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INTRODUCTION

Contemporary education, receiving
its nutrients from basic research, con-
tinually refutes any policy of isolation-
ism of the separate disciplines. While
the boundaries between the basic
sciences, at least by definition, may be
sharp and definitive, any comprehen-
sive research demands an interplay of
bodies of knowledge—a synthesis of dis-
ciplines. The complexity of the prob-
lems of the physical world, just as
those of the social, encourages a
breakdown of isolationism. Particu-
larly in the biological sciences is the
multidisciplined approach becoming
necessarily apparent. The biochemical
marriage is a most solid and enduring
one. The nuptial vows of biophysics
are more recent.

As Rashevsky suggests, “application
of mathematics to special biological
problems is not new, but a systematic
mathematical biology is timely. It is
not now possible to ‘explain away’
phenomena of life in terms of physics,
but this approach may be developed
in the future. Since biological pheno-
mena are closely related to physical
phenomena,—there is a desire to unify
all natural sciences.”

The attempt at explaining the ori-
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gin of life from non-living things sccms
nearer reality. Urey’s classical work of
the production of amino acids by sub-
jecting certain simple gases to clectri-
cal discharge suggests a rapport be-
tween the viable and the nonviable—a
unification of natural sciences.

To those disciples of practicality
and office efficiency, it is acknowledg-
ed that purely theoretical hypothesiz-
ing may not have immediate practical
interest of even urgent direct applica-
tion to some experimental set-up, let
alone positive correlation to this year’s
income. However, the history of
physics reveals that pure theoretical
developments led decades later to most
astonishing practical results. Today’s
eminently useful duality of the beni-
son and cataclysm of atomic fission are
some years removed from the theore-
tical dreamings of Bohr and Einstein.
More pragmatically, Gottlieb suggests:
*“The results of today’s research is des-
tined to be an integral part of the
practitioner’s work of tomorrow.”

In contemporary orthodontics, a
unique situation attains in that the
dentist must of necessity combine his
knowledge of the problems, sciences,
and techniques of general dentistry
with sciences usually considered tan-
gential to his field—such disciplines
as embryology, growth and develop-
ment, anthropology, biochemistry, and
particularly the science of force action-
mechanics.

These additional disciplines are ap-
plicable to orthodontics, not in the
segregated sense, but as important in-
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tegrated parts of the whole. It is prin-
cipally with the science of mechanics
and the importance of its application
to orthodontics that this paper is con-
cerned.

The physiological reactions which
permit the movement of a tooth
through its bony environment cannot
be fully understood independent ol a
concomitant understanding of the ac-
tions of the initiating forces. Because
of the classical work of Oppenheim,
Sandstedt, Moyers, Storey, etc., some¢
significant information is now avail-
able concerning the biological changes
occurring during tooth movement.
Though the mechanism of tooth move-
ment is basically biological, it is ini-
tiated by force action and, until such
time as teeth can be moved by injec-
tions or internal medication, the or-
thodontist will be vitally concerned
with mechanics.

Sicher, whose impact on the biology
of orthcdontics has been significant,
feels that in our contemporary at-
tempts to surplant the early “mechan-
istic” or gadget approach by a more
scientific biological one, we have tend-
ed to forget the pure physics.

Furthermore, research into ihe truc
nature of the biological mechanism of
tooth movement is fruitless without a
parallel understanding of the force ac-
tion involved. Within the next decade,
biophysical research in the field of or-
thodontics should answer a number of
important questions, some of which
might be:

l. What is the quantitative relation-
ship between rate of tooth move-
ment through its bony environ-
ment and the reactive pressnres
on the tooth root?

What part is played by the mus-
culature and the geometry of the
supporting bony structure in es-
tablishing positional stability of
the dentition?
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3. Can muscle tonus, i.e., the force
which it exerts, be changed to
accommodate new positions of
stability of the teeth?

4. What is the relationship of pres-
sure and the immediate deforma-
tion of the periodontal ligament?

5. Can growth of bone tissue be re-
tarded by mechanical means?

THE IMPORTANCE OF THE CONCEPT
OF EQUILIBRIUM

The principle of equilibrium is
manifest in many branches of science,
physical and biological. All bodies are
in equilibrium with their surround-
ings. Equilibrium controls the be-
havior of the stars in the heaven and
the fish in the seas. The motion of the
planets of the solar system and the mo-
tion of the electrons of the atom are
manifestations of the same principle.
The universality of the concept of
cquilibrium is such that the fact chat
teeth are in equilibrium with their
surrounding environment cannot be
questioned. The ecquilibrium with
which orthodontics is primarily con-
cerned is  the static equilibrium of
forces. In order that the body, in this
case a tooth, be in static equilibrium,
two conditions must be satisfied: 1.
The vector sum of all forces acting on
the tooth must equal zero, 2. the vector
sum of all moments of forces acting on
the tooth relative to any point must
also be zero. Forces which may act on
the tecth include those applied direct-
ly by the surrounding musculature,
forces due to natural functions, such
as mastication, forces duce to pernicious
habits, forces due to the presence of
orthodontic appliances, and the reac-
tive forces applied to the roots of the
teeth by the surrounding bony struc-
ture through the periodontal liga-
ment.

From the standpoint of the ortho-
dontist, the idea of equilibrium of the
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tooth can be further analyzed. In line
with the above hypothesis, it is ob-
vious that the tooth must be in cquili-
brium at any particular instant. How-
ever, it may not be so self-evident that
the teeth must also be in a mean state
of equilibrium extending over a con-
siderable period of time. Over such
a period the effects of short term ran-
dom forces can be expected to nullify
each other so that the resultant tooth
movement would be zero.

Resultant forces of long duration
and repeated application cnter into
the mean equilibrium picture and un-
der ordinary circumstances cause
movement of the teeth. A resultant
force in this case may be described
as a sort of net force. For instance, a
premolar subjected to a .1 oz. force
exerted by the buccinator musculature
and simultaneously subjected (o, say,
a .3 oz force exerted by the tongue
could be said to be subjected to a .2
oz. force cxerted by the tongue and
directed buccally. As long as the crown
of a tooth is acted upon by a long
term resultant force, the mean cquili-
brium of the tooth must be accom-
plished by the development of reac-
tions exerted on the root through the
periodontal ligament. Such reactive
forces are the initiators of biological
actions which culminate in tooth
rnovement.

It must be emphasized that dura-
tion of application, as well as the
vector properties of force, is important
in determination of the mean state of
equilibrium. It may be hypothesized
that the product of force magnitude
and time controls the ratc of tooth
movement.

STABILITY

An additional area of theoretical
mechanics which is of great import-
ance to the orthodontist is stability.
The orthodontist is concerned with
the movement of teeth from positions
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of malocclusion to positions of good
occlusion, but he should be concerned
further with the stability of the
teeth in their new positions. Putting
the teeth into new positions of in-
stantaneous static equilibrium is not
enough. These positions must be ones
of stable static equilibrium so that the
teeth will not tend to drift back to
their old positions of malocclusion or
to new positions of malocclusion with
the passage of time.

In general, a stable position is vne
to which a body will return rcadily
and of its own accord if subjected to
minor displacement. That is, the
minor displacement referred to will
cause the body to be subjected to
forces which will dictate a return to its
original position. If, however, the
minor displacement causes the body to
be subjected to forces tending to fur-
ther increase the displacement, the
body is said to be in an unstable equil-
ibrium position. -

Stability must consider the origin of
some of the forces that act upon the
teeth as previously mentioned, i.e,
those forces emanating from the mus-
culature, natural functions, or perni-
cious habits. These are the forces
which must dictate whether or not a
tooth is in a stable position. It should
be noted that these forces do not in-
clude those exerted by the appliance,
since consideration of these appliance
forces could be justified only if the
paticnt were to wear some sort of re-
tentive device indefinitely.

Fischer points out, in connection
with hazards of treatment, that “the
stability of the denture in malocclu-
sion is the result of the very same
forces that will be responsible for the
final positioning of the teeth after
treatment.” '

Purely from the standpoint of mech-
anics, stable positions of equilibrium
are.always positions in which the ener-
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gy stored in the system is a2 minimum.
Since the laws of mechanics are appli-
cable to the teeth individually and to
the dentition as a whole, it must be
concluded that stable positions of the
dentition and its elements are posi-
tions in which the energy stored in
the system is minimal. Here the sys-
tem in which energy is stored must be
considered to be the teeth, the perti-
nent bone structure, and particularly,
the surrounding musculature. In some
instances there may be but one stable
location for a tooth or segment of the
dentition, but in many circumstances
there may be multiple positions in
which stability will be achieved. An
example of such multiple positions of
stability would be molar crossbite.
The maloccluded position is stable,
since there is no tendency for the
tooth to move from this position or to
correct itself. This malocclusion repre-
sents one of several energy minima.
When this crossbite is correcied oriho-
dontically, a new position of minimum
energy is achieved and the result is
also stable.

Relapse of the treated dentition in-
dicates that the teeth were left in un-
stable positions at the conclusion of
treatment. Stability of the dentition
need not imply that the teeth are sta-
tionary, since growth may present a
changing set of conditions to which the
teeth become adapted by appropriate
movements. It can, however, be cate-
gorically stated that every relapse is
the end result of instability.

MECHANICS OF MATERIALS

Another subdivision of mechanics
with important ramifications in ortho-
dontics is that of the mechanics of ma-
terials. Where mechanics as a whole is
concerned with the forces of inotions,
mechanics of materials, in particular,
is concerned with stresses, strains, and
deformations. Since orthodontic {orces
are exerted through the medium of
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fabricated appliances, it is necessarily
apparent that a knowledge of the
mechanical properties of the materials
involved is most essential. Each appli-
ance as constructed by the orthodon-
tist has certain essential mechanical
characteristics, such as strength, stiff-
ness, and resilience (energy storage
capacity) . These properties of the ap-
pliance are dependent upon the in-
trinsic properties of the material,
strength, stiffness, hardness, and re-
silience, as well as the extrinsic prop-
erties characteristic of the appliance
design, such as shape and size. Im-
portant quantitative characteristics of
the appliance are dictated by the laws
of mechanics of materials, and are of
direct concern in that they control the
magnitude of the forces exerted by
the appliance, the deformation of the
appliance, and the rate at which force
will be dissipated. Since these proper-
ties govern the basic mechanics of the
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ance for a thorough undersranding of
this essential tool.

SUMMARY

1. Scientific orthodontics requires a
multidisciplined approach. No single
branch of basic science can be suffi-
cient support for its complete under-
standing.

2. Of particular importance to or-
thodontics is the science of theoretical
mechanics- the science of force action.
Unfortunately, most graduate students
in orthodontics are not sufficiently
prepared in this area by their under-
graduate or professional training.

3. The importance of an under-
standing of force action should be self-
evident in view of the fact that force
must be relied upon to initiate biolo-
gical reaction in the movement of
teeth.

4. The concept of equilibrium is
essential to an understanding of the
forces acting upon individual teeth
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or upon segments of the dentition.
Such forces must include not ouly
those acting upon the crowns but also
the reactions upon the roots.

5. Since one of the criteria of suc-
cessful treatment is the absence of re-
lapse, stability is of primarv concern
in orthodontic therapy. Theoretical
mechanics is the key to understanding
and recognizing the characteristics ol
stable and unstable conditions.

6. The application of orthodontic
forces through fabricated appliances
makes essential an understanding of
the mechanical properties of the ma-
terials of which these appliances are
made. Mechanics of materials is the
discipline embodying such know-
ledge.
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