; Gillis, 1933; Schlosser and Gehl,
1953; McCollum and Stuan, 1955; and Sloane and Cook, 1958). The following are the
most commonly used landmarks:

. Frankfort plane

. Eye-ear plane

. Axis-orbital plane

. Ala-tragus line or Campers plane

. Base of the nose to condylar head

. Corner of the mouth to the lower border of the ear lobe

Nasal spine to hamular notch

. Height of lower canine to distal half of retromolar pad

. Parallel to the lower ridge but 2 mm. below the tip of the retromolar
pad, and the plane never above the corner of the mouth anteriorly

. Keratinized and nonkeratinized junction of the mucosa covering the

lateral borders of the tongue

N e I
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SUMMARY

It is generally agreed that complete dentures with maximum stability
and an occlusal scheme that directs functional stresses vertically onto the
residual ridges helps to preserve denture-bearing tissues. However, there
exists a widespread controversy as to the best method of achieving these
objectives in denture construction. There are two approaches. The first
is based on the application of the laws of statics for denture stability,
while the second stresses the duplication of natural architecture for proper
functioning of oral structures. Most dentists lean toward either one or
the other of these two approaches in their selection of tooth patterns
as well as in their arrangement of teeth. The advocates of applying mechani-
cal principles for maximum mandibular denture stability recommend that
posterior teeth be situated according to three specific positions: a. lingual
to or on the crest of the mandibular ridge, b. parallel to the flat portion
of the posterior mandibular ridge on either side, and c. near the mandibu-
lar ridge. Proponents of these principles believe their approach results
in greater denture stability, thereby protecting the residual ridges.

This “mechanical concept” is criticized by many who feel it impairs
mastication, exaggerates facial deformites, and/or phonetic and esthetic
complications. These critics stress the role of the facial and tongue muscu-
lature in achieving desired denture stability and function. Therefore, they
prefer that the occlusal plane be located as close as possible to its original
{natural) position. This position permits the cheeks and tongue to be
most effective in deglutition, speech, and mastication. It is further contend-
ed that esthetics will be enhanced.
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The advocates of the mechanical principles respond that when teeth
are replaced so as to achieve the natural position, especially in cases with
resorbed ridges, problems ensue. They cite, for example, that excessive
leverage on the mandibular denture frequently results in trauma to the
underlying tissues.

RESEARCH ON PLANE OF OCCLUSION

From a review of dental literature, it is quite clear that despite all
the controversy and subjective arguments, there is no substantial research
to support one position over the other. Objective data about the arrange-
ment of artificial teeth and its effect on oral functions and tissues is
scant, Information is available regarding the location of the occlusal plane
in relation o various anthropometric landmarks and reference points
most commonly used by orthodontists. However, even this information
is restricted to a young population under the age of thirty years.

Lundquist and Luther (1970 studied the location of occlusal plane in
twenty Caucasian subjects having a full complement of dentition and
ranging in age from twenty-one to thirty years with a mean age of twenty-
six. These subjects were selected out of 3,000 patients to provide a sample
with Class I occlusal relationship, with minimal restorations, and with
minimal disharmony between centric relation and centric occlusion. The
interrelationships between the plane of occlusion and four specified anato-
mic landmarks were observed. The occlusal plane in their study was consid-
ered to be a line joining the tips of the mandibular cuspids bilaterally
to the tip of the distolingual cusp of the distal mandibular molar. When
the plane was extended posteriorly, it terminated in 75 percent of the
cases in the lower half, and in the remaining 25 percent, in the upper
half of the retromolar pad. The use of the distobuccal cusp as the distal
reference point resulted in the termination of the plane posteriorly in
the upper half of the retromolar pad in most of the cases. The parotid
papilla showed marked variation in its relative vertical and horizontal
position to the buccal cusps of maxillary first and second molars. For
the group, the average location of the papilla was 4.2 mm. superior to
the tip of the buccal cusp of the adjacent maxillary molar and the total
variation ranged from 0 to 10 mm.

A close correlation was also found by Lundquist and Luther (1970) be-
tween the commissure of the lips and the vertical location of the occlusal
plane. In 75 percent of the cases, a wire extending across the occlusal
embrassure between the mandibular cuspid and first premolars of both
sides and through the commissure of the lips was found to be at the
same vertical height as the occlusal plane. A close correlation was seen
among the occlusal plane, buccinator grooves, and the commissures of
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the lips. It was, therefore, suggested by the authors that a vestibular
impression technique be employed to determine the location of occlusal
plane in edentulous patients. This technique involves injecting alginate
impression material in buccal vestibules on both sides while the teeth
are separated slightly and in centric closure. The impressions of buccal
grooves are recorded by having a subject pucker his lips as though sucking
or kissing. The confinement of material between the teeth and cheeks
is focal 1o the vestibular technique, However, the location of the teeth
or the bite rim is arbitrary in edentulous subjects. For this reason, the
application of this technique has validity only if it can be established
that irrespective of the arch form, the impression of the vestibular groove
Temains constant.

Ismail and Bowman (1968) compared the locations of the occlusal plane
in cephalometric roentgenograms taken with natural teeth prior to their
extractions and following the insertion of dentures in twenty subjects
ranging in age from nineteen to sixty years with a mean age of 41.5.
The anterior and posterior locations of the natural dentition occlusal
plane differed significantly from those of the denture occlusal plane.
A mean difference of 0.95 mm. with a range of —2 mm. to +2 mm.
was found in the anterior region and a mean difference of 2.3 mm.
with a range of 0 to 5 mm, was recorded for the posterior region. The
authors recommended that the upper third of the retromolar pad be
used as the posterior reference point for the orientation of the second
mandibular molar.

Kapur and Soman (1965) studied twelve denture wearers to determine the
effect of nine positions of food platforms on their chewing efficiency.
The position of the food platferm was varied in its buccolingual and
superoinferior directions and in its anteroposterior inclination, Of these
nine positions, the location of posterior teeth buccal to the crest of ridges
was most detrimental to chewing efficiency. Significant reductions in masti-
catory performance resulted in subjects with good as well as poor ridges.
The most effective location of the posterior teeth for masticatory perform-
ance was on the crest of mandibular ridge, at the height of lower cuspid,
and parallel to the residual ridge.

RESEARCH ON DIFFERENT OCCLUSAL FORMS

Many investigators have tried to compare the effectiveness of three
types of occlusal forms and have dealt with the following four parameters:
a. masticatory performance, b. denture base deformation and stress distri-
bution, c. tssue response, and d. overall subjective preference of denture
wearers.
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MASTICATORY PERFORMANCE

A number of studies involving actual tests and subjective responses
of denture wearers have been conducted to determine masticatory effec-
tiveness of the various occlusal forms. Three distinct approaches have
been followed to establish the best form for comminuting food:

1. Comparison of two or more types of occlusal schemes in the same
denture wearers

2. Comparison of different geometric markings in the same denture
wearers

3. Comparison of chewing efficiency of a large sample of denture wearers
with various occlusal schemes

COMPARISONS OF DIFFERENT TYPES OF OCCLUSAL
SCHEMES. Thompson (1987 was one of the first to determine the extent
to which dentures with different occlusal schemes can restore masticatory
efficiency to the degree permitted by natural dentition. Chewing efficiency
was measured in terms of the percentage of the test food passing through
a standard size screen after a given portion of the sample had been
chewed for a specified number of strokes. Several tests foods, including
raw carrots, lettuce, cabbage, cold ham, celery, apples, and raw Irish
potatoes were used. Four sets of occlusal forms, interchangeable in the
same denture bases, were tested in one subject. These forms were: a.
30° anatomic, b. Trubyte 20° semianatomic, ¢. zero degree Hall inverted
cusp, and d. Sear’s channel teeth. A marked reduction in chewing effi-
ciency was found only with Sear’s channel teeth. The patient felt that
he could not hold the food on these teeth for mastication. The other
three types of teeth produced the same degree of comminution. The
30° anatomic teeth were further tested in four situations:

1. A patient with his old set of poor dentures; the maxillary denture
rebased to merely provide comfort

9. The same set of dentures was made satisfactory by extending and
relining the mandibular denture base and by establishing a three-point
occlusal balance

3. Another patient had a satisfactory set of dentures with well balanced
occlusion but with inclined planes flat and devoid of ridges

4. The same set in which supplemental ridges were carved into the occlusal
surfaces

A considerable improvement in chewing efficiency was shown after the
dentures were made satisfactory. Similarly, the introduction of supple-
mental ridges on the flat inclines of the teeth not only increased their
chewing effectiveness, but the patient actually perceived this improvement.
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It was a pioneering effort on the part of Thompson to lead the way
in comparing various occlusal forms through actual measurements. His
study, however, had two serious drawbacks. First, the three sets of variables
investigated employed a different subject for each set. Results based on
one subject were inconclusive. Second, chewing efficiency comparisons
among the three sets of variables were made without taking into consider-
ation the wide variations that exist among denture wearers in their chewing
ability.

Similar attempts were made by Sobolick (1938), Schuliz (1951), Payne
(1951, 1952) and Trapozzano and Lazzari (1952), each studying a variable
on only one or two subjects. Sobolick (1938) measured the masticatory
performance of five sets of duplicate dentures with different occlusal
forms in his own mouth. The five test forms were: a. Trubyte 33° b.
Trubyte 20°, ¢. Modified French's, d. Tru Kusp, and e. Hall’s inverted
cusp. The findings of the chewing tests with four different foods revealed
no clear evidence of the superiority of any one form. The subject ranked
Hall's inverted cusp, Tru Kusp, and French'’s posteriors (in that order)
to be more comfortable than the Trubyte 20° and Trubyte 33° teeth
when the dentures were subjected to horizontal and vertical movements,

Schultz ¢i951) demonstrated reductions of 16 and 32 percent in the
chewing efficiency of one subject when the lingual cusps of Trubyte 33°
porcelain teeth set in balanced occlusion were reduced. Similarly, a 15
percent loss occurred after the maxillary buccal cusps were modified to
a slight minus cusp form. In another series of tests with interchangeable
acrylic resin and porcelain posterior teeth, a 33 percent loss in chewing
performance was noted with acrylic resin teeth. The patient, however,
was unaware of this loss and preferred the acrylic resin teeth because
of their cushioning effect on tissue. Efficiency was restored to that of
the porcelain teeth by constructing gold onlays over acrylic resin teeth
without affecting their cushioning property.

Payne (1951} constructed two sets of dentures on duplicate casts for
one subject. One set had Trubyte 33° teeth and the other nonanatomic
teeth. After an acquaintance period, the patient recorded (for two weeks)
her experiences with the two sets of dentures, which she used on alternate
days. Both the subjective evaluation of the patient and the investigator’s
observation of the particle size of the chewed test foods revealed a superi-
ority of anatomic teeth over nonanatomic teeth.

In a subsequent study, Payne ¢1952) drew somewhat similar comparisons
between the Trubyte 33° anatomic teeth and a different nonanatomic
pattern on duplicate dentures in five subjects. The four nonanatomic
patterns tested were: a. Tru Kusp, b. French’s, ¢, La Due and Saffir,
and d. Hardy's steel inserts. French’s posteriors were the only teeth tested
in two subjects. Chewing efficiency was evaluated by a careful visual exami-
nation of the consistency, particle size, and uniformity of the food. Four
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subjects considered anatomic teeth to be better for chewing while the
fifth preferred the steel inserts. All subjects favored dentures with nonana-
tomic teeth. Chewing tests showed better performance with anatomic teeth
at the halfway mark, but at the swallowing threshold, nonanatomic teeth
were shown to be better for two of the three test foods,

Trapozzano and Lazzari (1952 compared the performance of Trubyte
20°, Hall's inverted cusp, and De Van’s nonanatomic posterior teeth in
two subjects. Special metal cast bases were constructed to permit the inter-
changeability and testing of these three occlusal forms. Raw carrots and
peanuts were employed as test foods. The amount of test food and the
number of strokes for each mouthful were specified, although the size
of the bolus and the number of mouthsful were left to the discretion
of subjects. Masticatory efficiency was determined by weighing the partic-
les passing through a 100 mesh screen. The particle size distribution
of chewed carrots was compared visually. In both subjects, 20° teeth
showed markedly superior chewing performance with peanuts, caused
less tissue irritation, and received an overall patient preference when
compared to the nonanatomic teeth. In one subject, performance with
carrots was considered to be superior with Hall's inverted cusp teeth
than with the other two types of posterior teeth.

A similar approach was used in another study by Trapozzano (1959
where he compared Trubyte 20° teeth with Hall’s posterior teeth in eight
denture wearers. Patients were encouraged to freely express their opin-
ions. It was not uncommon to find subjective evaluations contradicting
objective findings. For example, despite the presence of tissue ulceration,
some subjects responded negatively to the question, “Do dentures cause
you any pain?” The 20° teeth were more effective in comminuting test
foods than were Hall's posterior teeth. Four patients voiced strong prefer-
ence for the 20° teeth, one for the 20° teeth with some qualification,
one preferred the Hall's posterior teeth, and two had no preference.

Bascom (1962) also tested interchangeable occlusal schemes on metal bases
in six subjects. Both Trubyte 33° and 20° teeth were compared with Myer-
son-Sears posteriors in three subjects with Myerson-Sears and with flat
acrylic resin teeth in two subjects, and with Hardy’s steel inserts in one
subject. Standard chewing tests revealed no clear-cut superiority with any
one occlusal form, The subject's preferences were divided. Bascom also
constructed duplicate dentures to compare the 33° teeth with Hardy’s
insert teeth in one subject, with French’s posterior teeth in a second
subject, and with 30° Pilkington-Turner teeth in a third subject. Again,
no appreciable differences were noted in chewing efficiency.

Kapur (unpublished data) constructed (on duplicate casts) three sets
of dentures to compare Pilkington-Turner 30°, Trubyte 20°, and flat acryl-
ic resin block teeth with selected geometric patterns in twenty subjects.
Standardized chewing tests showed no significant differences among the
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mean masticatory performances obtained with the three occlusal schemes.
Mean chewing efficiency, respectively, for the 30°, 20°, and zero degree
teeth were 68, 67, and 69 percent for peanuts, and 64, 60, and 62 percent
for carrots.

COMPARISON OF VARIOUS TYPES OF GEOMETRIC MARKINGS
ON NONANATOMIC OCCLUSAL SURFACES.The influence of dif-
ferent occlusal markings on masticatory performance has been studied
both in persons with natural dentition and in denture wearers.

Sauser and Yurkstas (1957 placed (on posterior teeth} acrylic resin splines
in five subjects with natural dentitions. The splints were modified to
produce eleven combinations of geometric designs. Chewing tests with
peanuts, raw carrots, and ham showed superior performance when the
cutting edges (grooves) were present on both maxillary and mandibular
occlusal overlays than when one or both lacked markings. The highest
performance was seen with a longitudinal groove running mesiodistally
on the maxillary occlusal surface against several types of markings on
the mandibular occlusal surface.

In another study, Yurkstas (1963) tested twenty denture wearers for
the chewing effectiveness of four different gometric patterns carved on
the occlusal surfaces of block acrylic resin teeth, He compared their effec-
tiveness with four similar configurations of raised metal inserts. Occlusal
surfaces with markings were more effective in comminuting food than
were the surfaces without markings. No significant differences were noted
among the four grooved patterns or between the grooved and metal
insert designs. However, improvement occurred when tests were made
after three months experience with metal inserts and after one years
experience with a given grooved pattern.

Kapur and Soman ¢1965) evaluated the masticatory effectiveness of fif-
teen different geometric occlusal markings in sixteen denture wearers.
The presence of occlusal markings significantly improved the masticatory
ability. The most effective combination of markings was a mesiodistal
longitudinal groove on the mandibular occlusal surface opposed by either
a transverse or oblique marking on the maxillary occlusal surface.
However, no correlation was found between performance and number
of cutting edges or grooves. It was hypothesized that the markings provide
resistance against buccolingual displacement of food rather than acting
as cutting edges during mastication.

Kapur, Soman, and Shapiro (1965} also studied the influence on mastica-
tory efficiency of the food platform area, the buccal and lingual tooth
surface contours, and metal inserts in sixteen denture wearers. Again,
it was shown that the presence of occlusal markings, whether grooves
or inserts, improved chewing efficiency. The area of the occlusal platform
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(equivalent to two, three, or four pesterior teeth) had no effect on perfor-
mance.

CHEWING EFFICIENCY STUDIES OF LARGE SAMPLES. Manly
and Vinton (71951) made a comprehensive study of 100 denture wearers
to identify and study the factors contributing to masticatory funcnol"l.
The factors included denture age, denture experience, patient age, maxi-
mum biting force, tough tissue tolerance, and various denture properties.
In fifty-nine denture wearers with anatomic teeth, and twenty-nine with
nonanatomic teeth, the differences between the effectiveness of these two
types was not enough to account for the great spread between superior
and poor masticatory performance of the subjects. There was no carrela-
tion between masticatory performance and any of the other denture
propertties, especially with dentures rated “clinically ad_equate." )

Kapur and Soman (1964) tested the masticatory function of 14:0 subjects
who were divided into three groups. The dentures of the first group
were made with nonanatomic teeth by undergraduate students. The den-
tures of the second group were made with nonanatomic teeth by graduate
students. The third group of denture wearers was randomly chosen and
their dentures represented a whole spectrum of materials, techniques,
and occlusal schemes. Insignificant differences among the masticatory
performances of these three groups indicated that denture factors cannot
explain the vast differences in the chewing ability of denture wearers.

DENTURE BASE DEFORMATION AND STRESS
DISTRIBUTION

A number of studies have been carried out in denture wearers to
determine the masticatory pressures exerted on the denture bearing tissues
by different types of occlusal forms. Four approaches were t;llken: a. mea-
surement of denture base deformation, b. measurement of jaw and den-
ture movement, ¢. electromyographic quantitation of muscle force, and
d. frequency and location of occlusal contact.

DENTURE BASE DEFORMATION, Frechette (1955), Kydd (1956, 1960),
Swoope and Kydd (1966), and Stromberg (1955 placed strain gages on
denture bases to measure changes in gage resistance while subjects per-
formed chewing tests. By calibrating the gages with known forces, resis-
tance changes were expressed either in terms of pressure or base deforma-
tion.

Frechette (1955) employed this method in one subject to compare the
masticatory pressures produced by zero degree geometric, 20° diatoric,
30° Pilkington-Turner, and Hardy's metal inserts. Special metal base cast-

Occlusal Patterns and Tooth Arrangements 165

ings with interchangeable dentition overlays were constructed. After the
denture wearer had an opportunity to become familiar with each
dentition, pressures in six areas of the maxillary denture were measured
while the subject chewed standardized portions of peanuts, carrots, and
ham. The six test areas were the ridge crests, and the buccal and palatal
surfaces of the base subjacent to the mesial of the first maxillary molars
of both sides. The best chewing was done by the 30° teeth and the poorest
by the metal inserts. With 30° teeth, there was less pressure on the crest
of the ridge, but more pressure than with the other forms in three of
the four lateral areas. The 20° teeth showed the maximum pressure on
one crest and in-between pressure on the other crest. The lateral areas
registered in-between pressure in three areas and the least pressure in
the fourth area, The zero degree teeth exerted the maximum pressure
on one crest and the least pressure on the other crest, and in two lateral
areas. The same amount of pressure as the 20° teeth was observed in
the third area, while the least pressure was recorded in the fourth lateral
area. Compared to other forms, the Hardy’s steel inserts produced the
greatest pressure on one crest and the least on the other, but produced
the Jeast amount of pressure in three of the four lateral areas.

Kydd (1956) compared the horizontal mandibular denture base deforma-
tion associated with zero degree, 20°, and 30° teeth in one denture wearer
during mastication. The 30° teeth caused the greatest base extension (0.51
mm.). This deformation was 10 percent greater than that caused by the
20° teeth and 50 percent more than by the zero degree teeth,

Three occlusal schemes were studied in another group of five subjects
by Kydd (1960). He found no significant differences among the masticatory
performances of the three occlusal patterns. However, both 33°, and 20°
teeth caused significantly greater denture base deformation than that
caused by the zero degree teeth. The 3387 teeth caused 100 percent, and
the 20° teeth 68 percent greater compression of the denture base than
that caused by the zero degree teeth. The average extension was 33 percent
greater with both types of cusp teeth than with the zero degree teeth.

Similar findings were obtained in another study by Swoope and Kydd
(1966) in denture wearers. During chewing, both types of zero degree
teeth (with wide and narrow buccolingual surfaces) showed significantly
less compression and extension deformations of denture base than those
caused by the 30° teeth. However, the three types of occlusal forms caused
approximately the same amount of deformation during swallowing.

Stromberg (1955) used a different approach to measure forces placed
on denture bases during mastication. A small area of the tissue surface
of acrylic resin denture base was permitted to move freely, like a plunger
within the base. The plunger was cemented to a thin beam carrying a
strain gage. Plunger movement during mastication caused beam deflection
which resulted in changes in gage resistance. In order to measure lateral



166 Review of Literature

pressures, a test area was located in the right and left buccal flanges
adjacent to maxillary first molars. Zero degree and 33° teeth were tested
on duplicate dentures in two subjects. Bilateral pressure measurements
showed that the pressures exerted on the chewing side with 33° teeth
were approximately twice as much as with zero degree in one case and
about the same for both types of teeth in the other case. The nonchewing
side showed the same or slightly higher pressures with the zero degree
teeth,

Sharry, Askew, and Hoyer (1960} studied the distribution and amount
of strain induced by the occlusal loading of mandibular dentures (on
edentulous skulls) with anatomic and nonanatomic teeth. A strain-sensitive
lacquer was applied on the skull for this purpose. Greater bone deforma-
tion was evident beneath anatomic tooth forms than beneath nonanatomic
tooth forms. Bone deformation was seen in areas remote from the site
of loading and concentrated around foraminae.

MEASUREMENT OF JAW AND DENTURE MOVEMENT. Cinepho-
tography was used by Woelfel, Hickey, and Allison ¢1962) in their study
to determine the influence of occlusal form on jaw and denture movement.
The three types of occlusal schemes tested were: a. 33° teeth with bilateral
balance, b. 20° teeth with bicuspids and the first molars positioned with
a reverse buccolingual curve, and c. zero degree teeth on a flat plane
with the second molars inclined to serve as ramps. Complete dentures
with interchangeable posterior forms were constructed and tested in six
subjects. The shape of the masticatory cycles was generally not influenced
by the posterior tooth form. Neither the size nor the shape of masticatory
cycles was changed as the comminution of foed took place. The clesures
were slightly anterior to the opening movement with both the nonanatomic
and semianatomic occlusal forms. The closure was posterior to the opening
cycle with the anatomic form. However, the closures with all three forms
were in close proximity to the posterior portion of the envelope of motion.
The movement of maxillary dentures was minimal in five cases and fell
within a radius of 1 mm. with all three types of teeth. In the sixth subject,
with an unfavorable mandibular ridge, the movement of the maxillary
denture ranged between 5 to 7 mm. with the 20° reverse curve occlusal
scheme and less than 2 mm. with the nonanatomic and anatomic forms.

Smith, D. E., et al. (1963) measured the movement of maxillary and
mandibular dentures in relation to the underlying bone in seven denture
wearers while they chewed test foods. Two vitallium metallic pins were
embedded in the mandible, one at the midline and the other in the
area of the first molar. Two lead markers were placed directly superior
to the bone-embedded pins. Three radiopaque markers, one in the midline
and the other two corresponding to each first molars, were placed in
the manxillary dentures, Lateral and anteroposterior radiographs were
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taken as the subject chewed raw carrots while his head was fixed in the
cephalostat. The maxillary and mandibular dentures both showed consid-
erable movement. The movement of the maxillary denture was mainly
horizontal and the mandibular denture mainly vertical. However, no statis-
tical difference was found in the amount of movement between the maxil-
lary and mandibular denture. As much as 2.5 mm. of movement was
exhibited by well-adapted dentures on residual ridges. Thus, the authors
questioned the desirability of precise intercuspation in complete dentures.

ELECTROMYOGRAPHIC QUANTITATION OF MUSCLE FORCE.
Hickey, et al. (196%) reported their findings on the analysis of the electro-
myographic recordings of the closing masticatory muscles of nine denture
wearers with the same three types of occlusal schemes. Peanuts served
as test food in six subjects, raw carrots in five subjects, and unvulcanized
rubber in all nine subjects. With peanuts and carrots, the combined
average muscle activity of closing muscles was markedly higher (20.5 per-
cent with peanuts and 34.6 percent with carrots) with 20° teeth arranged
with reverse buccolingual curve and slightly higher (5.1 percent with pea-
nuts and 9.4 percent with carrots}) with zero degree teeth than those
with anatomic teeth. The combined muscle activity recorded for chewing
unvulcanized rubber was almost identical for the nonanatomic and semian-
atomic teeth and came to 12.2 percent higher than that employed with
the anatomic teeth.

FREQUENCY AND LOCATION OF OCCLUSAL CONTACT. Contact
of the opposing occlusal surfaces of teeth during function has been studied
with great interest both in subjects with natural dentition and with com-
plete dentures. In earlier studies, tooth contact was recorded as an electri-
cal potential difference between two opposing metallic surfaces.

Jankelson, Hoffman, and Hendron (1953) found no evidence of occlusal
contact during mastication in persons with natural teeth or in denture
wearers. Occlusal contact was recorded only during deglutition.

Yurkstas and Emerson (1954) found evidence of frequent contact of
the balancing and working occlusal surfaces of dentures in all twelve
subjects. Occlusal contact occurred with every chewing stroke on the bal-
ancing side. The frequency of contact on the working side was slightly
less and was increased by the amount of pressure exerted during chewing,.

Katres (1957) studied the occurrence of functional occlusal contacts in
sixteen denture wearers. Several types of occlusal schemes were used
in their dentures. Electrical recordings of occlusal contacts during chewing
of several test foods revealed variations among subjects and among trials.
The frequency of contacts was related to the test food rather than to
the type of occlusal form. The use of denture adhesive reduced the fre-
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quency of contacts in patients whose dentures lacked stability and reten-
tion.

In another study, Kaires (1959) tested anatomic and nonanatomic occlusal
schemes in one subject. The areas of contacts during chewing did not
coincide with the contact areas established on the articulator, No difference
was noted between the two occlusal schemes.

Miniaturization in electronics has made it possible to place transmirtters
in individual teeth so that signals generated by the contacting metallic
surfaces could be transmitted and continuously recorded. Several sophisti-
cated devices have been designed and placed in both artificial and natural
dentitions (Brewer and Hudson, 1961; Brewer, 1963; Graf and Zander, 1963; Scott and Ash,
1966; Glickman, Pamjier, and Roeber, [968).

Brewer and Hudson (1961) employed this method in two denture wearers
and found that the number of contacts varied during chewing and was
influenced by the type of test food. The frequency and character of
contacts were also affected by the type of occlusal form and by the prema-
turity in occlusal balance. Qcclusal prematurity on the balancing side in-
creased the number of contacts on that side and reduced the number
on the working side.

Brewer ¢1963) counted the number of occlusal contacts which occurred
during masticatory and nonmasticatory periods in eight subjects with com-
plete dentures over a period of several months. Occlusal contacts during
chewing were evident in all subjects. Six of the eight subjects showed
contact on almost every chewing stroke. The frequency was dependent
upon the type of test food and occlusal form. A proper occlusal balance
in cusp teeth provided a smooth pattern of contacts which occurred both
at the cusp tip as well as in centric occlusion. This evidence of the use
of lateral chewing strokes was noted in all subjects. Wide variations were
noted in the number and duration of nonmasticatory comacts. During
waking periods, the number of contacts varied from 150 per hour to
1500 per hour. During sleep, the total contact period ranged from 3
to 15 minutes for some patients to 1-1/2 to 2-1/2 hours for others.

Telemetric procedures have since been applied to attempt to answer
the important question, “Do functional contacts occur in centric relation
or in other positions?”

TISSUE RESPONSE

Trauma from occlusal prematurity is generally considered to be one
of the prime reasans for tissue soreness and resorption of ridges. The
proponents of the various types of oeclusal forms argue that their form
is the least detrimental. Tallgren (1969, 1972), and Atwood (1957) have mea-
sured changes in facial and residual ridge heights. However, there has
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been no major longitudinal epidemiological study to determine the various
systemic and denture factors on ridge resorption in denture wearers.

Woelfel and Winter (1970) reported on a study in which three groups
of fifteen subjects were followed over five to eight years for changes
in facial height and for areas of maximum residual ridge bone loss. The
subjects in the first group received dentures with anatomic teeth; the
second, semianatomic teeth; and the third, nonanatomic teeth. The greatest
bone loss and closure of occlusal vertical height was found in the group
with nonanatomic teeth; the least with anatomic teeth. Although these
differences were found te be statistically insignificant, the authors felt
that | mm. difference of alveolar bone resorption between the nonana-
tomic and anatomic should be considered clinically significant.

SUBJECTIVE EVALUATION OF DENTURE WEARERS

Brewer, Reibel, and Nassif (1967) constructed duplicate dentures for
twenty-five male patients, one with 33° anatomic posterior teeth and the
other with zero degree teeth. Subjective appraisals of their dentures by
subjects after six weeks to twenty-three months of use revealed that eleven
preferred dentures with zero degree teeth, rwo with anatomic reeth, ten
had no preference, while the remaining two dropped out of the study
due to neuropsychiatric reasons, Tt was also pointed out by the investigators
that only two subjects realized on their own that they had used two sets
of dentures. Even in these two cases, the subjects perceived difference
in a characteristic other than the occlusal form.

Woelfel, Hickey, and Allison (1969 also found among their six subjects
that preferences were equally divided for the anatomic, semianatomic,
and nonanatomic types of teeth.

In another study, Brewer (1970) compared the response of twelve subjects
to dentures made by seven dentists who used different occlusal forms.
The seven occlusal forms tested were: a. Hardy's steel inserts, b. zero
degree acrylic resin, c. zero degree porcelain, d. zero degree maxillary
acrylic resin and mandibular porcelain, e. 20° porcelain, f. 30° porcelain,
and g. 33° porcelain. Although dentures with Hardy’s steel inserts were
considered to be the most efficient by all the patients, none chose this
set for his future use. No occlusal form was found to be outstanding
for comfort, esthetics, and chewing.

DISCUSSION

The ideal occlusal form and tooth arrangement in dentures should
provide comfort, esthetics, mastication, phonetics, and preservation of
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denture-bearing tissues. Of these five qualities, esthetics and phonetics
appear to be the least affected by occlusal forms of posterior teeth. Their
measurement is subjective and difficult. On the other hand, masticatory
effectiveness, rissue response, and patient comfort are parameters which
can be defined and measured with a certain degree of accuracy. Therefore,
an occlusal form could be considered optimum for chewing if it achieves
maximum communition with comfort and minimum effort without exert-
ing unfavorable pressures on the supporting tissues. Thus, a measure
of masticatory performance should include both the degree of pulveriza-
tion as well as the amount and direction of forces associated with it.

Most studies on mastication to date have been devoted either to the
degree of communition achieved by vaious forms or to the occlusal forces
or muscle effort associated with mastication. Despite many excellent techni-
cal efforts made in designing dentures that could be tested under con-
trolled conditions, many of these studies have serious flaws in research
methedology. Very little attention has been given to defining parameters
or to developing methods to measure them reliably. For example, where
patient evaluations were used to compare the efficiency of different forms,
there was no systematic, pretested and validated questonnaire. Most stu-
dies ignored standard statistical approaches which call for the forming
of a hypothesis and then testing it. Frequently, only one or two subjects
were involved in the investigations. When more subjects were included,
additional variables were often introduced so that results were still drawn
an one or two subjects.

From all the studies cited in this review, certain conclusions emerge:

1. The average chewing ability of a denture wearer is extremely limited
and is about one-sixth of that possessed by an average person with
natural dentiton.

2. There were wide variations in chewing ability among denture wearers.
Very few showed chewing ability comparable to natural dentition.

3. Various denture factors, incdluding retention, stabilty, tooth forms, and
arrangemenents, fail to explain the wide differences in chewing ability
among denture wearers (Kapur, Soman, and Shapiro, 1965; Kapur and Soman, 1965;
Kapur, 1967; Langer, Michman, and Seifert, 1961).

4. Similarly, other variables among subjects, (i.e. tissue tolerance, ability
to apply force, age, sex, denture experience, and denture bearing tis-
sues and ridges) were found to show limited or no influence upon
chewing ability.

The wide variations in chewing ability among denture wearers can be
explained at present only on the basis of impairments of sensory processes
involved in food manipulation during function. It has been pointed out
that mastication is the result of a highly complex neuromuscular and
digestive activity by Kawamura (1964). The communition of food occurs
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primarily between the occlusal surfaces of teeth, which are brought into
action by the movements of the mandible. Proprioceptors in the muscles,
temporomandibular joints, and the periodontal membrane of teeth are
helped by various sensory cues from the food to direct the movements
of the mandible.

The effectiveness of the manipulating system regulates grinding by
continually carrying particles to the food platform for pulverization. This
demands appropriate selection, transportation, and confinement of larger
particles to the occlusal surfaces of teeth. Thus, if the ability 1o discriminace
is lessened and if not enough coarse particles are brought to the food
platform, even the best chewing mechanism cannot be expected to grind
food well.

The mouth possesses the complex ability of stercognosis to perceive
texture, form, size, and consistency of three-dimensional objects and to
help determine which objects should be swallowed or chewed, The two
structures directly involved in manipulating food during mastication are
the tongue and cheeks. The tongue actively dominates in this function,
for which it is well suited by nature of its two-point discrimination sensitivity
and its highly developed tactile localization. Efficiency in food manipula-
tion can be lost through impairment of the sensory feedback mechanism
{afferent system), integrating system, or of the efferent system.

It has been shown by Manly and Braley (1950) that mastication in persons
with natural dentition is selective in the sense that coarse particles of
food are ground more rapidly than are fine particles as chewing pro-
gresses. On the contrary, a random and nonpreferential pattern of chew-
ing was evident in denture wearers in studies by Kapur, Soman, and
Yurkstas (1964). It was hypothesized that impairments in the sensory feed-
back mechanism may be chiefly responsible for the nonpreferential chew-
ing pattern in denture wearers. Support for this theory was provided
in another study by Fischer and Kapur (1966), where blunted oral sensa-
tions, produced by local infiltration anesthesia in subjects with natural
dentition, caused a similar nonpreferential chewing pattern. Studies of
textural discrimination in denture wearers have shown that this ability
is impaired (Kapur and Gollister, 1970). If this hypothesis is true, one can say
that no substantial improvement in the chewing ability of denture wearers
can be made through improved designs of occlusal form, The solution
would lie in radical changes in denture designs, materials, and in physio-
therapeutic approaches,

Because studies of denture base deformation and stress distribution
have been limited to very few subjects, no significant conclusions can
be made. However, deformation of dentures, along with its tilting and
tipping, was evident in all the studies. Such deformation was somewhat
greater with anatomic than with nonanatomic teeth. However, there is
no way to ascertain whether the magnitude and direction of these stresses
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are critical to bone resorption often observed in denture wearers. The
problem is also complicated because the edentulous .condition is most
prevalent in older persons who may have other systemic problems. Diag-
nostic tools are lacking to predict the response of tissues. Modern nuclear
medicine has provided new methods now being tried to study the patho-
physiology of bone.

CONCLUSION

It is apparent from this review that there is no outstanding occlusal
form or arrangement of teeth among those presently available. Occlusal
form, tooth arrangement, and for that matter, the “clinical f.:xcellence"
of dentures appear not to be the key determining factors in d'enture
efficiency. In other words, the maximum function attainable with the
present types of dentures can be achieved by most of the prevalent forms
and technics. _

Present forms and denture designs are based primarily on certain ana-
tomical and mechanical considerations, which are thought to be advgnta-
geous for retention, stability, and functions. They are not esFabllshed
on truly physiological concepts because knowledge of oral functions 'fmd
bone pathophysiclogy for this purpose is nonexistent. Asa re.sult, little
or no advancement has been made in this area over the past thirty years.
For progress in complete denture prosthodontics to occur, it will be neces-
sary to investigate in depth the neurophysiological processes assoc1a}ted
with oral functions and the biophysical principles of bone metabolism.
Further, interaction of these activities should be studied in relation to
denture designs and materials.
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SECTION REPORT

INTRODUCTION

The following premises were agreed upon as a basis for discussion of
occlusal patterns and tooth arrangements:

1. The artificial denture is an inert, relatively rigid prosthesis whic_h is
subject to physical laws. Furthermore, the prosthesi's is placed in a
changeable environment which is prone to both immediate and progres-
sive post-insertion changes. )

9. The nature of occlusal force distribution, and the area over which
it is distributed, differs in natural and artificial dentitions.

3. Mandibular closure takes place in an essentially upward direction, and
generates multidirectional occlusal forces. It is probably desirable to
design occlusal schemes which will enable generated forces to .be as
near vertical as possible, as well as being distributed over the maximum
denture bearing tissues. :

4. Artificial dentures should be designed to fulfill esthetic requirements
and fabricated to enable a patient to perform oral functional move-

ments with minimal tissue damage. Consideration must also be given
to prevention of trauma by para-functional occlusal contacts.

All findings of this Section must be considered in the light of their agreement
that insufficient documentation exists in all areas considered.

OCCLUSAL PATTERNS

Anatomic and semianatomic teeth were grouped together for compari-
son since most investigators have failed to show any real difference be-
tween these types of teeth.

Interactions between denture factors and patient factors are known
to exist, but the nature of these interactions with occlusal patterns and
tooth arrangements are ill-defined and not clearly understood. Much re-
search is needed to evaluate these factors on successful complete dem.ure
treatment. The denture factors selected for study were stahility, retention,
and occlusal harmony. The patient factors were tissue toleran(;e, ability
te apply force, and the physical and emotional health of the patent.
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DENTURE FACTORS

STABILITY. It was found that anatomic occlusal patterns cause a
greater denture base deformation than nonanatomic teeth during func-
tion (Frechette, 1955; Stromberg, 1955; Kydd, 1956, 1960; Sharry, Askew, and Hoyer, 1960;
and Swoope and Kydd, 1966). Since transverse denture base deformation is pri-
marily a function of lateral forces, it may be deduced that greater lateral
forces were recorded with anatomic than with nonanatomic teeth. Thus
demands on denture base stability may be increased with the use of ana-
tomic patterns. However, these studies were somewhat limited in scope
and it was felt that further investigation is indicated.

RETENTION. Studies have shown extensive denture movements dur-
ing function with both types of occlusal patterns. Further research is
needed.

FUNCTIONAL OCCLUSAL HARMONY. The influence of posterior
denture tooth patterns on the maintenance of occlusal harmony was exam-
ined under two categories. Normal function—It was noted that extensive
movements of denture bases occur during mastication and swallowing
(Sheppard, 1. M. and Sheppard, 5. M., 1971 and Smith, D. E., et ol., 196%). This degree of
denture movement probably precludes harmonious occlusal relationship
during normal function. Long term function—In the context of long term
effects of complete dentures on the oral tissues, the resultant changes
in occlusal harmony were noted. Allowance must be made in the occlusal
pattern to accommodate for this continuous change,

PATIENT FACTORS

TISSUE TOLERANCE AND ABILITY TO APPLY FORCE. It was
apparent that definitive knowledge is lacking in this area and the recom-
mendation for further investigation is made.

MASTICATORY EFFICIENCY. It was accepted that the influence of
acclusal patterns on masticatory efficiency has been documented. The
character of the occlusal surface, whether it be anatomic or nonanatomic,
does not affect the masticatory performance in the complete denture
wearer,

FACTORS PERTINENT TO THE SELECTION OF THE OCCLUSAL
FORM. The following individual factors should be considered in the selec-
tion of the posterior occlusal tooth forms. Esthetic requirements—Whenever
esthetic requirements are paramount, the use of the anatomic tooth form
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is considered. Age—The prosthodontic requirement in the young individu-
al with minimal interarch distance may necessitate the use of anatomic
tooth forms. In the geriatric patient, the use of nonanatomic teeth is
preferred because of increased denture problems. Abnormal ridge rela-
tions—It has been documented that persons with Class 11 jaw relationships
demonstrated a tendency for an increased protrusive functional range
(Posselt, 1968; and Ingervall, 1964). Nonanatomic teeth may be employed with
greater ease to accommodate this functional need of the patient. Class
II1 jaw relationship—Nonatomic teeth are more readily arranged in cross-
bite relationship which is often required by these patients. Excessive in-
terarch distance—This is considered an indication for using nonanatomic
teeth because of the unfavorable leverage factors created by the distance
of the occlusal plane from the residual ridges. Denture experience—Studies
have shown that change from one occlusal form to another did not affect
patient acceptance of their dentures Brewer, 1970). Opposing occlusal
scheme—The occlusal pattern for a complete denture opposing a natural
posterior dentition or a partial denture restoration can be dictated by
the ceclusal form of the opposing dentition. Emotional health—Several
investigators consider emotional stress to be a factor in parafunctional
activities. Stresses from the ensuing tooth contacts will be more likely
to be transmitted in a vertical direction with nonanatomic teeth than
with anatomic teeth.

TOOTH ARRANGEMENT

ANTERIOR TEETH. The primary objective in arrangement of the
anterior teeth is to secure satisfactory esthetics and phonetics. Develop-
ment of occlusion may require modification of anterior tooth position
from the most desirable esthetic and phonetic position. The following
are principal guidelines influencing anterior tooth arrangement. The inci-
sive papilla— The central incisors should be placed anterior to the incisive
papilla. Reconstructed ridge—The projected roots of the denture teeth
should fall within the ridge outline when it is visually reconstructed by
an imaginary restoration of lost ridge contour. Pre-extraction records—Pre-
extraction records are one of the most reliable methods and should be
obtained whenever possible. Some modifications to natural tooth position
are often indicated. Phonetics—The use of phonetic sounds can be helpful
to determine the relationship of the maxillary anterior teeth to the lower
lip and of the maxillary teeth to the mandibular teeth. Clinical experience
has confirmed the use of this method, but research documentation is
lacking. It has been observed that the adaptive capacity of individuals
is considerable and liberties relative to phonetic guides may often be
taken with but little permanent influence on speech. Previous denture ex-
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perience—Radical departure in tooth positon from previous denture expe-
rience may result in functional problems as well as problems with patient
acceptance. Familial similarities—Familial similarities often exist between
parent and child and should be used as a clinical guide whenever possible.

EFFECTS OF ANTERIOR TOOTH POSITION ON DENTURE
RETENTION AND STABILITY. Esthetics is a major consideration in
the placement of the maxillary anterior teeth, even though it may slightly
diminish the retention and stability. The mandibular anterior teeth are
not as critical to the maintenance of facial contour, so they should be
positioned to minimize dislodging forces. The most desirable tooth posi-
tion (esthetically) may have to be altered to provide occlusal harmony,
depending upon the requirements for a balanced or unbalanced occlusion.

POSTERIOR TEETH. The position of the posterior teeth on complete
dentures can affect qualities such as stability, retention, occlusal harmeny,
masticatory effectiveness, force tolerance, esthetics, and phonetics (Table
1). There are two principal approaches to the problem. The first is to
achieve the maximum stability of the dentures; the second stresses the

TABLE I
FACTORS EFFECTED BY POSTERIOR TOOTH POSITION

Stabil- Reten- Masticatory Force  Pho- Esthe-

ity ton  Efficiency Tolerance netics tics
Based on  Maxillary @ &® O ® ] e
Mechanical
Principles  Mandibular @ @ 0 & o 2
Based on  Maxillary e (S] O o @ @
Natural
Position Mandibular e e [ Q @ @D

@ = favorable effect, not decumented

© = unfavorable effect, not documented

0 = some documentatien, but more research need-
ed.

duplication of the previously existing dental structures. Positioning of
the posterior teeth in the exact location of the previously existing natural
teeth results in very desirable esthetic and phonetic qualities. However,
the other stated qualities are often less than optimum. Therefore, certain
modifications of the natural tooth position may be indicated.

GUIDES FOR DETERMINATION OF THE OCCLUSAL PLANE
FOR POSTERIOR TEETH. External landmarks such as the ala-tragus
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line should only be used as a starting point in determining the inclination
of the posterior occlusal plane. Several valuable guidelines have been
shown to be related to the level and inclination of the posterior occlusal
plane. In the first premolar region, the plane should be at or below
the level of the commissures of the lips at rest. The level of the retromolar
pad is a reliable landmark in the posterior region and the occlusal plane
should not terminate above the level of the pad. In the majority of patients
it should intersect near the center of the pad. However, it is conceded
that the long term stability of the pad’s location is not documented. Modifi-
cations in the level and inclination of the plane can be made to improve
stress distribution.

OCCLUSAL CONCEPTS

The Section members believe that the arrangement of individual teeth
in selected occlusal concepts can result in inclinations which were not
designed into the teeth. For example, the use of nonanatomic teeth does
not necessarily ensure a monoplane tooth arrangement, The incorporation
of anteroposterior occlusal plane curvatures may result in the delivery
of torquing forces to the denture.

SUMMARY

At present, the choice of a posterior tooth form or arrangement for
complete dentures is an empirical procedure. Little or no supporting
research is available to the profession relative to the overall effect on
esthetics, function, and the long term maintenance of the supporting
tissues. All of the occlusal forms may be arranged with or without bilateral
balance. A great many claims and counterclaims appear in the literature
extolling the merits of a given concept or pointing out the deficiencies
of another. Scores of clinically competent and intellectually honest profes-
sionals document clinical experiences in a very subjective manner. Since
their experiences differ and their conclusions conflict, the practitioner
is left to make his own choice. The available research fails to identify
a superior tooth form or arrangement, therefore it appears logical to
use the least complicated approach that fulfiils the requirements of the patient.

Respectfully submitted,

Marvin E. Baxla
Charles L. Bolender
A. Andersen Cavalcanti

Charles M. Moore, Chairman
Dale E. Smith, Secretary
Krishan K. Kapur, Reviewer
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DISCUSSION OF REPORT

Following the reading of the Section report by chairman Moore, a
motion for its acceptance was made by Baxla and seconded by Bolender.
The motion was defeated by the members of the General Assembly. Koper
made the motion to open the report to discussion which was seconded
by Larkin and approved. A lengthy discussion of the report ensued befgre
Aull made the motion to table the vote on acceptance of the Section
report and asked that the members of the Occlusal Patterns and Tooth
Arrangements Section adjourn and reconsider their report, then return
to the General Assembly later in the day for a second reading. The motion
was seconded by Lang and approved by the General Assembly.

Moeore returned to the meeting and read the revised report published
herein. The chairman of the General Assembly requested a motion for
acceptance of the report. Zander responded, “I would like to move that
we accept the first page [introduction] and the summary statement of
this document, both of which are excellent, for the following reasons.
We all received a letter that stated the primary purpose of the Workshop
is a scientific appraisal of the current knowledge of complete denture
occlusion, with every effort being made to arrive at conclusions based
on [actual scientific evidence, and not unsupported empirical theories.
It states in the introduction of the Section report that there was insufficient
documentation. The summary again states everything very clearly. Be-
tween the introduction and summary are items which are not document-ed,
but empirical statements that make recommendations, and I don't thlr_lk
that this was the purpose of this Workshop. Therefore, I move again
to accept page number one [introduction] and the summary statement
of this report.” The motion was seconded by Celenza. .

Kapur commented that Dr. Zander accepted such statements in .the
previous Section’s report. For example, “It is the opinion and clinical
experience of many that pantographic registrations can be reproduced
for edentulous subjects. This we accept even though it has yet tolbe
established in the literature.” “So,” continued Kapur, "I am wonder{ng
why there is a dual approach with acceptance of these reports. I think
we have accepted the reports which have not taken any pesition, and
if this is what we are interested in, 1 think we should have adjourm?d
after the review papers had been submitted to the Organizational Commit-
tee, because everything has been mentioned in the review.” He added
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that “the purpese of this gathering is to try to come up with some position
which, in the opinion of an intellectual body like this, would provide
guidelines so that we could go back and be able to apply them rather
than principles which were established by subjective judgments with no
validation.”

Regarding the lack of documentation mentioned by Zander, Kapur
cited the references given for the topic stability under denture factors.
Zander responded, “I moved to accept the introduction and the sumimary
statement. I think they are excellent and truly state our present state
of knowledge on this subject matter. , . . there is nothing wrong with
accepting this report; it is a two page report. The summary statement
really states the state of the art and the first page [introduction] helps
us a great deal. In between these sections there are too many things
that most of us will not agree with—that's why I made this motion.”

Woelfel suggested that the occlusal patterns and denture factors sections
also be accepted. The amendment was not acceptable to Zander.

Celenza objected to the implication in the report that nonanatomical
teeth transmit fewer forces than anatomical teeth.

Woelfel felt that some of the controversy regarding the Section report
could be resolved if rather than recommending nonanatomic teeth for
all three types of occlusions, and for improving emotional health as
is presently in the report, “if we could list the advocates and advantages
of nonanatomic teeth and also the advocates and advantages of anatomic
teeth, and list documentation for certain advantages, it would be easy
to add to the report and we would have the concepts of both groups,
because they represent two different opintons.” He added “that if there
were thirteen different people in this Section, they might have come
up with somewhat different conclusions depending on how many advo-
cates of each category were members of the Section. A balanced member-
ship could probably have made such a list [mentioned above] rather
than recommending one type of tooth for all situations.”

Zander withdrew his mation to accept the introduction and summary
statemment. The second was also removed. Zander then made a motion
that the entire report be accepted. This new motion was seconded by
Shipmon. Discussion continued for some time without resolution of the
maotion. Zander finally removed his second motion and Shipmon withdrew
his second.

Asgar suggested that the approval of Zander’s motion to accept the
introduction and summary statement would at least provide a report for
publication. He said that “once the introduction and summary statement
have been disposed of, the members of the General Assembly could then
address themselves to the remaining contents of the report.” The sugges-
tion to accept the introduction and summary statement was placed in
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the form of a motion and seconded. The members of the General Assem-
bly approved the motion.

Hickey asked if there was a mechanism available to the members of
the General Assembly for further revision of the remaining portion of
the report followed by a mail ballot regarding its acceptance. Lang
responded that such a mechanism was not feasible and would not be
in keeping with the format of the Workshop.

Perry felt that this was the time to have a vote between those who
are practicing Prosthodontists and who are faced with the problem of
constructing dentures for patients who have no teeth, as opposed to the
Periodendsts and the teachers and researchers and those who do very
little work in a practical way with their patients. He added, “Lets bring
this motion to a vote and pass it in honor of the work of that Section,
because what they have said is in no way a deterrent to the comfort
and use of complete prosthodontic appliances by their patients.”

Shipmon then moved to accept the remaining portions of the Section
report as read. This motion was seconded by Bell. Following a close voice
vote, parliamentarian Ostrander called for a standing vote., The motion
was passed.
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REVIEW OF LITERATURE

Physical Properties of Dental Materials as Related
to Complete Denture Occlusion

M. KAMAL EL-EBRASH!

Research activity in the area of dental materials has been extensive
in recent years, Both applied and basic research studies were aimed to
improve dental restorations and appliances. The clinical performances
of materials have been covered in numerous reports, but the main chal-
lenge is to correlate physical, mechanical, and biological data with the
clinical behavior of materials.

This review will be a critical assessment of the most recent research,
covering the concepts which are the most controversial, along with the
properties of materials and theoretical considerations that would seem
to trace the more significant alterations in future clinical performances.
Correlation between physical and mechanical properties of materials to
occlusion will be emphasized.

IMPRESSION MATERIALS AND TRAYS

The term impression material refers to that class of materials used
to register or reproduce accurately the form and relationship of the teeth
and oral tissues. Three different classes of materials are used for making
complete denture impressions: a. elastic materials; those which remain
in an elastic or flexible state after removal from the mouth; b. thermoplas-
tic materials, or those which become plastic at higher temperatures and
resume rigidity when the temperature is lowered to the mouth tempera-
ture; and c. rigid materials, or those which set to a rigid consistency.

The area of impression materials appears to be getting the average
attention it enjoyed in previous years in the dental literature. No new
types of impression materials or major aiterations in technics have been
developed during the past five years.
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Basic studies include further investigation of the setting mechanism
of both polysulfide polymers and silicone rubber materials. The mechani-
cal properties of elastomeric impression materials and their relation to
clinical usage has been reported (Braden, 1966; Braden and Ellior, 1966, MacPherson,
Craig and Peyton, 1967; Ozahi, 1965).

Ozaki (1965), and Koan-Fuei, Kao, and Hashimoto (1958) investigated
the setting process at room temperatures, Dental silicone rubber impres-
sion materials were compared. Both double-mix and triple-mix materials
had a comparable amount of distortion. The setting time, however, was
longer for the double-mix type. On comparing the elastic properties,
the silicone rubber materials were found more elastic, and polysulfide
rubber base and alginate were inferior (in that order). The elastic proper-
ties of all types of impression materials after storage were superior under
low temperature and high humidity, as compared with those stored under
high temperature and low humidity (Braden and Elliot, 1966).

The rheology of elastomeric dental impression materials was investigat-
ed by Chong (1971) using a reciprocating rheometer. The viscosity changes
in the setting material were recorded continuously and graphically. Rheo-
logy of elastomeric materials deserves more research.

Maintenance of the attachment of polysulfide material to a rigid impres-
sion tray is necessary in order to achieve optimal accuracy in the impres-
sion. Ellam and Smith (1966) demonstrated that an adhesive which hecomes
tract-free before the tray is filled gives superior bonding of the material
to the tray. Since bond strength was higher with a more rapid loading
rate, the rationale for “snap” removal of the impression received further
support. Bliss and Saggs (1967 have shown that deformation takes place
if the impression tray is twisted during removal.

Some photoelastic simulation of mercaptan rubber impression materials
was reported (Collerd, Srandlee and Caputo, 1970). No dimensional analysis equa-
tions were used for the simulation in that study. Accuracy of impressions
made with elastic impression materials received a great deal of attention
(Shippee, 1966, Wilson, 1966, Basset, Vander Heide and Smith, 1969; Shelir, et al., 1970;
Podshadiey, et ol., 1970; Asgar, 1971). Most of these reports used the conventional
methods, but lacked scientific experimental design techniques. Some
report that silicone is superior to other elastic impression materials, and
others claim that mercaptan rubber is superior. Some correlation has to
be established between setting time, temperature, humidity, tray adhesives,
dimensional stability, and the accuracy of dies made from elastic impres-
sion materials.

Stackhouse (1970} reported that generally more uniform dies were con-
structed from silicone than from mercaptan rubber, Since he used per-
forated trays that are not used in making impressions for complete den-
tures, the report is not applicable to complete denture construction. The
classical statement of Peyton, et el. (1968) is still significant. They wrote
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that, “both the mercaptan and silicone materials have been much im-
proved. Each group has some advantages and disadvantages. The mercap-
tan polymers have been found to be more reliable in clinical use than
the silicone materials produced so far. They are strong, relatively stable,
elastic impresston materials, which when correctly handled, give excellent
results.”

On studying dimensional accuracy and stability of polysulfide and sili-
cone rubbers, it was found that both materials will shrink during curing
(Asgar, 1971} Two recognized methods have been established for the poly-
merization shrinkage of rubber base materials, namely the restricted meth-
f)d and the free method. It was found that the curing shrinkage of rubber
impression material measured by the free (floating) method is about twice
as much as that measured by the restricted method. The curing shrinkage
of the silicone type is greater than that of the polysulfide type. Curing
shrinkage of both types does not terminate at the time of removal from
the mouth, but continues for a long period of time. Polysulfide rubber
is more stable in dimension and shrinks less during curing in the first
twenty-four hours than does silicone rubber.

Irreversible hydrocolloids have been studied by various methods. Elastic
recovery from compressive strains was studied by Makinson (19713 An
optical method to replace the mechanical system was used. In most in-
stances, values obtained for permanent deformation were less than those
obtained from the optical method. This may be due to large strains at
low stresses for these materials. It was noted that after deformation, an
alginate impression should be allowed to recover before pouring the cast,
and that for large undercuts, alginates may not be suitable. Bliss and
Saggs (1967 found that a thin mix of alginate proved to be more susceptible
to permanent deformation than a thick mix. Tear strength was higher
and permanent deformation lower, under rapid loading, thus the impor-
tance of rapid removal of the impression from the mouth is reaffirmed.
Walter (1971) studied fifteen alginate impression materials, He found that
the materials which demonstrated the least ability to reproduce undercuts
without rupturing were the materials which showed the least strain in
compression. Walter’s work showed that there is a lack of research of
the tensile properties and behavior of alginates.

Other investigators (Smith and Wilson, 1965; Wilson, 1966; Morrow, et al, [971;
Buchan, 1963; Chong, M., Chong, J. and Docking, 1970) studied elastic recovery, other
properties, and technics related to alginates. The compatibility of alginates
and dental stones was studied by Morrow, ef al. (1971, It has been recom-
mended that the mix of plaster or stone can be started by an assistant
while the impression is being rinsed and dried. The poured cast and
%mpression should be covered with wet paper toweling or should be placed
in a humidor at 100 percent humidity to prevent drying of the alginate
while the stone is setting.
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Although the alginate impression materials are sufficiently elastic for
clinical use and possess higher compressive strength values than the agar
type, they tear more readily than do agar hydrocolloids, especially in
thin sections. Close adherence to the manufacturer's directions specifying
water to powder ratio, mixing time, water temperature, and leaving the
impressien in the mouth two to three minutes beyond the gelation time
would help in forming clinically acceptable impressions. Should the water
content of alginate gels be altered either by evaporation or syneresis,
distortion of the impression will result. The alginate impression, like the
agar impression, should be poured as soon as possible following removal
from the mouth. Hydrocolloid impressions cannot be electroplated suc-
cessfully. In general, all of the precautions which apply to the handling
of alginates apply also to the agar hydrocolloids. Alginate impression
materials are considered to be more sensitive to variables of manipulation
than the agar impression materials.

Reversible hydrocolloids did not get enough attention in the last decade.
Although they are seldom used in complete denture procedures, they
are still excellent impression materials if properly manipulated. Panchokha
(1969} reported on the physical properties of duplicating hydrocolloid com-
pounds. The accuracy and dimensional stability of reversible hydrocolloid
impression material has been studied by numerous investigators. In gen-
eral, it has been found that if care is exercised in liquifying and tempering
the hydrocolloid when properly forming the impression, and if the impres-
sion is poured immediately after it is removed from the mouth, clinically
accurate results are obtained. There is no satisfactory method for pro-
longed storage of such impression because of the occurrence of imbibition
and syneresis, and the fact that dental impressions have varying contours
and thicknesses. The degree of dimensional change occurring is different
throughout the impression. The water content of hydrocolloid gel may
be altered by syneresis. When syneresis occurs, an exudate (consisting
of water and salts from the agar gel) forms on the surface of the impression
and causes shrinkage of the hydrocollieid impression. Syneresis is different
from the loss of water by evaporation; syneresis takes place even during
the storage of the impression in 100 percent relative humidity.

The physical properties of zinc oxide-eugenol pastes were reported
(Myers and Peyton, 1961; Asgar and Peyton, 1954) as well as the effects of temperature
and water on the setting time. The setting times were reduced by increas-
ing the zinc oxide to eugenol ratio, by increasing the temperature, and
by increasing the spatulation time. The addition of water to zinc oxide-
eugenol pastes is not advisable as a means of controlling the setting time.
It is a recognized fact that varying the mixing proportions of the zinc
oxide and the eugenol pastes has little effect on the resulting values for
physical properties. Erratic results were obtained for values of setting
time, hardness, and strength in a study by Hempton and Bevan (1964).
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Zinc oxide-eugenol pastes are used for functional impression materials
it complete denture prosthodontics. For functional impressions, the mate-
rial should flow and not recover, that is, it should be plastic or viscous.
Moreover, if the impression is to be completed in a short time, it is
necessary that the material should reproduce the mucosal surface rapidly.
If the material is to be left in the mouth for a prolonged period, it
is necessary to have less flow; therefore, a harder material is required.
This theoretically critical controversy must be resolved if truly functional
impressions are to be made in complete denture prosthodontics.

Plaster impression materials were rarely researched in the last ten years.
Although these materials are considered adequate materials, they suffer
from the necessity of applying a thin film of separating media such as
soap, alginate, or sodium silicate, to the impression prior to pouring the
cast. There is no A.D.A. Specification for plaster of Paris impression
materials.

Little research has been conducted during the last few years on dental
impression compounds (Cembe and Smith, 1965). The principal reason for this
lack of research to improve these materials is probably the decline in
their use caused by the development of the various types of elastic impres-
sion materials.

Acrylic resin is still the most popular material for the construction of
custom impression trays (Bailey, 1955). The new disposable tray systems
introduced in recent years has decreased the interest in research of new
tray materials.

It has been found that the accuracy of casts made from rubber impres-
sion materials also depends upon the bulk of the material used. Rubber
impression material behaves in an opposite manner to that of the hydrocol-
loid impression material. Increasing the bulk of the material decreases
the potential of distortion and tearing of the hydrocelloid impressicn.
Too small a bulk of rubber material also may cause some distortion of
the impression at the time of removal from the mouth. A thickness of
3 to 4 mm. of the rubber impression material is usually recommended.
The bulk of the rubber material also should be uniform over the entire
area (Asgar, 1971). Rubber impression materials should not be used with
tray compound material because some of the chemicals in the impression
may soften the compound, causing a lack of support of the impression,
resulting in distortion of the impression.

MODEL AND DIE MATERIALS

Dental stone, plaster, amalgam, silicophosphate cement, electroplated
silver and copper, and casting investments are some of the materials used
to make casts or dies from dental impressions. The accuracy of stone
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dies made from rubber impressions were studied by StackhQuse (1970).
The stone dies poured successively from the same rubber impression
became increasingly shorter in length and thicker in diamgt_er. His study
compared stone dies cast from one thiokol and three silicone rubper
impression materials. Newman and Williams (1?69) have found.that im-
proved dental stone, along with other stone dies and meral dies, hgve
comparable strength and accuracy. Harcourt and G'l”a]‘flt (1971) stud}ed
the surface crystal morphology of gypsum using transmission and scanning
electron microscopes. A wide variation of crystal morphology was evident
and was related to changes in the water-powder ratio and to the nature
of the chemical additives. Sodium chloride additions produced the greatest
deviations from the normal shape of the gypsum crystals, where potassium
sulfate additions tended to produce clusters of long slender crystals. Large
coarse crystals resulted from borax additions. The chemical additions pro-
duced variations in the setting times and expansions, but no definite
relationships among these values and crystal morphology could be estab-
lished.

Jorgensen and Kono (1971) found that the porosity of nonvacuum treated
stone is about 1.07 percent, whereas after vacuum treatment it is reduced
to about 0.6 percent. Vacuum treatment results in an increase of tllle
compressive strength of approximately 20 percent at a wat(.-:r-powder ratio
of 0.21. This effect is reduced at higher water-powder ratios.

Combe and Smith ¢1971) introduced lignosulfonates into dental stones.
These additions produce superior models and die materials that.arc.e com-
patible with dental impression materials. Lignosulfonates hav-e sngnﬁu:ant
effects on autoclaved calcium sulfate hemihydrate; i.e., reduction in water
requirements, retardation of setting time, an increase in cpmpressive a-nd
tensile strength, an increase in hardness, and an increase in linear setting
expansion. Stones containing 99.47 percent hemih_ydrate, 0.33 percent
commercial lignosulfonates, and 0.20 percent potassium sulfate appeared
to be the most suitable for dental use. The mechanical properties were
supertor to those of existing stone. . .

The surface hardness of stone was improved by impregnating stone
with acrylic resin, but there was some loss of die accuracy (Eshler.nan, 1.971).
The comparison of the kinetic curves with Gillmore initial setting times
revealed that the amount of surface-reacted product necessary for the
mass to withstand penetration increased with increasing liquid-powder
ratios. Increasing accelerators caused the piaster structure to weaken (Har-
court and Leuwtenschlager, 1970,

The relation between compressive and tensile strength was independent
of the water-powder ratio employed (Jaca and Chevitaresse, 1968). X-ray diffrac-
tion methods were employed to investigate setting reactions of gypsum
materials (Lawenschlager, Harcourt and Ploszaj, 1969). Other properties were re-
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viewed in recent years, and the mystery of chemical behavior of gypsum
is almost completely solved (Lawenschiager, Harcourt and Ploszaj, 1969; Williams and
Smith, 1971; Docking, 1958; Toreskog, Phillips and Schnell, 1966; Getileman and Ryge, 1970;
El-Tannir and Imam, 1969; Lautenschlager and Corbin, 1969; Ryge and Fairhurst, 1956; Mahler,
1951},

The optimum results with dental stones are obtained when care is direct-
ed to measuring the correct water-powder ratio, spatulating for the recom-
mended time, allowing forty-five to sixty minutes to pass before removing
from the impression (depending on the particular stone), and waiting
approximately twenty-four hours if the full strength of the cast of die
is desired.

BASEPLATE MATERIALS

Wafers of thermoplastic materiais are made in suitable gauges to be
heated and conformed to casts under pressure, When the material has
returned to the hard state on cooling, and the excess has been trimmed
away, the resultant forms serve either as individual impression trays or
trial bases. The material, when softened and pressed against the cast,
should stay dimensionally stable, and should not spring back on the release
of the pressure. The most generally used wafers for this purpose are
mixtures of shellac and filler (Nagle, Sears and Silverman, 1962).

Burnett (1968) described a technic for construciing a trial denture base.
A combination of soft and hard resins are used, by first placing the
soft resin (COE-SOFT) in undercut areas. Using the “dust-on” method,
the autopolymerizing acrylic resin is applied over the cast and the soft
resin. The resins are cured under air pressure, in a pressure chamber,
This type of baseplate may be used without danger of scarring the master
cast.

Sometimes the baseplate materials that are used for construction of
trial denture bases are stabilized using aluminum foil and zinc oxide-
eugenol paste (Sitverman, 1957).

It seems desirable to develop a material which is essentially an impression
material, and is capable after making the impression of the patient’s oral
tissues, to be transformed through some system to 2 denture base material.
This will eliminate several steps, namely, casting the master impression,
the construction of a trial denture base, and then the transformation
of the temporary base into a permanent denture base material. Registra-
tions of jaw relations, functional usefulness, durability, tissue adaptability,
and errors of processing may be significantly reduced.
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WAXES

Procedures in complete denture prosthesis cannot be carried out with-
out the use of wax in one of its many forms. The tasks that these different
waxes perform (and, therefore, their properties) vary greatly. Little is
reported in the dental literature about the basic nature, compositions,
thermal, and mechanical properties of the dental waxes currently em-
ployed in a variety of applications. All waxes exhibit a relatively high
degree of flow when subjected to compression forces, with some having
greater flow than others. The thermal expansion of waxes is excessive
in comparison with other dental materials. All waxes exhibit a tendency
to warp or distort, and this quality is influenced by the existing tempera-
ture (Peyton, et al., 1968; Chashi end Paffenbarger, 1969; Craig, Eick and Peyton, 1966; Craig,
Eick and Peyton, 1965; Craig, Eick and Peyton, 1967; Shinner gnd Phillips, 1967). When
certain waxes are properly blended, the ability of the new combination
to perform a given function is often enhanced due o medification of
properties. The expansion and contraction of dental waxes is pronounced
with changes in temperature since dental waxes have the largest coefficient
of thermal expansion of any restorative material in dentistry.

The measute of flow of waxes below the melting point is really a measure
of the degree of plastic deformation of the material at a given temperature.
A wax which becomes permanently deformed under stress (flows) exhibits
the quality of plasticity, whereas the amount of recovery of the wax to
its original shape (following the removal of the stress) indicates its degree
of elasticity. On the other hand, the ability of the wax to be permanently
deformed without rupture is a measure of its ductility, and is closely
refated to the qualities of flow and plasticity. Like flow, the duciility in-
creases as the temperature of the wax is increased.

Baseplate wax is used extensively in prosthodontics. Generally the com-
position is assumed to be 70-80 percent paraffin base waxes or commercial
ceresin, 12 percent beeswax, 2.5 percent carnauba, 3 percent natural or
synthetic resins, and 2.5 percent microcrystalline or synthetic wax (Peyon,
et al, 1968). Type I baseplate wax, which exhibits the greatest flow, should
not fracture when bent double on itself at 70° F. Type 11 baseplate wax,
possessing the least flow, should not fracture at 80° F when bent double.
There is much residual stress within the baseplate wax holding and sur-
rounding the teeth of a waxed denture. These stresses result from dif-
ferential cooling. Therefore, the waxed dentures should not be allowed
to stand for long periods of time, especially when subjected 1o elevated
temperatures.

Boxing wax should be pliable at 70° F and should retain its shape at
95° F. In a broad sense, this defines its lower temperature limit of ductility
and flow. It is desirable to have a boxing wax that is readily adaptable
to the impression at room temperature. This property reduces the chance
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of distortion of the impression from the standpoint of both temperature
and the stress involved in the boxing procedures.

Impression waxes are formulated for use as an impression material,
exhibiting high flow and ductility, and with the ability to distort readily
when withdrawn from undercut areas. The impression waxes may be
divided into two classes, the corrective waxes and the bite waxes. The
corrective waxes are usuaily used as a wax veneer over an original pattern.
The bite wax is used in bulk form: for example, beeswax has been used
in certain prosthetic procedures for many years. In general, both types
are soft and plastic at mouth temperature, and yet possess enough body
to register and retain the bite detail. Finally, while the information which
is known about waxes generally is being used skillfully, there are numerous
problems which remain to be solved.

DENTURE BASE MATERIALS

The Academy of Denture Prosthetics has outlined the requirements
of an ideal denture base in hopes of stimulating interest in, and giving
direction to, the area of denture base materials (Atwood, 1968). The qualities
were divided into seven arbitrary categories: (1) physiologic compatibility,
(2) acceptability to patients, {3) functional usefulness, (4) hygienic factors,
(3) durability, (6) adaptability to clinical problems, and (7) cost factors.
The report was ambitious enough to suggest a denture base molded direct-
ly to the oral tissues, i.e., the impression material would become the base.
Grant and Greener (1967} found that flexure strength of polymethyl meth-
acrylate could be improved by reinforcement with sapphire whiskers.

The properties of polycarbonates proved to be comparable to polymeth-
yl methacrylates with respect to some properties (Siafford and Smith, 1967).
Impact strength was higher and water sorption lower. Short term clinical
observations of twenty-five polycarbonate dentures reported no fractures.
The dentures lost some of their polish. Lyon (1369) investigated the flow
properties of four denture base polymers at various temperatures and
load ranges. Three resins were heat-cured polymethyl methacrylates and
the fourth was a polycarbonate (Andoran, Bayer, West Germany). Flow
of heat-cured resins, under stresses which could be developed by differen-
tial thermocontractions within a gypsum mold, took place at temperatures
as low as 60° C. It was found that in order to reduce the dimensional
changes and the internal stresses within denture bases, it is advisable
to cool the flask as slowly as possible from the processing temperatures
to 60° C, then any rate of cooling will not impair the accuracy. The polycar-
bonate material showed little or no flow, so that greater dimensional
changes could be expected on removing a denture from the flask.
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Civjan, et al. (1968) reported on a pourable type resin. The powder
is a polymer of high molecular weight and a small particle size. Poured
denture bases (Shepard, 1968) appeared to {it casts more accurately than
those formed by compression technics. Swartz (1966) found that aluminum
was suitable for denture bases, and if handled properly, retention of
aluminum dentures was superior to that of polymethyl methacrylate bases.
Geissler (1969) also reported that aluminum-bronze could be used for con-
structing complete denture bases. Alloys of copper containing 10 percent
aluminum, as well as nickel, iron and manganese in small amounts, were
used. Alloys of these materials were less dense than chrome-cobalt, but
aluminum-bronze and gold had the same hardness. Limited clinical experi-
ence was reported using these new alloys.

Waters (1968) studied the mechanism of fatigue fracture of acrylics.
Fatigue failure was due to crack propagation originating either from a
flaw or an inclusion in the denture base material. Kelly ¢1967) investigated
cyclic loading of heat-cured and autopolymerized denture resins, and
found that heat-cured materials were more resistant to flexure fatigue,
A limited number of the fractured heat-cured samples were repaired
with autopolymerized resin and retested. The fact that some of this group
fractured through the heat-cured resin suggests that the previous flexing
had impaired the strength of the heat-cured material. Hargreaves (1969)
studied the prevalence of fractured dentures. An analysis of the cause
of fracture in ninety-one dentures (partial and complete) showed sixty-
eight percent had broken by the end of three years of usage, with a
greater proportion being partial dentures. Forty percent of the dentures
were broken during mastication, there being twice as many complete den-
tures as partials.

There is no evidence in the literature that the physical properties of
acrylic resins deteriorate with age. Berry (1957 suggested that there was
some correlation between midline fracture of upper complete dentures
and occlusal wear of acrylic resin teeth. It was noted that if upper teeth
are set too far buccal to the lower teeth, an anti-Monson curve of occlusal
wear develops and leads to fracture of upper dentures.

Stafford and Smith (1968) studied some properties of polymethyl meth-
acrylate polymers. It was shown that polymethyl methacrylate polymers
had low tensile strength, particularly under conditions of impact and
fatigue.

Four materials; Kallodent (PMM containing about (.9 percent benzoyl
peroxide and pigment), Luxene (copolymer of vinyl chloride, vinyl acetate,
and methyl methacrylate supplied as a gel material), and Impak (modified
PMM containing 0.3 percent cross linking agent and a smail amount
of polystyrene resin), and Andoran (which is a linear polyester of carbonic
acid in which the carbonate groups recur in the polymer chain) were
investigated. All materials showed lower strength after water sorption,
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and their tensile strengths were of similar magnitudes in decreasing order;
Kallodent, Luxene, Impak, and Andoran.

Jones, Wilson and Osborne (1970) studied the impact properties of porce-
lain, acrylic, polystyrene, and ceflulose acetate, The authors did not use
the conventional pendulum machine, but developed a method for deter-
mining the transverse strengths of small specimens (3 X 2 X 20 mm,).
It was found that the force required to break a specimen in bending
increased as the rate of loading increased frem 0.017 mm. per second
to 135 mm. per second (the determined chewing speed). Deflection of
transverse specimens decreased as the rate of loading increased. Materials
became stiffer at higher rates of loading. The energy required to fracture
a specimen generally decreased as the rate of loading increased. There-
fore, in the determination of transverse properties of dental materials,
the rate of loading should be similar to the chewing speed, that is 135
mm. per second.

Paffenbarger, Sweeney and Bowen (1967 reported bonding of porcelain
teeth to resin denture bases by treatment of the teeth with a silane coupling
agent of the type used for bonding inorganic fillers to the matrix in
composite resins. Some residual stress was evident i the process which
appeared to strain the porcelain teeth, sometimes causing fracture during
or after processing. Semmelman and Kulp (1968) and Myerson (1968) investi-
gated this phenomenon further and found that the strength of porcelain
teeth (bonded to the denture base) was reduced. The reduction in strength
was attributed to shear stress induced by shrinkage of the resin during
cooling. Lower processing temperatures produced less flaws in the porce-
lain, and little or no weakening of the porcelain cccurred when it was
bonded to autopolymerized acrylic resin. Thus, the difference in thermal
expansion of the resin and the porcelain appeared to be the causative
factor,

Deposition of a microlayer of silica (Boucher, &t ol,, 1968} on the surface
of PMM has been shown to increase its wettability. Theoretically, such
treatment should improve the adhesive characteristics of denture base
materials. After a clinical investigation of the (Durabond) process, it was
found that the force required to dislodge mandibular dentures was greater
after the silica layer was deposited on the denture surface.

Resilient liners (Bascom, 1966) are still to be considered in the category
of temporary denture liners. Plasticized acrylic liners (Sauer, 1966) bleach
out and gradually lose their resiliency. Silicone rubber materials remain
soft, but become bleached, stained and wrinkled, and some evidence of
dimensional change was reported (Woelfel and Paffenburger, 1968). Candida albi-
cans were observed on many silicone rubber liners after eighteen months
of service. In vitro studies by Gruber, Lucatorto, and Molnar (1966) indicate
that the silicone rubber materials support the growth of this organism.
Williamson (1968) reported that the material itself does not support the
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grawth of this organism. Further studies are indicated ta investigate the
effect of incorporation of a nontoxic fungicide and the divergences of
the results.

In a study by Turrell (1966), it was found that there was no difference
in tissue response to autopolymerized and heat-cured denture resins. The
changes in tissues beneath resins were similar to those observed under
Vitallium.

Combe (1959 reported on the development of a radiopaque acrylic resin
by the incorporation of about 8 percent barium sulphate. An increase
over 8 percent will cause deterioration of the mechanical properties of
the polymer. Addiives investigated include lead acetate, powdered gold,
magnesium oxide, barium fluoride, and barium acrylate,

LePera (1964) suggested two procedures for avoiding some of the changes
that occur in the processing of acrylic resin dentures. Freezing the mold
before packing will minimize processing changes, and the use of a central
exhaust for the escape of excess resin will avoid increasing the vertical
dimension of dentures during processing. LePera described a special flask
for use with the cemral exhaust method. He also outlined the technique
for its use. A considerable number of studies have been made of the
dimensional changes oceurring during processing and storage of dentures
(Mowery, et al., 1958; Woelfel, Paffenbarger end Sweeney, 1962; Leaders and Pearson, 1952;
Smith, 1962; Woelfel, Paffenbarger and Sweeney, 1960; Woelfel and Paffenbarger, 1959; Anthony
and Peyton, 1962; Paffenbarger, Woelfel and Sweeney, 1962; 1963a; 19656; A.D.A. Council
on Dental Materials and Devices, 1968-1969; Paffenbarger, Woelfel and Sweeney, 1965; Rubp,
Bowen and Paffenbarger, 1970; Hamrick, 1962; fennings, {970; Weelfel, 1971}, The main
variation in the values obtained is the amount of linear expansion that
results after the dentures are stored in water. This probably arises from
variations in the amount of stress developed in processing, which produces
different amounts of curing shrinkage, warpage, and expansion in water
for dentures of various thicknesses and shapes. The most uniform results
have been obtained across the posterior region of dentures. In general,
heat-cured dentures immersed in water show a linear expansion in the
region of 0.1 10 0.2 percent, which partially, but not completely, compen-
sates for the processing shrinkage of 0.3 to 0.5 percent. The net linear
change in this type of denture can vary from a shrinkage of 0.1 to 0.4
percent (Munns, 1962; Laney, 1970). There is always a concern regarding what
a net shrinkage of 0.1 to 0.4 percent represents clinically. A number
of other steps in the construction of a complete denture involve dimension-
al maccuracies, such as making the impression, pouring the cast, and
preparing and investing the waxed denture base. When only the fit of
the denture on the cast is considered, however, a net linear shrinkage
results in the denture fitting only on the sides of the flanges. The oral
tissues would conform to the topography of the deniures, since problems
of settling are also encountered.
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It was found that the greatest linear changes took place when the cured
denture was removed from the gypsum cast. Upper dentures changed
less thant lowers, thick upper and lower dentures changed less than thin
ones. Conventional acrylic resins processed with conventional techniques
of compression molding were just as stable in dimension as the special
resins (vinyl, polystyrene and epoxy resins) and techniques investigated,
and reproduced the wax model denture just as accurately. Probably mare
than ninety-five percent of complete dentures are made today using one
of the acrylic resins. However, a number of other materials are occasionally
used in complete denture prosthodontics such as metals, plastics other
than acrylic resin, porcelain, and resilient liners combined with hard plastic
denture bases.

Metal denture bases are thought to have several advantages over acrylic
resin bases. Thermal conductivity, lack of bulk with more strength, and
dimensional stability are advantages of metal bases, whereas high cost,
specific gravity, and the inability to be rebased are the chief disadvantages.
Chrome-cobalt, gold, and aluminum bases are used in upper dentures
more than in lower dentures (Woelfel, 1971).

Several plastics have been tried as denture base materials. Nylon, has
proved to be almost entirely unsatisfactory owing to its poor ability to
resist the oral conditions, It swelled from absorption of water and discol-
ored after six months. Epoxy resin was found unsatisfactory owing to
a high rate of water absorption. Polycarbonates require elaborate process-
ing equipment and high molding temperatures to produce dentures with
few, if any, advantages over acrylic resins. When polycarbonates were
compared with acrylic resin dentures, the polycarbonates showed greater
distortion from water absorption, higher flexibility, lower hardness, and
lower adhesion to acrylic resin teeth. Vinyl acrylic copolymer (Luxene
44) and polystyrene resin (Jectron) have greater strength than the acrylic
resins, but neither the vinyl nor the polystyrene resins will reproduce
the impression surface as accurately as acrylic resin (Weeijel, 1971).

Since the introduction of acrylic resins, several significant improvements
have been developed which make them even more versatile. Most acrylic
resins today contain a cross-linking agent, such as glycol dimethacrylate
in the monomer, and this gives resistance to crazing which was a problem
with the early acrylics. It is also noted thar autopolymerized acrylic resins
have better dimensional zccuracy, and repairs were greatly simplified.
The so-called “fluid resins” have gained a small degree of popularity
?n the past few years. Basically, they are a modifred type of autapolymeriz-
ing acrylic resin. These resins harden in six to ten minutes, preferably
with the flasks placed in an air pressure chamber (20 to 30 psi} or in
a centrifuge which minimizes porosity (Woelfel, 1971).

Finally, the denture of the tuture may be made of an extremely thin
composite plastic or metal, or yet undiscovered form of plastic. The future
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denture might be cemented or glued into place, eliminating the necessity
of palatal coverage. It might even have mechanized grinders to assist
in pulverizing tough foods, or have an automatic fluid exchange within
the tissue-bearing surface to provide continuous uniformity of contact
or distribution of the forces on the mucosa (Woelfel, 1971).

TOOTH MATERIALS

Porcelain teeth, acrylic resin teeth, and acrylic resin teeth with metallic
inserts are the types of posterior teeth most commeonly used in prosthetic
dentistry. Porcelain teeth are used mostly in complete dentures. Porcelain
and acrylic resin teeth are used with equal frequency in removable partial
dentures (Sowter, 1962). The advantages and disadvantages of opposing por-
celain teeth and acrylic resin teeth have been summarized by Davies and
Pound (i966). To offset these long-recognized problems, Sears (1956, 1957),
Myerson (1957), and Jankelson (1962) advocated the use of acrylic resin
teeth in one dental arch opposed by glazed porcelain teeth in the other
dental arch. Hardy ¢1951) and Yurkstas (1963) advocated the use of ribbon-
like metallic inserts made of chrome-cobalt alloys in nonanatomic acrylic
resin posterior teeth to improve chewing efficiency and comfort.

Leathers (1966) used metallic surfaces against nonanatomic porcelain
teeth in the opposing dental arch. Cutterbars with geometrically designed
occlusal surfaces were developed to improve masticatory efficiency. These
metal inserts are usually used in the mandibular dental arch and are
opposed by nonanatomic porcelain teeth. Their use is supposed to improve
comfort and efficiency (Bader, 1955, 1957; Potter, Appleby and Adams, 1966).

Selecting posterior teeth to oppose natural teeth, especially those with
extensive metallic restorations, poses several problems. Porcelain teeth
will provide efficiency but may also cause extensive wear on the opposing
masticatory units. Acrylic resin teeth eliminate the problem of wear on
the natural teeth, but clinically they seem to be less efficient. The use
of gold or chrome-cobalt ccclusal surfaces has been reported (Davis and
Pound, 1966; Shultz, 1951; Wallace, 1964). It has been written that this type of
anatomic occlusal surface provides the efficiency of porcelain teeth and
the comfort of the acrylic resin teeth. The placement of large silver amal-
gam restorations in acrylic resin posterior teeth seems to be a simple
method o produce a more natural feeling, and to improve efficiency.
Sowter and Bass (1968) recommend this technic when the acrylic resin
teeth must be used because of limited interarch distance or when the
denture opposes extensive metallic restorations.

Tillitson, Craig and Peyton (1971) reported friction coefficients for a
variety of material couples. The relative abrasive wear of materials fol-
lowed the order of their hardness, with the exception of amalgam, the
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deviance of which probably resulted from transfer of amalgam to the
abrasive wheels. Values reported for the coefficient of friction may be
a function of load, sliding velocity, transfer of one material to another,
wear particle accumulation, or the presence or absence of water on the
surface. Comparison of material couples on both wet and dry conditions
revealed that water sometimes functioned as a lubricant and other times
acted to increase the friction. One of the factors in lower loads which
caused less friction was the ductile behavior of materials under these
conditions. This report will have a wide impact on occlusion in complete
dentures and more attention should be paid to the setting of posterior
teeth in opposite dental arches made of different materials. The inclusion
of metal inserts, such as gold or chrome-cobalt alloys against natural
and/or artificial acrylic resin or porcelain posterior teeth, would tend
to increase friction, since the relative abrasive wear of materials generally
followed the order of the hardness of the materials. This was the first
experimental study which tested friction and wear under many variables,
and included the use of simulated mouth conditions. Studies reported
in the dental literature have been limited to wear measurement with simu-
lated tooth brushing methods, or on prosthetic teeth mounted on an
articulator (McConnell and Conrey, 1967; Cornell, et al., 1957).

Moses (1968 reported that chewing efficiency of complete dentures is
dependent upon the surfaces of teeth and their arrangement, and upon
the structures of the basal seat under the denture base. Cusps on complete
denture teeth tend to cause the bases to shift, and they are not necessarily
more efficient than chrome-cobalt cutters or gold cutters,

Acrylic resin teeth have satisfactory mechanical properties, such as; com-
pressive strength (11,000 psi), elastic modutus (3.9 x 10 [bs. /in.?), elastic
limit (8000 lb. /in. ) and hardness (18-20 KHN) (Sowter and Bass, 1968). These
mechanical properties are low when compared to other restorative ma-
terials, or to human enamel and dentin.

The physical properties of porcelain teeth may be shown by comparing
them with the properties of acrylic resin teeth. These properties, however,
are often so radically different that they cannot be measured with the
same equipment or be compared qualitatively. The flexural strength of
dental plastics is unquestionably superior to that of the dental porcelains,
The high impact strength of plastic gives it a definite advantage. Vacuum
firing has improved the fracture resistance of dental porcelain by about
50 percent, but this does not preclude the possibility of fracture due
to sudden shock. Tones (1971) obtained strength measurements for a large
number of dental porcelain specimens. The persistent and characteristic
scatter in strength values obtained for different types of materials indicate
the wide variance in composition and strength,

In conclusion, neither acrylic resin nor porcelain is an ideal material
for the fabrication of artificial teeth, Probably some material with interme-



204 Review of Literature

diate properties would be more desirable. Such a material should have
higher hardness and abrasion resistance than acrylic resin, and greater
impact strength or toughness than porcelain.

The Effect of Materials, Design and Changes in
Dentures on Bone and Supporting Tissues

ROBERT G. CRAIG

DENTURE BASES

PROCESSING CHANGES. The selection of material for this section
is based on the assumption that dimensional errors in the tissue-bearing
surface of the denture are undesirable because of tissue changes, in spite
of the many studies that have established that patients can tolerate linear
dimensional errors considerably in excess of 0.5 percent. Also, because
the errors related to the use of various impression materials have been
previously discussed, this section will be concerned with dimensional
changes after the preparation of the master model.

The properties of denture base resins have been described as early
as 1939 by Sweeney. Subsequent articles described the properties of room-
temperature activated acrylic resins (Caul, Sianford and Serio, 1952; Peston, Shiere
and Delgade, 1953). A few years later the properties of self-curing repair
materials were described by Stanford, Burns and Paffenbarger (1955). More
recently, Woelfel, Paffenbarger and Sweeney (1963) described the proper-
ties of twelve types of denture base resins. In general, the denture base
resins can be described as relatively soft (Knoop Hardness about 20),
rather flexible {elastic modulus 300,000-500,000 lbs./in.?), moderately
strong (15,000-20,000 lbs./in.? compressive and 7,000-10,000 Ibs./in.?
tensile strength), of relatively low impact strength (0.2-0.8 ft.lbs./in, of
notch-Izod), low water sorption {2-4 percent), good color stability, and
high thermal expansion (70-100 x 107%/° C in the range of mouth tem-
peratures). The glass transition termperature of the materials varies from
105° C for acrylic polymers 1o 80° C for vinyl polymers (Braden and Stafford,
1968). The materials function as brittle plastics below the glass temperature
and the polymer molecules have greatly restricted motion below this tem-
perature. The water that is sorbed by the polymer serves as a plasticizer
and causes a small reduction in the mechanical properties. The water
also swells the polymer slightly which results in a dimensional expansion.
Residual monomer remaining in the polymer after processing also func-
tions as a plasticizer and reduces the mechanical properties,
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Aluminumdenture bases (Lundquist, 1963; Barsoum, Eder and Asgar, 1968), electro-
formed metal palates (Rogers, 1970}, Cr-Co-Ni inserts (Berry and Fumh, 1971),
and aluminum-bronze (Geissler, 1969 denture base materials also have been
investigated. )

The change in volume of many monomers of the acrylic type to polymers
is about —20 percent, and based on a monomer concentration of about
25 percent, a volumetric change of about —5 percent of a l%near change
of —1.7 percent would be expected. Zere to —0.6 percent linear change
is observed in practice. The differences observed are relate_d to: a. the
shape of the specimens, b. the difference in thermal expansion .bctween
the polymer and the investment, c. the temperature of processing, and
d. the glass transition temperature of the polymer. Proce.sscd. denn_lres
have been shown by a number of investigators to vary in dimensions
from the initial master model (Mahier, 1951; Mowrey, et al., 1958; Ryge and Fairkurst,
1959; Anthony and Peyton, 1959; Woelfel, Paffenbarger and Sweeney, 1960; Anthony and Peyton,
1962; Peyton and Anthony, 1963; Paffenbarger, Woelfel a-nd Sweeney, 1965; Woeifel‘ and Paffen-
barger, 1965; Pickett and Appleby, 1970). These studies have shown that m.creas‘f:d
vertical dimensions resulted from increased pressure on the acrylic resin,
and decrease in hardness of the material used in the thirc.l pour of the
investing procedure, Dimensional changes during processing also have
been determined by measuring the distance between mfetal pins or m[:ll'ks
on the denture and by measuring the contour of various cross-sections
of the tissue-bearing surface of the denture. In general, the flanges of
the dentures move in after the denture is removed from the stone model
and therefore the denture cannot be completely reseated on the model.
It has been found that the poorest fit is at the periphery,_fol]owed .by
the crest of the ridge and the center of the palate. Aptenor-posterlor
sections showed that the dentures fit better in the anterior portior. The
linear dimensional change, as measured from transverse sections in the
second molar region, was about —0.6 percent for heat-ctllred acrylic den-
tures, —0.3 percent for room temperature cufed .acryllc dfentures, and
—0.6 to —0.8 percent for injection molded acrylic, vinyl acrylic, or styrene
denture base materials.

That processed denture bases contain residual stress was demonstrated
by a number of studies (Horton, 1949; Woelfel, Pafferbarger and. s:wemy, 1963, 1962).
Heating the denture base materials above the transition temperature
caused a release of stress and resulted in a change in dl.mensmns, as
evidenced by a further linear shrinkage in the transverse sections. Bec_ause
this dimensional change will occur at temperatures of 60-90° C, patients
should be advised to avoid cleaning dentures with very hot water.

Processed dentures change dimensions by simply stor?ng them in water
(Woelfel, Paffenbarger and Sweeney, 1962; Anthony and Peyton, 1962) since the polymers
will absorb water, resulting in a slight amount of swelling. The absorbed
water may evaporate if the dentures are allowed to dry out and the
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dimensional changes associated with absorption and dehydration are ap-
proximately equal. The absorption of water results in an outward move-
ment of the flange of the denture, and as a result, the denture fits better.
Acrylic dentures processed by heat and allowed to absorb an equilibrium
amount of water are about —0.3 percent undersized compared to —0.6
percent just after processing. Vinyl acrylic and polystyrene denture base
materials do not absorb water to as great an extent as acrylics, and thus
remain about —0.5 percent undersized after soaking in water. As antici-
pated, in general, thick denture bases showed less dimensional change
than thin bases and mandibular dentures showed greater dimensional
change than maxillary dentures. Also, the injection methods, regardless
of the polymer used, resulted in larger dimensional changes in processing
than the comparable material processed by dough molding.

The accuracy of cast aluminum bases was measured with a surface
meter and the results compared with heat- and TOOM-temperature curing
acrylic bases (Barsoum, Eder and Asgar, 1968). The study reported that the alumi-
num bases were the most accurate, followed by room-temperature and
heat-curing acrylic denture bases, although it is not clear whether the
acrylic dentures were at equilibrium with water or whether the measure-
ments were made at 37° C. Claims have been made (Rogers, 1970) that electro-
formed metal palates were more accurate than cast or swaged palates
although no numerical evidence was presented to confirm this statement.

Until recently some form of gypsum had been used as the investing
media in the processing of dental resins. The polymerization reaction
for acrylics, however, will take place in the presence of agar or alginate
hydrocolloid. A number of articles have been written about the procedure
using an agar hydrocolloid gel mold (Fairchild, 1967; Winkier, 1 967; Shepard, 1967;
Goodkind and Shulte, 1970; Winkler, et al., 197)a; Krawi, 197]; Grant and Athkinson, 197]1;
Winkler, et al., 19715); the methed has become known as the “fluid resin,
or pour technique.” The general concensus of these studies is that dentures
processed by the fluid resin method are less accurate than those processed
by heat or room-temperature methods. Kraut (1971) found the pour resins
to produce dentures less accurate in the posterior region, the center of
the palate, and on the palatal slope of the maxillary ridge. Winkler, et
al. (1971a) found linear dimensional changes for pour resins in the molar-to-
molar direction to be —0.3 to —0.7 percent after processing and ~0.4
to ~0.9 percent after storage in water for twenty-four hours at room
temperature. The loss in vertical height was 0.11-0.26, 0.20-0.26 and
0.26-0.41 mm. for anterior teeth, premolar cusps, and molar cusps. Al-
though the loss in vertical height was small, if the loss in upper and
lower dentures are considered along with the selective grinding to balance
the occlusion, the reduction will shift the occlusion toward the anterior
unless it is compensated for by additional anterior clearance. In a later
article, Winkler, et al. compared the use of agar and alginate investing
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media; the average molar-to-molar shrinkage was approximately the same
regardless of whether agar or alginate was used (O.QQ to .25 percent
after processing, 0.55 to 0.57 percent after one day in water, 0.55 to
(.56 percent after one week in water, and 0.44 percent aftf:r thirty days
in water). Vertical changes were small in the anterior region, —0.05 to
—=0.1 mm., and large in the molar region, —0.19 mm. with agar a.nd
—0.39 mm. with alginate. The authors wrote that the shltink?age shifts
the pressures of occlusal contacts to the anterior teeth, resulting in trauma
to the anterior residual ridge and loss of bone. When the fluid resin
method is used, more anterior clearance should be provided. Alg_inate
was found to be inferior to agar as an investing media because of difficulty
in removing wax models, scuffing of the surface of the alginate, roughe_r
surfaces, more voids, and adherence of characterization fibers to the algi-
nate. Grant and Atkinson (1971) measured changed in height of the teeth
when dentures were processed by the pour or fluid resin technique. More
tooth movement resulted when the pour technique was used as oppospd
to conventional methods. They found two situations; one where an in-
crease in the tooth height occurred in the molar regions only, and the
second where the tooth height was lower in the anterior, and gradually
increased toward the posterior. The former conditions resulted from a
movement of the molars only, while the latter occurred because of the
tilting of the cast,

Some of the problems of the pour technique are, or have bc:en, solved
by incorporating glycols in the agar which aid in the.ret.enn_on of the
posterior teeth. Modifications in the particlelsize gnd chsmb}mon of the
polymer powder have resulted in powder-lquid ratios of 3;.1 with ade.quate
fluidity for pouring the mix. Where retention of posterior teeth in the
agar mold is a severe problem it may be necessary to lute the teeth to
adjacent teeth with acrylic before processing the denture base.

Room-temperature-vulcanizing silicone rubber also has beep used as
an investing material (Harcourt, Lautenschlager and Molnar, 1969): It is used. as
a liner over a gypsum material. A layer of silicone rubber is used against
the denture which is supported by plaster or stone. One study (Tucher
and Freeman, 1971) showed no statistical difference in dentures proFes§ed
in silicone mold liners and gypsum based on the positior_l of the incisal
guide pin. Another study (Reishick, 1971) showed d15crepa1:1c1es of 0.21 and
0.27 mm. and .17 and 0.19 mm. for two midline sections of an upper
denture when silicone and stone were used; discrepancies of 0.11 and
0.18 mm. were measured for two ridge sections when silicone a!nd stone
were used. The author found significant differences for the ndges_ b}lt
not for the midline sections. The dimensional changeslof an acrylolmt.nle
and a polyamide denture base material that are fabrlca.xte_d by injection
molding were reported by Choudhary (1969). The aC]‘ylonl[l‘l]-C had a linear
processing shrinkage of 0.13 percent, whereas the polyamide showed a
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shrinkage of 0.53% percent. On storage in water, the mean dimensional
change was —0.27 percent for the acrylonitrile copolymer and —0.34
percent for the polyamide.

CLINICAL CHANGES. Woelfe] and Paffenbarger (1959 followed the
dimensional changes in a set of clinical upper and lower crosslinked acrylic
dentures under a variety of conditions. The molar-to-molar and flange-to-
flange processing shrinkage was about —0.4 mm. and this decreased (o
—0.3 mm. after three months of service and no further changes were
noted up to nine months. No dimensional change was observed as a
result of heating the dentures for thirty minutes at 180-190° F. However,
beiling in water for fifteen minutes resulted in molar-to-molar shrinkages
of 0.5]1 mm. and flange-to-flange shrinkages of 0.33 mm. Reboiling for
thirty minutes resulted in no further change. The warped denture was
serviceable and comfortable to the patient but heavy contact on the buccal
surfaces of the tuberosities was observed by pressure-indicator paste; the
next day considerable reduction in contact in these areas was noticed.
Reflasking and reprocessing resulted in further shrinkages of 0.4 and
0.6 mm. in the molar-molar and flange-flange measurements; this warpage
caused the patient some slight pain on insertion but none after insertion.
Larger areas of impingement of the lateral sides of the tuberosities result-
ed. The denture was uncomfortable for several hours, but after wearing,
the areas were relieved. Later insertion of this warped denture after wear-
ing a new denture resulted in poor retention,

Woelfel and Patfenbarger (1965) later reported a clinical evaluation of
sixty-three complete dentures made from eleven different plastic denture
base materials. The dentures were worn from three to six years and
they showed 2 gradual deterioration in: a. centric and eccentric occlusion,
b. retention, ¢. stability, and d. condition of the oral tissues. The dimension-
al changes in the dentures could not be correlated with the above deterio-
ration, but the deterioration was a result of changes in the hard and
soft tissue. The lower dentures appeared to be as stable as the uppers
and the tissue under each was in about the same condition. The average
number of post-insertion adjustments was 2.5 and it was not related to
the denture base material. Evidence indicated relining or rebasing should
be done within three to five years with an annual evaluation. A more
recent study by Woelfel and Patfenbarger (1970) reporied the clinical results
ofa Vuicanite and an epoxy denture. Again, deterioration in serviceability
was the result of tissue changes rather than major changes in dimensions
of the dentures. The epoxy denture gradually expanded and some war-
page occurred in the Vulcanite denture; the magnitude of these changes
was about twice that usually experienced during normal processing, but
the changes could not be correlated to clinical Symptoms.

The dimensional stability of porcelain dentures was reported (Choudhary,
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et al., 1964). No fluid absorption was observed up to ten months, and patients
expressed satisfaction with respect to comfort, function, and esthetics.
Tissue tolerance was excellent. The main problems were breakage when
handled carelessly outside the mouth, and finishing and polishing of the
porcelain bases.

The removal of calculus and stain from plastic dentures has been studied
by several investigators (Anthony and Gibbons, 1958; Nicholson, Stark and Scott, 1968).
A number of cleaning agents were tried and a solution of sodium hypo-
chlorite and phosphate was found the most effective. Cleaning would
be accomplished by soaking, followed by very light brushing. Ultrasonic
cleaners in combination with the above solution were evaluated and this
method only slightly increased the loosening of deposits.

REPAIR AND RELINING CHANGES. The changes in contour of
the tissue-bearing surface of dentures during repair were reported by
Anthony ¢1961). Heat-cured dentures exhibited considerable dimensional
change when repaired by a heat-curing process, but relatively little change
when repaired by a self-curing resin. The self-cured dentures showed
practically no dimensional change regardless of whether they were
repaired by either heat- or self-curing resins, Discrepancies as large as
0.0] to 0.02 inches were observed in the midline and periphery of a
transverse molar-to-molar section when a heat-cured denture was repaired
by a heat-curing resin, and as little as 0.003 and 0.001 inches were observed
when a self-curing material was used. Total changes in nine selected areas
in self-cured dentures repaired by heat- and self-curing resins were 0.009
and 0.006 inches, respectively.

Relining materials can be subdivided into two types; indirect and direct.
The processing changes of indirect materials are essentially the same as
those previously discussed for denture base materials. The physical and
mechanical properties of direct, hard, self-curing denture reliners were
reported by Brauer, et al. (1959). These materials, when processed under
clinical conditions, were porous and the mechanical properties lower than
for regular self-curing denture base materials. The reproduction of the
surface detail was adequate and no significant warpage or dimensional
change was observed. However, these liners were recommended as tempo-
rary materials.

Smith, Lord, and Bolender (1967 found that processing in water at
100° F with air pressure over 10 lbs./in.? produced acrylic denture liners
with optimum properties. They also showed that the space between the
relined sample and the die was less than the space found under self-cured
relined samples processed at 130° F, and heat-cured relines.

Relining techniques have been described that attempt to produce den-
tures with minimum occlusal error (Shaffer and Filler, 1971; Christenser, 1971).
Christensen (1971) evaluated a variety of relining procedures using the
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change in vertical dimension as a measure of accuracy. It was found
that the wing technique (where resin wings are added to the denture
and fit into corresponding grooves in the landing of the cast for purposes
of accurate repositioning after removal of the impression material} was
the most accurate and resulted in vertical changes between —0.06 and
+0.08 mm. in 68 percent of the cases and between -0.13 and +0.15
mm. in 95 percent of the cases.

Home reliner materials sold over the counter have been condemned
(Woelfel and Kreider, 1968; Means, 1964; Winter, 1966); bone losses as great as 3—4
mm. have been reported in the anterior region and between 1 and 2
mm. in the posterior region. The continued application of home liners
make the dentures too tight and malocclusion occurs accompanied by
the loss of bone support.

EFFECT ON THE SUPPORTING TISSUES. This portion of the discus-
sion will be divided into effects of dentures on the soft tissues and the
effects on supporting bone. Although numerocus articles have been written
on the allergic response of the mucosa to denture base materials, the
results of the study by Fisher (1956) are still valid. Although the oral
mucosa may show an allergic response to the acrylic monomer, in only
rare instances has it been established that the polymer produces an allergic
response. The vast majority of cases showing irritation have been shown
to result from ill-fitting dentures or from pressure sensitization. Love,
Goska, and Mixson (1967) found that the fit of the denture had more
influence on the condition of the supporting mucoesa than any other factor.
Their recommendation for the prevention of inflammation was to check
dentures after six months of service. Other recommendations included
removal of the denture at night, cleaning the dentures, and stimulating
the supporting tissues by using a stiff brush. They consistently observed
more problems with maxillary than with mandibular dentures. Lambson
and Anderson (1967) recommend removing the maxillary denture several
hours each day to avoid palatal papillary hyperplasia. A recent study
(Davilewiez, 1971) showed that denture sore mouth caused by allergies was
rare; when it was observed it occurred in patients with many sensitivities.
It was suggested that resin components may be allergic, or they may
elicit a response in combination with the oral flora, or they may form
undetermined compounds during pelymerization. Ill-fitting dentures have
been blamed for malignant changes in soft tissues, but documented cases
are extremely rare (Mackenzie, 1970). A recent study by Heyden, et al. (1971
of the absorption of chlorohexidene by dentures, particularly self-curing
dentures, resulted in the suggestion that the presence of absorbed chloro-
hexidene on the tissue-bearing surface of a denture may be a means
of improving the conditions of the oral mucosa.

The effect of complete dentures on the mucosa in the region of the
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posterior palatal seal was studied by Ostlund (1958). He measured the
palative mucosa to be about 3 mm. thick. A slight thickening (2.77 mm.
at 0 years to 3.25 mm. after 10-15 years) of the tissues after wearing
dentures was observed but the difference was not statistically significant.
The epithelium was vsually ¢.18 mm. thick which increased to 0.28 mm.
if inflammation existed. He observed that within six months the epithelium
in patients wearing complete dentures changed histologically, although
the tissues had a normal clinical appearance. Kapur and Shklar (1963)
studied the soft tissues at the crest of the ridge and found that patients
developed well-formed stratum corneum with increased zones when com-
pared to controls. In situations with well-adapted dentures, the stimulation
caused more increased keratinization than tooth brushing. They also
found a lack of inflammation in subjacent connective tissue indicating
no irritation of the dentures. If keritinization is a mechanism to prevent
trauma, then a well-adapted denture serves this purpose and stimulates
the underlying mucosa. Von Scotter and Boucher (1965) measured the
thickness of the stratum corneum and found the following values for
natural, edentulous, acrylic denture, and Vulcanite; 14.3, 20.2, 17.8, and
5.8 p. The natural teeth provide partial protection from mechanical stimu-
lation and the acrylic dentures acted as stimulators. They found no correla-
tion between thickness of the stratum corneum and the length of time
the denture was worn, or the age of the patient. Parakeratosis was found
to predominate in the stratum corneum under a Vulcanite denture.

The number of articles that discuss the loss of bone support in complete
denture patients is extensive and this review will review only a selected
few to illustrate the effect of denture base materials in this area. A recent
literature review of alveolar bone loss under complete dentures was
prepared by Kelsey (1971). Tallgren (1966) reported a longitudinal roentgen-
ographic-cephalometric study of subjects during long-term denture wear.
She observed a marked reduction of morphological face height as a result
of resorptive changes of the osseous alveolar process and a decrease of
the rest face height. In another seven-year longitudinal study (Tellgren,
1967) she found, in complete denture wearers, a reduction in height of
the mandibular process in the anterior region of 6.6 mm. or four times
that of the maxillary process. A few years earlier, Wictorin (1964) studied
the effect of the use of immediate dentures on the resorption of bone
under maxillary dentures using a roentgenographic-photogrammetric
method. He established that patients receiving the “conventional” denture
treatment had significantly larger amounts of bone resorption than those
receiving immediate denture treatment. It was proposed that the immedi-
ate denture provided protection against thermal and mechanical injuries
during the healing process. It was also proposed that trauma, as a result
of instability (due to incorrect occlusion and articulation), may cause bone
loss. Carlsson, Bergman, and Hedegird (1967) and Carlsson and Persson
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(1967} measured changes in contour of the maxillary alveolar process under
unmf:diate dentures and morphotogic changes of the mandible after ex-
traction and wearing dentures. The greatest percentage change in bone
support occurred in the first six months; continued changes took place
for at least five years. Their studies suggest that later changes may be
a result of loading conditions on the supporting structures.

TISSUE CONDITIONERS AND SOFT LINERS

The use of soft liners on the tissue bearing surface of dentures has
been of considerable controversy since their principal introduction around
1950. Since that time a number of reports have appeared which describe
their properties (Beall gnd Caul, 1946; Lammie and Storer, 1958, Travaglini, Gibbons
and Craig, 1960; Craig and Gibbons, 1961; FEick, Craig and Peyton, 1962; A.D.A. Council
on Dental Research, 1963; Wilson and Tomlin, 1969). The materials used for soft
liners include velum rubber, vinyl and vinyl-acrylic polymers, acrylic po-
lymers, and silicone elastomers. The vinyl and acrylic materials are made
seft and flexible by the addition of oily or alcohol type plasticizers, or
by copolymerizing with monomer units with sufficiently long side chains,
such as butyl or actyl methacrylate. As expected, the former materials
become harder as the plasticizers leach out in the oral fluids while the
latter remains soft during clinical use. Care must be taken during process-
ing so that good adhesion to the hard denture base results. Interest has
been high in the silicone elastomers, but bonding to acrylic polymers
(tensile bond strength ~ 150 psi), its low tear strength (~ 30 lbs. /in.),
a{nd abrasion resistance, as well as the growth of Candida albicans in the
liners have presented problems. Silicone liners have the best Tecovery
from deformation (4 percent permanent deformation after 20 percent
deformation for 24 hours). One statement which is not contested is that
none of the current materials can be classified as a “permanent” liner
even in the sense that a hard acrylic denture base is “permanent”.

'_I‘lssue conditioners have been described by Braden (19704, 19706} as
being composed of poly (ethyl methacrylate) and an aromatic ester- (often
butyl phthalyl butyi glycolate) ethyl alcohol mixture. The materials form
a gel and the ethyl alcohol has great affinity for the polymer. The optimum
properties were obtained when as little alcohol as possible was used and
a reasonable jelling rate was obtained to minimize distortion under dynam-
ic conditions. At 37.4° C the materials functioned as viscous liquids with
viscosities in the range of 10° to 107 poise. Fortunately, under the oscillat-
Ing conditions of mastication, the elastic qualities of the gels predominated.

Gibbons (1965) reported the presence of Candida albicans in two-thirds
of a group of fourteen patients wearing dentures with silicone linings.
Five of the six cases showed no change, or white spots on the surface
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were negative for the Candida albicans. The white spots appear as tena-
ciously attached nodules which alters the suface contour of the liner
and is usually associated with irritation of adjacent soft tissues. This obser-
vation has been confirmed by a number of authors (Gruber, Lucatorto and
Molnar, 1966; Bascom, 1966; Sauer, 1966; Woelfel and Paffenbarger, 1968). Gruber, Luca-
torto, and Molnar (1966) conducted an in vitro study and found that suffi-
cient amounts of zinc undecylenate eliminated the potential of the silicones
to support the growth of these yeasts; 0.5 percent of zinc undecylenate
was insufficient while 1.5 percent resulted in no growth.

Clinical studies of soft liners have been published (Bascom, 1966; Saues,
1966; Woelfel and Paffenbarger, 1968; Gonzales and Laney, 1966; Means, Rupp and Paffenbarger,
1971). The clinical results for silicone liners were generally good, but in
one study (Sauer, 1966) 50 percent of the cases were subject to the “white
spot problem” which resulted in changes of the surface texture of the
lining. Another stady (Woelfel ard Paffenbarger, 1968) showed that the molar-to-
molar and flange-to-flange distances were not seriously changed during
relining. The average dimensional change in the molar-to-molar region
of thirteen maxillary dentures was 0.16 percent during rebasing and 0.11
percent during eighteen months of service; similar results were obtained
for flange-to-flange changes. Changes in lower dentures were slightly
greater; 0.33 percent in the molar-to-molar region and 0.20 percent in
the flange-to-flange region. The liners were odorless, tasteless, pleasantly
colored, and generally weli tolerated by the tissues. Sore spots were found
in areas of flexibility of the denture as a result of removal of the hard
base to provide space for the liner. The aftertaste of tobacco and cleaning
agents sometimes persisted and 85 percent of the liners showed “white
spots” after eighteen months of service. Some bonding problems were
observed and finishing was difficult, making adjustments a problem. Eight
of thirteen patients, however, preferred the soft liner to the hard base.
An additional clinical study compared Silastic 616 (oral cure liner) with
Coe Super Soft (flexible acrylic liner) (Means, Rupp and Paffenbarger, 1971). Six
of the ten silicone liners showed no change in resilience and the other
four became spongy. Four silicone liners became dark, presumably because
of residual tin from the catalyst. Coe Super Soft liners did not deteriorate,
but in several cases, resilience was lost and calculus-like deposits were
difficult to remove from the surface. Cleaning the silicone liners with
hypochlorite solutions was satisfactory but the Coe Super Soft liners were
bleached by its use. The conclusion of all authors was that resilient liners
should be considered to be temporary measures to be used in selected
Cases.

The clinical studies showed that breakage of lined dentures was a prob-
lem because of the thin layer of hard acrylic denture base. Morrow, e
al. (1968) developed a method of strengthening the denture bases contain-
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ing liners by incorporating a chromium-cobalt alloy framework in the
hard acrylic.

A recent development in soft liners are the poly (ethyleneglycol methac-
rylates) (Kiiment, et oL, 1968). When mixtures of diacetins are added during
polymerization, the resulting gels have improved mechanical properties,
reduced dimensional changes caused by swelling, and increased bond
strength to poly (methyl methacrylates). This hydrophilic polymer has
the interesting quality of being hard after processing and thus can be
polished and finished by conventional means. However, it becomes flexible
on storage in water or saliva. Two laboratory (Clark, 1970; O'Brien, Hermann
and Shepherd, 1972) and two clinical studies (Bell, 1970; Skiover and Tendler, 1967)
have been reported using resilient liners of this type. The material is
available as a heat-curing gel, a self-curing powder-liquid type, and a heat-
curing powder-liquid type. Generally, the latter form has been preferred.
The heat-cured powder-liquid type has the following properties: the water
sorption is 49 percent, the presence of oils results in a loss of weight
of about 30 percent as a result of the loss of water, it has a tensile bond
strength to acrylic of 70 g./mm.? with cohesive failure in the liner, an
International Rubber Hardness of 32° (Knoop Hardness of about 2),
strain in compression of 10 percent at a stress of 1000 g./cm.?, and a
percent set of 0.1 percent after 12 percent deformation for 30 seconds.
The oxygenated denture cleaners were satisfactory but those containing
oils should be avoided because of changes in hardness and color. The
material does not encourage bacterial growth. One clinical study (Bel,
1970) involving seventy-three subjects showed that the retention was not
significantly superior with the soft liner. The clinical advantages were
that it remained resilient, bonded well to the hard acrylic base, and was
easily adjusted and polished. No odors were observed with the lined den-
tures and there was no clinical evidence of fungi. The soft liner, however,
was subject to staining and attack by some chemicals such as alcohol,
had a low tear strength, and demonstrated that it may become impregnat-
ed with salivary calculus. These disadvantages can be minimized by proper
use and care,

Two polymer-ceramic denture lining materials have been studied by
Wright, Craigon, and Anderson (1970). The soft polymer contained silane
treated ceramics (silica and sodium fluorosilicate). The liners were stiffer
in transverse deflection than Vivacryl but fractured earlier. One of the
two products was more wettable by saliva and water than poly (methyl
methacrylate) with contact angles of 51 and 67° compared with 97 and
78°. Both were rougher than acrylics after sandblasting and were less
abrasion resistant.

Crum, Loiselle, and Rooney (1971) conducted a clinical study using com-
pletely resilient mandibular dentures, except for around the base of the
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teeth. A conventional and a resilient denture were constructed for each
of thirty patients; twenty-six of the thirty patients preferred the resilient
denture because of better retention and comfort, and the remaining four
patients had no preference. The resilient dentures required 73 percent
less adjustments as a resnlt of inflammation. The resilient materials were
not practical as a permanent denture because of inadequate physical
properties.

DENTURE ADHESIVES

Denture adhesives may consist of gum karaya, gelatin, pectin, sodium
carboxymethyl cellulose, hydroxyethyl cellulose, and methyl celtulose (Stas-
ford, 1970), and the hydrolyzed neutralized calcium and sodium salt of
polyvinyl methyl ether—maleic anhydride copolymer (Swartz, Norman and Phil-
lips, 1967). Antibacterial-antiseptic agents and wetting agents also have been
added to denture adhesives. The retention of dentures using adhesives
has been reported (Kapus, 1967; Parker, 1968; Stafford, 1970). Kapur (1967) found
adhesives increased the retention scores from 1.7 to about 2.7 for upper
dentures on an arbitrary scale of 0-3 and from 0.7 to about 2 on lower
dentures. No differences were observed between different brands of adhe-
sives. However, the use of adhesives on twenty-four patients did not im-
prove the masticatory ability of the denture patient and no correlation
existed between denture retention and chewing performance. The lower
dentures showed significant losses in retention after using adhesives in
the chewing experiments. In addition, the adhesives did not significantly
effect the taste discrimination for sweet and sour submodalities. Stafford
and Russell (1971) found that patients could increase the force on old
dentures from about 7 to 13 kg./cm.? with the application of adhesives,
and from 12 to 18 kg./cm.® on new dentures. As observed by Kapur,
the time taken to chew foods did not vary significantly regardless of
whether adhesives were used or not.

Bartels (1945) reported that denture adhesives did not possess any inhibi-
tory qualities toward microorganisms. Stafford and Russell demonstrated
that denture adhesives (Co-re-go and Polygrip) supported the growth
of Streptococcus mitis and Candida albicans but not Neisseria pharyngis.
The growth of Candida albicans showed the presence of hyphae. The
adhesives did not show any inhibitory effect on the oral flora. The length
of time the adhesives remained between the denture and the tissue was
measured by Swartz, et al. (1967) the loss was nearly linear for the first
four hours, and at the end of six hours, the amount remaining for three
products was 34, 42, and 60 percent respectively; the first (wo were Karya
gum types and the third was the polyviny! ether—maleic anhydride copo-
lymer.
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SURFACE TREATMENT AND RETENTION OF DENTURES

The surface chemistry aspects of the retention of complete dentures
has been studied by a number of investigators (Craig, Berry and Peyton, 1960;
Tyson, 1967; Brill, 1967; O'Brien, Graig and Peyton, 1968; Blahova and Neuman, 1971: Barbenel,
1971). The factors considered in the retention of dentures are; a. the
capillary forces involving the liquid film between the oral tissues and
the denture, b. the surface forces controlling the wetting of the plastic
and the tissues by saliva, c. the seating force applied to the denture which
to a considerable extent determines the thickness of the saliva film, d.
the surface tension of the saliva, e. the viscosity of the saliva, f. the
roughness of the surface of the denture, and g. the atmospheric pressure.
The retention force, F, neglecting the viscosity term, can be expressed
as

_ Y Al(cos 8, + cos 8,)
dg

F

where vy is the surface tension, A the area of the denture, ¢, and 4,
the contact angle of saliva against tissue and plastic, d the film thickness
and g the gravitational constant. Thus increasing vy, A, cos 8, and cos
@, or decreasing d will result in an increase in F. The effect of roughness
is interesting since if 0, and 8, are less than 90°, increases in roughness
will increase the ease of spreading of saliva and thus increase F; if 6,
and @, are greater than 90°, increases in roughness will decrease the spread-
ing of saliva. Since the measured contact angles of saliva on acrylic are
less than 90°, roughness has the former effect. Increases in viscosity of
saliva will result inan increase in Fand if the viscosities of denture adhesives
are used, they are sufficiently viscoelastic that the rate of removal of
the denture must be considered. If denture adhesives are used, increasing
the rate of removal will increase the ohserved value of F. One area of
considerable confusion is the concept of reduced pressure in the saliva
film as a result of the curvature of the meniscus. However, in liquids
the presence of a reduced pressure in the film under static conditions
is not possible because of the possible movement of the liquid. A more
reasonable explanation is that the motion of the molecules to prevent
a pressure differential results in an increase in the surface tension of
the liguid in an isolated capillary space (O'Brien and Yu, 1972). Evidence that
the reduced pressure does not exist is that the force of separation of
a spherical surface and a flat surface with a liquid bridge does not change
as the atmospheric pressure is reduced from 742 to 100 mm. of Hg.
Even under dynamic conditions the establishment of significant pressure
differentials on each side of the meniscus is highly questionable,



218 Review of Literature

The retention of dentures, of course, involves more than just the capil-
lary effect. The muscles of the face can retain even a poorly fitting denture.
Changes in the contour of the tissues with respect to the denture base
can effect the film thickness and reduce the retention force, F. The
thickness of the saliva film at the periphery is of great importance since
it more nearly represents the d in the equation and thus, if the soft
tissue continues to maintain contact with the periphery of the denture,
d will be kept small, and retention will be maintained.

A considerable number of clinical studies (Hermann and O'Brien, 1969; Skinner,
Campbeil and Chung, 1953; Tallgren, 1959; Boucher, et al., 1968; Battersby, Gehl and O’Brien,
1968; De Furio and Gehl, 1970; Blahova and Neumann, 1971; Gesser and Castaldi, 1971)
aof the retention of dentures have been reported and a number of them
have attempted to study the effects of the factors in the previous capillary
equation, The retention of dentures is increased by the post-dam and
peripheral seal, and decreased with a roofless denture (Skinner, Compbell
and Chung, 1953). These results would be expected because the post-dam
and peripheral seal keep d small, whereas the climination of the palate
would increase d and decrease retention since one of the areas of poor
fit has been in the palate. A longitudinal clinical study (Taligren, 1959} showed
that the retention with Vulcanite dentures after the first week was higher
than acrylic dentures which is in agreement with the study of Anthony
on the accuracy of Vulcanite dentures. However, over a period of eight
years, the acrylic dentures had adequate retention, Maximum retention
was observed during the first year, and after six years the mean retentive
force was 250 g. These data would be anticipated since tissue changes
would result in gradual decrease in fit; d should increase and F decrease.

Attempts to increase denture retention have included attempts to change
the wetting properties of the denture. Three techniques have been (1)
to produce a silica surface by the reaction of SiCl, to the surface layer
of water on the denture, (2) to form a ttanium dioxide surface using
Fenton’s reagent and an acid solution of TiCl, containing H,0,, and
(3) to oxidize the surface of the denture by an electrical discharge in
a vacuur. The S$iCl, treatment resulted in ten of fifteen standard dentures
and ten of fifteen physiologic dentures having an increase in retention
of greater than 20 percent. These values are slightly higher than expected
based on the capillary equation and the contact angles measured by
O'Brien and Ryge (1965;. Vacuum electrical discharge reduced the contact
angle of acrylic to about 15°, and the H,0, — Ti"® treatment resulted
in contact angles of 20 to 30° Clinical measurements reported 40 to
70 percent improvement after vacuum discharge treatment, 30 to 70 per-
cent for SiCl, treatment, and 20 to 24 percent decrease after H, O, —
Ti*? treatment. These data are from three clinical cases for each method.
The values appear to be unusual and should be verified.

The use of a hydrophilic soft liner {poly hydroxy ethy! methacrylate)
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was Investigated as a means of increasing denture retention (Baitershy, Gehi
arnd 'Brien, 1965) because the advancing and receding contact angles for
water on the hydrophilic polymer were (° compared with 75 and 54°
respectively for conventional poly (methyl methacrylate}. An in vitro test
indicated that the force required to separate a glass plate and the hydro-
philic polymer with a water film was 94 g./cm.? compared with 41 g./cm.?
when poly (methyl methacrylate) was used. A clinical study of ten patients
showed that eight of ten poorly fitting dentures lined with the hydrophilic
soft liner increased the retention to the physiologic limit of 5.44 kg.;
the remaining two dentures had a retention force of 3.68 and 4.37 kg.
Later construction of a new hard acrylic denture for each patient resulted
in maximum retention of 5.44 kg. Similar clinical results were obtained
by Blahova and Neumann (1971).

TOOTH MATERIALS

As indicated earlier (Myerson, 1957), designing dentures with a combination
of porcelain and plastic teeth has been shown to have several advantages:
a. occlusion is easy to establish by grinding mainly the plastic teeth, b.
clicking as observed with only porcelain teeth is eliminated, ¢. fracture
is minimized since the impact strength of the plastic teeth are higher
than for porcelain teeth, and d. the masticating efficiency is maintained
at a high level because the mechanical cutting edges of the porcelain
teethare not lost. Koran, Craig, and Tillitson ¢1972) measured the coefficient
of friction of pairs of plastic and porcelain tooth materials and found
that the value for poreelain on plastic, and plastic on porcelain in a wet
environment was 0.30 to 0.32. The friction coeflicient for plastic against
plastic was 0.37 and porcelain against porcelain was 0.51. These data
again indicate the advantages of using combinations of plastic and porce-
lain teeth. A clinical study by Franks (1962} of 140 patients over a period
of five years showed that posterior occlusal wear caused loss of occlusion
in centric, but the more satisfactory the dentures were from a clinical
standpoint, the more wear occurred on the occlusal surfaces. The study
suggested that wear resulted from food abrasion and not tooth contact.
Thomson (1965) measured the attrition of acrylic teeth in a laboratory
study. He showed a major decrease in the rate of wear as the contact
area increased, but found little difference between brands of acrylic resin
teeth. Tests run at 10-29 Ibs. for about 300 hours (5/8 in. stroke at
60 times/min.) were comparable to clinical wear of a patient with a non-
functional tooth-grinding habit. These loads are high compared to those
used in chewing food {0.6-4.0 Ibs.) and he suggested the type of wear
studied may be higher than the tissues can tolerate comfortably. In a
later study, Thomson (1971) showed large amounts of wear at 5 and 10
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Ibs. during the first day of testing, ~ 0.040 and 0.070 inches, respectively.
The wear rate then decreased, and at twelve days the wear was 0.075
and (.10 inches. When the load was increased to 20 lbs., the wear rate
increased sharply.

Several investigations have been reported on the bonding of porcelain
teeth to acrylic denture base materials (Peffentarger, Sweeney and Bowen, 1967;
Semmelmar and Kulp, 1968; Myerson, 1968). The use of a coupling agent, y-metha-
cryloxy propyltrimethoxysilane, to treat the surface of the porcelain result-
ed in a mean tensile bond strength for various teeth and denture base
materials of 1,670 Ibs./in.2 It is claimed that the bond prevents seepage
of fluids around the necks and ridge-lap portions of the teeth. The bond-
ing places strains in porcelain teeth and fracture may result; the stronger
the porcelain, the weaker the bond. If the surface of the tooth is ground,
then the surface must be silane-treated again before processing. Room-
temperature acrylics provide a better system with the silane treated teeth
than with heat-cured denture base material but thermal cycling between
160 and 42° F drastically reduces the bond strength. It was found that
the volume shrinkage on cocling was more important than polymerization
shrinkage.

The bonding of plastic teeth to heat-cured denture base resins was
reported in 1952 by Schoonover, el al.. More recently, Sgrensen and Field-
stad (1961) and Rupp, Bowen, and Paffenbarger (1971) reported on the
bonding of plastic teeth to acrylic denture base materials. The measure-
ments of tensile bond strengths showed that higher bond strengths were
obtained with heat-curing than with self-curing resins (Sgrensen and Fjeldstad,
1961}. The bond strengths of the former were usually equal to the tensile
strength of the heat-cured denture base resins (370-570 kg./cm.?), while
for the latter, the bond strengths usually were 100-150 kg./cm.? less
than the tensile strength of the self-curing resins (440460 kg./cm.?).
Surface treatment of the teeth is critical and all wax must be removed
and the tooth exposed to ethyl acetate or methyl methacrylate. The length
of time the teeth should be exposed to the swelling effect of these two
liquids depends on the degree of cross-linking of the ridge-lap surface
of the tooth; the more highly cross-linked this area of the tooth, the
longer the soaking and the weaker to tensile bond strength.

The bonding of self-curing acrylic denture base resins to plastic teeth
has been improved by treating the teeth with a 50-50 mixture of dichloro-
methane and methyl methacrylate cold-curing liquid (Rupp, Bowen and Paffen-
barger, 1971). Using a four minute exposure of the plastic teeth to the liquid
mixture, an average tensile bond strength of 431 kg./cm.? was obtained
which was more than 80 percent of the tensile strength of the denture
base resin. To avoid porosity, excess solvent-monomer must be sponged
off before processing the acrylic base. Bond strengths were observed to
increase up to seven minutes exposure but decreased as the time was
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increased further. The surfaces of the teeth must be wet during packing
of the denture base resin but no excess should remain around the necks
of the teeth. The results showed that the solution did not cause crazing
or softening of the exposed surface of the plastic teeth.

This literature review will not include an indepth review of the effects
of occlusal geometry {or the influence of the type of artificial tooth) on
the supporting structures, but several articles deserve some mention. Mirza
and Yurkstas (1964) discussed the influence of tooth materials on alveolar
bone resorption. They claim that, from the results of a laboratory study,
more force is transmitted to the denture base through a porcelain tooth
than threugh a plastic tooth. Earlier Sharry, Askew, and Hoyer (1950
used a strain-sensitive lacquer to measure the deformation patterns of
bones from dentures made for eighteen edentulous skulls. The results
indicated that under identical loads, more deformation occurred in bone
beneath dentures using anatomic forms than those using nenanatomic
tooth forms. Deformation was observed in remote areas, heavy bone resist-
ed deformation, and deformation was high at the foramina. The effect
of occlusal geometry on chewing efficiency also has been studied (Yurkstas,
1963; Sauser and Yurkstas, 1957). Chewing performance of five subjects was based
on rankings of chewing tests on peanuts, carrots, and ham using eleven
combinations of occlusal geometry. The carvings were scored ! mm. in
depth and width leaving sharp angular edges. They found that better
performance was obtained when both the upper and lower occlusal sur-
faces were provided with cutting edges. The highest performance occurred
when the cutting edges were in a mesiodistal direction on the upper
occlusal surface. Even earlier, Trapozzano and Lazzari (1952 studied occlu-
sal patterns with respect to efficiency and the effect on soft tissue ulcer-
ation. The denture base was kept the same and three types of teeth
were mounted interchangeably on the base. Using two patients, they found
that 20° teeth were more efficient than De Van teeth, which in turn
were more efficient than Hall teeth. The greatest ulceration was produced
by the Hall posterior teeth, less by De Van teeth, and the least by 20°
teeth. They proposed that the ulceration may have been a function of
the denture base deformation.

DESIGN AND EXPERIMENTAL STRESS ANALYSIS OF
DENTURES

FORCES ON DENTURES. Although researchers attempted to measure
chewing forces as early as 1895 the significant articles in this area began
to appear around 1950 (Howell and Brudevold, 1950; Brudevold, 1951; Yurkstas and
Curby, 1953). The average force on molars and bicuspids for 106 denture
wearers (from 26 to 83 years of age) was 22-24 lbs., but the force on
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the incisors was only 9 lbs. It was observed that complete denture patients
apply only 15 percent of the force applied by a person with normal
dentition. The second premolar was found to usually carry most of the
load during chewing, followed by the first molar and then the first premo-
lar (Howell and Brudevold, 1951). In a few instances (chewing raisins) the first
premolar carried the most load. More recent studies found the distribution
of force between the first bicuspid, second bicuspid, and first molar of
a complete denture to be 16, 29, and 55 percent and the average force
used to chew peanuts, coconut, or raisins was 1.5, 2.7, and 5.1 lbs., respec-
tively. These low values reflect the low shear strength of these loads.
The stress was calculated using 3.5, 6.5, and 14 mm.? for the respective
contact area and the values were 1000, 270, and 240 lbs./in.? for the
first bicuspid, second bicuspid, and first molar. More efficient chewing
should be accomplished by using the first bicuspids where the stress is
high.

gl‘he maximum force applied by patients on a single tooth in a complete
denture was 26 lbs. However, the forces measured for chewing celery,
carrot, apple, and meat were 19, 17, 14, and 10 lbs., respectively. Studies
using mechanical models showed that 35 to 40 Ibs. was required to “chew”
meat. In actual chewing, however, only 10 lbs. may be needed since the
lateral stroke of the mandible shears the meat. In general, raw vegetables
required higher forces to reach the swallowing threshold than softer foods
and complete denture wearers used an average of 80 strokes/min. on
soft food and 65 strokes/min. on tougher food. The harder foods are
generally chewed in the anterior region and the softer foeds in the posteri-
or area.

Atkinson and Shepherd (1967) studied the masticatory movements of
the mandible and the forces developed during chewing. The position
of the mandible and the force in premolar denture teeth were recorded
simultaneously during the chewing of foods. They observed that signifi-
cant forces were not developed until the teeth were nearly in contact;
after contact the force increased without motion of the mandible. They
did not observe significant sliding of occlusal surfaces over each other
during chewing. During the initial reduction of food the force was larger
on the working side and only near the end of chewing did the forces
on the working and balancing side become equal and low in magnitude.
Bearn (1971) measured the masticatory load carried by groups of posterior
teeth during chewing of a biscuit. Three types of occlusal tables were used;
broad, narrow, and knife. He found the average load for stroke was 4.2,
3.0, and 2.2 kg. for broad, narrow, and knife type occlusal tables, but
no difference was found in the number of masticatory strokes to complete
the chewing.

The relationship between the vertical dimension of occlusion and forces
generated by mastication was reported by Tueller ¢1969). He embedded

Dental Materials 223

strain gages in the palatal part of an upper denture and a central bearing
point was attached to the lower baseplate; as the vertical dimension was
gradually increased the biting power was reduced.

The forces on implant dentures has been compared to those on normal
lower dentures (De Hernande: and Bodine, 1970). They found the masticatory
load with the implant dentures was 2-2.5 times more than with the conven-
tional lower denture.

DEFORMATION OF DENTURE BASES. Regli and Kydd (1958 mea-
sured the deformation of acrylic and metal base dentures. The amount
of deformation was measured by attaching strain gages to the lingual
portion of a mandibular denture near the midline. They used one patient
and one lower acrylic denture which was later modified to contain a
metallic insert. When carrots were chewed there was an initial deformation
toward the midline of 3.6 mm. which decreased as chewing continued
to a value of 1.33 mm./chewing stroke. The average deformation away
from the midline was 1.8 mm, When peanuts were chewed the deforma-
tion was 1.32 mm. toward, and 1.92 mm. away from the midline. When
a metal insert was used the average deformation when chewing carrots
and peanuts was 0.09 and 0.17 mm. toward, and 0.21 and 0.24 mm.
away from the midline, respectively. It was concluded that the metal base
denture was 8.5 times more resistant to deformation than the acrylic
base and they proposed that the larger deformation of the acrylic base
may contribute materially to atrophy of the residual ridge.

A later study by Regli and Gaskill (1954) measured the denture base
deformation during function using a similar experimental arrangement
as before (Regli and Kydd, 1953). They measured the direction and magnitude
of deformation during mastication and deglutition in three types of lower
denture bases: (1) poly (methyl methacrylate), (2) poly (methyl methacry-
fate) with a gold insert, and (3) a metal base. Cusp teeth were used in
the dentures and four patients were examined. During chewing, the plastic
base dentures exhibited more deformation than the dentures with metal
inserts or metal bases; reductions in deformation for the latter two varied
from 50 to 70 percent. Reduction in deformation during deglutition was
more variable with one patient showing no reduction and two patients
showing reductions of ~ 50 percent for the metal base and ~ 70 percent
for the dentures with metal inserts. During mastication, dentures with
high ridges showed torsional deformation while flat ridge dentures exhibit-
ed compression. During deglutition, high ridge dentures showed extension
and flat ridge dentures exhibited little extension.

The question of whether primary stress-bearing areas actually dissipate
functional forces or are the forces transferred to other areas by the nonri-
gid acrylic denture base was examined by Lambrecht and Kydd (1962).
Strain gages were attached to the buccal and labial flanges and to the
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anterior and posterior palatal areas of five maxillary dentures. The sub-
jects chewed peanuts and carrots; 30° teeth were used in all cases. Two
types of deformation occurred: (1) extension or straightening of the base
at the midline, and (2) compression or increase in the curvature of the
base at the midline. The posterior teeth were set over the buccal slope
of the ridge and functional forces caused rotation of the base about the
crest of the ridge, thus, a flattening of the palatal contour. This flattening
caused the base to move away from the tissue at the posterior palatal
seal and a maximum movement of 1.5 mm. was observed. Also, the edges
of the buccal flanges were forced into heavy contact with the tissues,
thus deforming laterally, resulting in extension. When the patients chewed
on the bicuspids the base was forced upward into the anterior portion
of the palatal vault and compression resulted. When chewing occurred
in the posterior areas, extension was observed in the anterior palatal
region. However, the labial flange was primarily in compression although
some torsional components were found. The authors postulated that tbe
primary stress-bearing areas of a maxillary denture were on thg medial
slope and the crest of the residual ridge. A secondary stress-hearing area
was the height of contour in the anterior palatal area. Based on these
data, the authors suggested the following to minimize denture base defor-
mation: a. provide minimal relief in the posterior palatal area and some
relief in the anterior palatal area, and b. use cast metal bases.

Swoope and Kydd (1966) examined the effect of cusp form and area
on the deformation of denture bases. In their study, the authors: a. com-
pared the magnitude of deformation during masticatory anfi nonmasti.ca-
tory tests, b, compared the duration of the deformation during swallowing
and mastication, and c. evaluated the separate effects of cusp form and
occlusal surface area on deformation. Tests were conducted using strain
gages attached centrally to the lingual flange of mandibular dentures.
Patients chewed carrots and peanuts. The teeth were of the 30° type
which were later changed to simulate zero degree teeth by filling the
fossae with self-curing acrylic resin and rounding the cusps. Then the
buccal-lingual dimensions of the teeth were reduced by one-half. Thf_zy
found that wide zero degree teeth resulted in a significant decrease in
compressive and extensive deformation compared to results with 30° teeth.
The narrow zero degree teeth showed a decrease in deformation of the
base when compared to the use of 30° teeth but did net vary greatly
from the results with wide zero degree teeth. Deformation values for
chewing varied from zero to 0.043 and zero to 0.010 inch for swfallowing.
Analysis of variance, however, showed no significant difference in defor-
mation between the types of teeth or the occlusal surface area. Deforma-
tion was significantly higher during mastication compared with ngnmasti-
catory functions, and chewing peanuts caused greater deformation than
carrots. The mean duration of the deformation of the base during swallow-
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ing was 1,050 m. sec. and 290 m. sec. for masticatory strokes.

The nominal pressures on complete dentures were measured by Ohashi,
Woelfel, and Paffenbarger (1966, They found the projected area of twenty-
one upper dentures were 22.8 to $6.6 cm.? and 14.5 to 4.4 cm.? for
lower dentures. Forces during swallowing were found to be 1.5 to 15.8
kg. and thus the pressure exerted on the dentures was calculated to be
0.06 to 0.56 kg./cm.? for upper dentures, and 0.09 to 0.80 kg./cm.?
for lower dentures,

One final article should be mentioned which relates to the deformation
of denture bases. Koivuma (1958) concluded that dentures constructed
of flexible materials differ greatly from a rigid structure in that the masti-
catory force is born by a limited part of the ridge close to the point
of application of load. He claimed that the pressure, therefore, is not
evenly distributed over all the tissues covered by the denture, Studies
with nylon denture bases showed that if they were heavily deformed
they did not completely recover.,

STRESS DISTRIBUTION IN DENTURE BASES AND SUPPORT-
ING TISSUES. A general article encouraging practitioners to consider
the form and health of the soft tissues and residual ridges was published
by Lytle (1959). He encouraged the dentist to regularly determine the
magnitude of the soft tissue displacement in order to provide a good
fit for the denture base. Somewhat earlier, Stromberg (1955) reported
preliminary measurements of forces of denture bases against supporting
tissues but emphasized that no concrete conclusions could be drawn be-
cause of the extreme complexity of the problem. He compared the lateral
pressure in the region of the buccal flange above the upper first molar
with dentures constructed with zero degree and anatomic teeth.

Matthews and Wain (1956) used strain gages to examine dentures under
load and found that the area of maximum tensile stress was on the polished
palatal area. They also use z brittle lacquer method and observed no
cracks on the labial aspect, but the cracks were confined to the palatal
aspect indicating higher tensile stresses in this region. The palatal area
just lingual to the incisors contained the maximum tensile stresses. They
observed that when the denture was loaded unilaterally, cracks in the
lacquer appeared on the side opposite to the loaded area. They recom-
mended minimal incisal space and maximum permissible thickness of
the base in the incisal palatal area to minimize these high stresses,

The stress distribution of upper dentures was reported by Johnson
(1965). He studied the effect of the thickness of denture bases and position
of the teeth relative to the ridge on the stress distribution in the base.
The dentures were loaded on acrylic casts which were covered with a
1.5 mm. thick layer of silicone rubber. Strain gages were attached in
three positions along the midline, anterior, center, and posterior areas;
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their orientation was established by briwle lacquer crack patterns. The
denture was loaded vertically in 5 b, increments to 60 lbs., and the strain
recorded. The teeth were mounted either: a. on the ridge, b. 2 mm.
outside the ridge, and ¢. 2 mm. inside the ridge. The same denture
base was used, but the teeth were removed and remounted. He found
that in the anterior region more strain resulted when anatomical teeth
were used rather than cuspless teeth. Also, as the teeth were moved from
inside to outside the ridge, the strain increased regardless of the thickness
of the palate. When anatomical teeth were used, the strain increased
when the palatal thickness was increased or decreased. With cuspless teeth,
the strain increased with palatal thickness and decreased when the palate
was thin.

Stromberg (1955) reported higher stresses in bases with anatomical than
with flatr teeth and found higher stresses on the balancing rather than
the functional side of the denture base. Frechette (1955; showed higher
stresses in bases with zere degree than with 30° teeth, which is in disagree-
ment with the work of Johnson. Kubota (1959) used a two-dimensional
photoelastic method and observed the compressive stresses in the portion
of the base in contact with the mucous membrane and tensile stresses
in other parts. He claimed that the wider the artificial teeth are separated
from the interalveolar crest line, the greater the stress. Klatzer (1964, 1966)
reported photoelastic studies which showed that slight changes in form,
or the reinforcement of maxillary dentures resulted in marked changes
in stress distribution. He found on the examination of lateral sections
that the maxillary denture base functions as a transverse beam. Klétzer
examined whole dentures photoelastically and reported areas of high stress
concentration to be in the ancerior palatal area.

Recently, Ledley (1968) published a theoretical analysis of the displace-
ment and force distribution of the tissue-bearing surface of dentures,
The treatment is based on the situation that during chewing, dentures
are displaced by compressing the supporting soft tissue which produce
a reactive force on the tissue-bearing surface of the denture. The experi-
mental quantity needed is the viscoelastic properties of the oral mucosa.

The stress distribution on maxillary dentures was examined in centric,
function, and protrusive loading by Craig, Farah, and El-Tahawi (1971),
using a three-dimensional photoelastic method. Loading was carried out
on a Hanau articulator, the dentures stress-frozen, and then transverse
sections 0.1 inch cut from the denture. In general, higher stresses were
observed in areas under the teeth toward the midline of the base but
the midline area had low stresses. The stresses were compressive and
only one section of the six dentures tested showed any tensile stress in
the midline area. For the dentures loaded in centric, the stress increased
from zero at the central incisors to a maximum at the mesial portion
of the second premolar and then decreased to zero just distal to the
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second molar. Higher compressive stresses were observed at the ridge
areas than the midline for most sections. The ridge areas having the
highest stresses were from the cuspid to the mesial of the first molars.
In the previous tests the condyles of the articulator were retained; when
the condyles were effectively removed, free-end loading resulted in some-
what different findings. Again, the ridge areas had higher stresses than
the midline but two maxima in the ridge area were observed, one in
the first premolar region and a second in the second molar region with
a minimum in the region between the second premolar and the first
molar. A further test using maxillary dentures with anterior undercuts
showed higher stresses in the anterior region both in the ridge and midline
areas. The stress at the midline was at maximum in the central incisor
section and decreased gradually for more posterior sections. The maxi-
mum stress in the ridge areas was in the first premolar section. When
the maxillary denture was loaded in lateral functional position, the stresses
were compressive and the stresses at the ridge area were higher on the
balancing side than on the functional side. The stresses on the functional
ridge and the midline were comparable, being high in the anterior sections
and decreasing in posterior sections. The stress on the balancing ridge
was high between the first premolar and distal of the second premolar
with the maximum being in the area mesial to the second premolar;
this sharp increase is believed to have resulted from bending of the base
from single contacts of the lingual cusps of the upper and the buccal
cusps of the lower teeth on the balancing side, while the functional side
had buccal-te-buccal and lingual-to-lingual cusp contacts. When the maxil-
lary dentures were loaded in protrusive, higher stresses were observed
at the midline in the central incisor region. For more posterior sections
the stress at the midline and ridge areas were not significantdy different.
Again, the stresses were compressive on the tissue-bearing surfaces of
the denture base and were low in the posterior sections.
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