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Preface

This book was written in response to many
requests for a textbook for students and prac-
titioners. As rehabilitation has assumed a
more prominent place in dental thinking, it
has created a greater desire for knowledge of
the technics and the instrumentation that are
associated with and peculiar to the problems
of dental rehabilitation. A knowledge of anat-
omy, physiology and periodontics is essential
to a full understanding of the problems, and
it is assumed that this knowledge already has
been obtained from a study of these essen-
tials. It is assumed also that the reader al-
ready is familiar with the routine procedures
of crown and bridge, and of denture prosthet-
ics. In this book we are concerned primarily
- with technical problems of full mouth treat-
ment,

The fact that these procedures are the tech-
nics of rehabilitation does not mean that they
are applicable only to those limited cases in
which all the teeth are being reconstructed.
The principles that make for successtul re-
habilitation can be applied every day to better
solutions of routine problems. The principles
of centric bites, hinge relations, check-bites,
remounting and treatment are the same
whether a routine denture, a periodontal
problem, an extensive bridge or even oral
surgery is being considered. Most of these
principles apply with equal force to ortho-
d.ontic treatment, although some of the tech-
.mcal means will be different. In short, this
1s not a book for a limited field: it covers the
application of technics to dentistry as treat-
ment and the integration of the mechanical
devices of dentistry as a true part of oral
medicine.

Most of this text has been devoted to a
d.escription of how to do oral rehabilitation,
since there is a great need for this informa-

tion. It is hoped that the application of these
practical technics to many practical problems
will be apparent. So far as 1 am aware, this
is the first time that these have been assem-
bled as related procedures which, when put
together, unite all the structures of the oral
organ—teeth, supporting structures, joints
and muscles—in physiologic co-ordination.

The fact that I have not quoted from the
writings of others does not mean that all this
material is original. There is no such thing
as true originality in this field. The only inno-
vation lies in putting together and setting
down in orderly fashion the ideas gathered
from many others over many years, mostly
from personal contacts and discussions.

The man who deserves the most credit for
whatever help this book may provide is my
old friend and counselor, the founder of the
Gnathological Society, Dr. Beverly McCol-
lum. Without his guidance, inspiration and
teaching I never would have been made aware
of most of this material and spurred on to
learn more about it. It has been discouraging
at times to hear men with little minds try to
undermine his greatness because of personal
jealousy over who deserves credit for what.
In recent years it has been most heartening
to see principles for which he fought and was
damned accepted calmly as fact. It is the mis-
fortune of dentistry that more men have not
been privileged to know the greatness of his
mind.

Without the untiring devotion of Dr. Wil-
liam Maxwell, who is responsible for most of
the illustrations, this book never would have
become a practical reality. Indeed, T think it
is fair to say that the time and the energy re-
quired for illustrating it exceeded that re-
quired for the writing of the book. I am in-
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viii Preface

debted to Dr. Dan Isaacson for writing and
illustrating the chapter on Correction of Oc-
clusal Disharmonies; to Dr. William Palankey
for illustrations on mounting and check-bites;
to Dr. Robert Simpson for illustrations on
complete dentures; to Dr. Robert Kaplan for
the chapter on Periodontal Consideration.

It would be impossible to list all the friends
from whom or through whom I have gleaned
the information here assembled. The fact that
I can name but a few does not mean that I
would slight any of them. I would bave to go
back to my school days and name teachers
for whom 1 had too little regard at the time.
Many others to whom I shall be eternally
indebted crowd into the picture. To name but
a few: Dr, Dan Grubb (deceased) and his co-
worker Mr. Russell Jones; two old friends
and associates, Dr. Ray Garvey and Dr. Clem
Bird; Dr. Lester Burket and Dr. Milton Rode
of the University of Pennsylvania, who had
the understanding and the fortitude to incor-
porate oral rehabilitation in undergraduate

teaching; Dr. Don McQueen of the Gnatho-
logical Society for lending an unselfish and
understanding mind; Dr. John Thompson for
friendly disagreements leading to fruitful
understanding; Dr. Robert Moyers for a bet-
ter understanding of muscle physiology; Dr.
George Coleman for a constant helping hand;
Dr. William Dykins for many discussions on
mucostatics—even Mr. Harry Page for ferret-
ing out what Dr. Carrol Jones christened
“mucostatics”; Mr. Tom Nicoll and Mr.
James Stern for helping hands many years
ago; and, most of all, my father and the
previous generations of dentists who passed
on to us the fruits of their labors.

The list could go on and on. Suffice it to
say that without the knowledge acquired
from these others this book never could
have been written. In every profession prog-
ress is based largely on the learning that
others have generously passed om. If this
book aids in that professional service it will
have been worth the effort.

E.R.G.
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Chapter 1

Rehabilitation

During the past decade, full mouth treat-
ment has stepped from an obscure seat of
questionable respectability to an accepted
position in dental practice. High-speed prep-
aration and elastic impression materials,
coupled with unprecedented public accept-
ance of dental treatment, have created a
fertile field for expansion. But our technical
ability to undertake full mouth reconstruction
has advanced much more rapidly than our
knowledge of how to treat the mouth. Much
of the full mouth treatment today is not really
treatment: it is merely reconstruction of teeth
in groups. The physiologic considerations in
the reconstruction of an entire mouth are
quite different from those in the restoration
of individual, unrelated teeth. Rehabilitation
is establishing a harmonious relation of teeth,
supporting structures, joints and muscles: a
physiologic activity to aid in maintaining a
healthy organ. Though it frequently does re-
quire reconstruction of many or all of the
teeth, it does not imply that reconstruction
of teeth is rehabilitation of the mouth.

It is relatively rare to be presented with a
mouth requiring extensive restoration which
does not also require some consideration of
periodontal problems. Even in the young pa-
tient, whose tooth loss may have been due
solely to dental caries, the changed relation-
ship and the increased stresses on the remain-
ing teeth may lead to periodontal problems
which otherwise would not have existed. The
purpose of restorative dentistry is not only
the replacement of lost chewing surfaces. Im-
portant though this is, of equal importance
is the preservation in health of the remaining
structures, and this applies likewise to full
dentures, so that the restoration will not

hasten the loss of its own supporting struc-
tures,

For many years clinical experience has
pointed to a relationship between functional
movements in the temporomandibular joint
and pathologic processes occurring in the
jaws. The patient’s ability to accept and
tolerate restorations and the end-result of our
treatment are dependent on many factors, but
we cannot ignore this one. Mere acceptance
and tolerance by the patient is not the crite-
rion of successful treatment. Our ability to
treat and save mouths is directly related to
our ability to capture and transfer jaw func-
tion to the restoration.

PERIODONTAL CONSIDERATIONS

Periodontal disease and dental caries are
complex pathologic states which do not re-
sult from a single simple cause. Successful
solution has so far evaded us because histo-
logic, biochemical, bacteriologic, genetic,
functional, and psychosomatic stress and
even evolutionary factors are involved. Many
single investigators and larger groups of
scientists have attacked these conditions from
a variety of angles. Much has been learned and
applied to clinical treatment, but there are so
many closely interrelated factors involved,
and so many different sciences concerned,
that up to now it has not been possible to dis-
entangle the various processes which go on,
and decide on the relative order or impor-
tance of each.

When the problem is attacked from the
viewpoint of any one of these sciences, facts
emerge which are a part of the picture, but
a part only. When enough facts from these,
and possibly other yet unknown sciences,
have been accumulated, it will become Pos-
sible for a broad general synthesis of the
various ideas to be made. The various parts
of the puzzle will fall into place, and the



2 Rehabilitation

methods and the mechanism for the preven-
tion of dental disease will become clear.
However, as in the cases of cancer and
arthritis, the synthesis has not yet been made.
Lacking this knowledge, in dental disease
we must rely on symptomatic treatment and
the use of those methods which have been
found to be clinically and empirically
effective.

Although we do not know the cause of
dental diseases, we do know a considerable
amount about them. We know, for example,
that diet and endocrine factors play an im-
portant part in the breakdown and the repair
of dental tissues. Yet they alone are not the
cause, or all tissues would present the same
problems. They do profoundly affect the
ability of tissues to sustain stress. As a result,
in some instances they alone can provide
enough favorable balance to swing the scales.
But, likewise, a better distribution of stress
alters the metabolic picture. Each of these
factors is relative to the other. Convenient
though it would be, we cannot pin our hopes
to some one magic cure-all. Treatment of
occlusion is not, per se, periodontal therapy.
Even though we do not know the histologic
mechanism of the relation between patho-
logic changes in the supporting structures
and occlusal stresses on the teeth, we have
considerable clinical evidence that such a
relationship does exist. This does not imply
that occlusal stress is the cause of, or the
treatment for, periodontal disease. It does
not mean that treatment of occlusion replaces
the need for periodontal therapy. It is not as
simple as that. It does indicate that treatment
of occlusion is an essential part of, or an
adjunct to, the successful treatment of the
pathologic processes that occur in the sup-
porting structures and constitute a sick
motith.

Rehabilitation involves more than tooth
reconstruction. Although this is frequently
necessary from the standpoint of the teeth
themselves, it should be viewed also as 2
part of the treatment of the whole mouth.
Restorations must be viewed from both
aspects: their relation to the teeth them-

selves and their relation to the whole mouth.
More often than not, the chief purpose of a
restoration is to place the tooth in a proper
functional relation to the mouth. Much of
the full mouth treatment today is tooth re-
construction rather than rehabilitation. Pri-
marily, rehabilitation involves the treatment
of occlusion. This is because the simulta-
neous reconstruction of many teeth in one
mouth is vastly different from the reconstruc-
tion of the same number of teeth in many
different mouths. The difference lies in the
alteration of nature’s protective mechanism,
the proprioceptive reflex.

NEUROMUSCULAR RELATIONS

Some years ago, in discussing this prob-
lem, Harry Sicher pointed out that, in full
denture construction, a hinge axis mounting
and a centric bite are essential to stable oc-
clusal relationships. Yet many people are
able to go through life in comfort and health
with a set of natural teeth which do not meet
in centric relation. Lack of centric relation
occlusion is not per se abnormal to the indi-
vidual. This is because, as his cusps start to
interdigitate, the proprioceptive reflex acti-
vates the muscles to move the mandible to a
position which will not traumatize the tis-
sues as the teeth come into contact.

Loss of teeth changes the proprioceptive
reflex. There is no longer the same signal to
tell the patient where to close. As it grows,
the dentition develops proprioceptive reflexes
as nature’s defense mechanism against self-
inflicted injury. Movements of the mandible
which bring the teeth into contact are
brought about by the musculature but are
controlled by the temporomandibular joints.
The muscles provide the means of motion,
but the paths which the mandible can follow
in tooth contact are determined by the tem-
poromandibular joints. In young, healthy
dentition, proprioceptive reflexes enable the
muscles to guide the mandible to the posi-
tions that are least injurious to the support-
ing structures of the mouth. As long as these
positions are harmonious with the joints, a
state of functional equilibrium is maintained.



These proprioceptive reflexes are brought
bout by tooth contact or by pressures trans-
nitted by food between the occlusal surfaces.
.oss of teeth, tipping of teeth, excessive
vear, or rapid equilibration all can alter these
eflexes and interfere with the normal adap-
ive mechanisms. When the occlusal surfaces
re all destroyed at one fell swoop, as in
ull mouth reconstruction, the proprioceptive
eflex immediately is destroyed. This is why
econstruction of all the occlusal surfaces in
me mouth is not the same as reconstruction
f the same number of unrelated teeth in
eparate mouths. Now the temporomandibu-
ar joint takes over as the guiding factor. The
nuscles still provide the power, but the joints
letermine whether or not the teeth are in a
iarmonious relationship. Thus new occlusal
urfaces, lacking proprioceptive reflexes to
juide them, must likewise follow the paths
f motion of the temporomandibular joint to
void lateral stresses and injury. Except in
he very young, new reflexes cannot develop
0 cope with the damage, unless the teeth
re harmonious with the joint. Teeth con-
tructed without regard to the functional
aths of the joint cannot be compensated by
he musculature. In voluntary closure the
nuscles can adjust the mandible to any posi-
ion dictated by the teeth. But during the
avoluntary functions of chewing, they can-
ot permanently adapt the mandible to any
osition not harmonious with the joints with-
ut injury to some part of the system: teeth,
upporting structures, joints or the muscles
hemselves.

Rehabilitation, then, should be an at-
empt to restore a harmonious relation of
hese structures, to avoid self-destruction by
lashing teeth, joints and muscles. Recon-
truction of the mouth without consideration
f these factors is not rehabilitation. Under-
tanding rehabilitation depends upon under-
tanding the temporomandibular joint.

THE TEMPOROMANDIBULAR JOINT

There are still those who speak of this
$ a loose, sloppy joint, incapable of direc-
lon, subject to the dictates of occlusion. This
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joint is unique in that it is not held together
by ligaments. Muscular action holds it to-
gether; the ligaments merely limit the range
of its movements. That is why Lammie terms
centric relation “ligamentous centric.” It is
the posterior limit of the ligaments. At rest
this is a loose, sloppy joint, particularly when
severe malocclusion has subjected it to ab-
normal stresses, which can stretch the capsule.
But when muscular force is applied to close
the mandible against resistance, the joint is
drawn tightly together, the condyle being
braced on the pressure-bearing area of the
meniscus seated against the glenoid fossa.
The mandible is lifted bodily before any
other functional movements take place. The
hinge axis is lifted to brace itself so that the
mandible can rotate as it closes against re-
sistance. Muscular force holds the joints to-
gether; the ligaments merely limit the amount
of motion. Thus, when the muscles are at
rest, in tonus, the joint likewise hangs loosely,
held together by the ligaments. It should be
apparent that a closure from rest position to
tooth contact can never be a hinge closure.
As a matter of fact, there is nothing easier to
demonstrate in practice. But it does constitute
a major problem of recording maxilloman-
dibular relations. The so-called unstrained
relations are the one thing that we do not
want. But they should not be relations forced
upon the patient by externally applied force.
They should be the relations that the patient
will use by the application of his own mus-
cular forces.

Although the nonfunctioning joint is loose
and sloppy, functionally it bears an extremely
precise relation to the occlusal surfaces of
the teeth. These surfaces do not exist merely
to make the teeth rough and sharp, like glori-
fied rasps. They are formed so that efficient
biting, shearing and masticating surfaces can
maintain a harmonious relation to the joints
and the muscles. There is nothing haphazard
or sloppy about any of these structures in

form or function.

The temporomandibular joint exists for
the purpose of guiding the mandible to posi-
tions of tooth contact which will enable the
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cusps to mesh and glide past each other
without injury. To form such related surfaces
requires the use of mechanical aids to both
diagnosis and ftreatment. There are many
reasons why the mouth itselt cannot be used
as the articulator in full mouth treatment.
Although it appears sensible and logical that
the mouth would be the best articulator, this
is a technical impossibility. An articulator
reproduces the functional relation of the
teeth to the paths of motion of the temporo-
mandibular joint. No instrument can repro-
duce the anatomy of the joint but, to be
effective, it must reproduce the relation of
this anatomy to the form of the teeth. Con-
struction of teeth is a mechanical procedure,
but that does not mean that it cannot be a
physiologic remedy. Since the function of
teeth is chewing, it is the chewing paths of
the joint which the patient executes with his
own musculature that must be recorded and
reproduced. Rotary motions which close the
mandible to tooth contact are brought about
by rotation in the lower compartment, but
the position of the mandible at the time of
contact depends upon where the meniscus
lies on the condyle path. The patient in
mastication never closes in centric. He closes
in lateral excursion and returns via the Ben-
nett movement to and through centric. He
does not stop suddenly at centric as though
he had run into an obstacle. As with any
muscular action, there is a natural follow-
through. The teeth glide past centric, up
onto the balancing cusps, as the mandible
opens and returns to lateral for the next
stroke. Maxwell has pointed out that centric
is where the condyle changes from a closing
rotation to an opening rotation, and so brings
the lingual balancing cusps on the working
side into contact. Not for mere prosthetic
bilateral balance. Since the patient cannot
move one compartment of the joint without
simultaneous action of the other compart-
ment, he cannot make a functional closure
in centric, Centric is one position of the
lower compartment, but, since the patient
cannot make a centric closure during the
involuntary act of mastication, the mere loca-
tion of this position of the axis and a centric

bite, without recording the paths of the joint,
is of little functional value. Cusps of the
teeth must follow these paths of motion, not
guide the mandible in a clash with the joints
and the muscles, So instruments used to form
these cusps must likewise reproduce the ac-
tual functional paths of the joint.

FUNCTIONAL PATHS

In mastication the mandible opens to move
into lateral excursion preparatory to closing
on the bolus. The nonchewing condyle moves
down, forward and inward in a circular path
about the rotating working condyle. There-
tore, the working condyle is rotating in three
planes simultaneously. It is an established
fact of physics, mathematics and mechanical
engineering, embraced in kinematics, that,
for a solid body in space to rotate in three
planes simultaneously, the axes of those
planes must be at right angles and must
coincide at a point center. It is the relation
of the teeth to this point center in each
condyle which enables the cusps to pass each
other without colliding or bumping.

The condyles are irregular bodies, and the
mandible is asymmetrical. They are all rigid
bodies, and a rigid body cannot rotate simul-
taneously around two parallel axes. To
enable these irregular bodies to rotate around
point centers, there are interposed between
the rigid condyle and the glenoid fossa the
movable meniscus and synovial membranes
and fluids. In the closing rotation which
brings the teeth into contact, both condyles
are rotating. The rigid mandible rotates to
closure around an axis formed by connecting
the point centers in the two condyles. This
is the hinge axis. Since the patient is not
closing in centric, the contacting positions
of the teeth are the positions of the hinge
axis on the condyle paths. The position of
the axis on the condyle path does not depend
on the condyle path alone, but also upon the
position of the center of rotation (vertical
axis) on the working side. Sinc¢ the three
planes on the working side must intersect
at a point, if we locate the axes of two of
these planes (i.e. the hinge axis and the
center of rotation), we automatically have



the axis of the third plane, the sagittal axis,
and the point centers of rotary movement.

These axes can be located readily, and
their paths of motion recorded, by means of
a suitable pantograph, using the patient’s
own muscular action and chewing strokes.
Needless to say, in order to reproduce them
in the restoration, the articulator must be
fully adjustable to the patient’s three-dimen-
sional chewing. To be effective, occlusal re-
habilitation must reproduce the results of
this three-dimensional action in the cusps,
without stress and trauma to any part of the
stomatognathic system.

GNATHOLOGY

These are the objectives of gnathology.
Strictly speaking, gnathology means the study
of the jaws. The study provides the diag-
nosis upon which to base treatment-planning.
Gnathology is the study of the patient as
an individual to determine his individual re-
quirements for treatment. It uses instru-
mentation and technics as the means for
practical accomplishment—these instruments
and technics are not themselves gnathology.
They are only the tools, the means of treat-
ment, but this does not imply that they are
the only means of treatment. Increased un-
derstanding must bring with it better instru-
ments and technics. 1t is our hope constantly
to improve and change our instruments and
technics, with increased understanding. But
the philosophy is unchanging. It is a philoso-
phy of the treatment of the patient as an
individual. It is not an attempt to force upon
the patient some preconceived, standardized
form of treatment. Diagnostic and treatment
procedures may be standardized, but their
application must be tailored to the patient’s
need. There is more than one technic for
performing an appendectomy but, whatever
the technic, the end-result must be the re-
moval of the appendix.

Gnathology is far less arbitrary in its
approach to treatment than conventional re-
construction; it is much less radical in its
prescriptions. It has far less potential for
harm. It permits much more latitude in
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adapting the treatment to suit the problems.
It does not require that every case be treated
by a mouth full of crowns. Fundamentally,
it is conservative in its belief that treatment
should be designed to create a benign har-
mony of action; it is not just a hope that
some adaptive mechanism will tolerate our
treatment.

The only dogma of gnathology, if you
would call it that, is the basic tenet of all
the healing arts: treatment of the patient as
an individual. Treatment based upon a true
diagnosis of his particular problem, and an
understanding of what is needed to make
the dentistry an actual treatment—not the
technics, not the instrumentation. Treatment
of the patient lies in the use of whatever
tools, physical and intellectual, the knowl-
edge, the skill and the understanding of the
operator can apply to the end that his re-
constructions will become true restorative
remedies.

Much dispute has arisen over the question
of acceptability. Twenty years ago the mere
mention of the hinge axis was a cause for
name-calling and emotional outbursts. Yet
today one hardly can attend a dental meeting
or pick up a dental journal without seeing a
reference to it as an accepted fact. Accept-
ance of the new and the different is always
slow when established systems of action and
thought are challenged by new approaches.
This is a healthy reaction. Acceptance of the
new and the different, merely because they
are new and different, is not sound progress.
New ideas must prove themselves before
they can become integrated into practice.
But it is unfortunate when such progress is
retarded by a lack of meeting of minds, by
emotion and prejudice. One has only to read
comments in the literature to realize how
great are some of the misconceptions which
widen the abyss.

Gnathology does not present any rigid
treatment for the patient. It studies the func-
tional problems to enable the operator to
select the treatment that he believes to be
best suited to the problem. The technics and
the instruments described here are presented
as a means to that end.



Chapter 2

Functional Relations of the
Temporomandibular Joint

JOINT RELATIONS

The seemingly erratic behavior of the
temporomandibular joint frequently obscures
the actions in the joint which make this be-
havior possible. The almost infinite variety
of joint relations exhibited by varying muscle
forces tends to make it appear to be a loose,
sloppy joint subject to the whims of muscular
control. Rehabilitation of the whole mouth
and intelligent handling of the instruments
used for this purpose depend upon being able
to separate the actions taking place in the
joint which make this behavior possible. Oc-
clusal relations of the teeth are the result of
precise actions in the joint, with various pat-
terns of muscle activity. We must understand
the nature of these actions and the manner
in which they combine to be able to use this
seemingly erratic behavior in treatment. The
usefnlness of an articulator depends upon how
well the operator can transfer these actions
to an instrument and, in turn, how well it
can produce all the irregularities of functional
relations.

The restorative dentist faces two problems.
He must create tooth forms which are
harmonious for the relation of the cusps to
the supporting structures and, at the same
time, bear a relation to each other which is
correct for the joints. Since it is the relation
of the cusps to the joints which permits them
to function in harmony without stress, the
joint must be the first consideration in tooth
form and relation.

We are accustomed to speak of the tem-
poromandibular joints as though each of
them were one joint. But, as a matter of
fact, each of them is two separate and dis-

tinct joints, inseparably linked yet with totally
different functions. They are true double
joints, and this is quite widely recognized
today by anatomists who have devoted seri-
ous study to the problem. What are spoken
of as the ower compartment and the upper
compartment are in reality two joints, held
together by a single capsule. Much of the
past confusion undoubtedly has arisen from
the fact that, although they are separate,
distinct joints, in function they always act
simultaneously. In functional action, the in-
dividual cannot move one compartment of a
joint without moving the other. The im-~
portant fact is that he can and does use
them in an infinite variety of combinations.
When we consider the fact that he has two
temporomandibular joints, linked inseparably
by bone, which must always move together,
so that in reality he has four joints all moving
at once in various combinations, it does ap-
pear hopelessly complicated.

If we can forget the mental hazards en-
gendered by these apparent complexities,
and break the problem down into its com-
ponent parts, it becomes amazingly simple.
The so-called lower compartment or lower
joint is the joint of the condyle on the me-
niscus. It is a complete joint in itself, with
its own synovial membrane and fluid. Within
any possible functional range of tooth con-
tact, the condyle rotates on the meniscus
around the axial (not axle!) center. It pos-
sesses all the anatomic characteristics of a
pressure-bearing joint. The meniscus, which
forms the socket, is a dense ﬁbrbcartilage.
The socket area upon which the condyle ro-
tates is devoid of blood vessels and nerves.



urrounding this pressure-bearing area is a
upply of blood vessels and nerves, which
ourish the disk and show that the condyle
; designed to rotate, but not to glide upon it.
n passing, we might note the fact that it is
e forced movement of the condyle on the
ieniscus, caused by improperly related
usps, which impinges on the mnerves and
reates joint pains.

The upper compartment of the joint is
ormed by the meniscus on the glenoid fossa.
t also is a complete joint in itself, but is
otally different from the lower compartment.
fere the action is solely the gliding of the
aeniscus. Since the condyle must remain in
osition on the pressure-bearing area of the
aeniscus, as the meniscus glides on the fossa
he whole lower joint moves as a unit on
he fossa. So the temporomandibular joint is
omparable with any ball-and-socket joint,
xcept that the whole ball and socket can
e moved to various positions in the glenoid
ossa to bring the teeth into changing con-
act. The upper teeth are in constant fixed
elation with the upper joint, the lower teeth
n constant fixed relation with the lower
dsint. Thus, the relation of the upper and
he lower teeth to each other must be deter-
ained by the relation of these two joints to
ach other,

As already pointed out, these two joints
lways move simultaneously. As the condyle
otates on the meniscus, the meniscus glides
m the fossa. But they can be moved in an
afinite variety of combinations. Various ro-
ations in the lower joint can be combined
vith various gliding paths in the upper com-
artment to produce an endless variety of
aths of the mandible. It is probably this
act which has caused so much confusion in
he attempts to study this joint. Small wonder
hat superficially it would appear hopelessly
omplicated! This wide variety of paths is
Kewise the reason why it is hopelessly im-
ractical to use the mouth as an articulator.
Towever, if we do but two things—Ilocate the
'pening-closing axis of rotation of the con-
yle and reproduce the paths which it fol-

Axes of Movement 7

lows—then we can recombine them to re-
produce every path of motion of which the
mandible is capable.

AXES OF MOVEMENT

It is evident that we must locate this
opening-closing axis of the condyle before we
can trace its path. The vertical-sagittal com-
ponent of mandibular movements takes place
around a horizontal axis known as the hinge
axis. The horizontal-sagittal component of
mandibular movement is around a vertical
axis (center of rotation) which intersects the
hinge axis in the condyle. It is not at some
imaginary place behind the condyle. The
vertical-horizontal component of mandibular
movement is around a sagittal axis which
intersects the hinge axis at the same point as
the vertical axis does.

Since the mandible is capable of being ro-
tated in three planes simultaneously, the
point of intersection of these three axes is
the center of the rotary movements of the
mandible during function. This center of ro-
tation moves during function and, as we will
see later, one of the requirements in “trans-
ferring the patient to an articulator” is to
locate this center and record its possible paths
of motion during function. Because the man-
dible makes both right and left lateral excur-
sions, which are three-dimensional, there are
two centers of rotation, one in each condyle.
Connecting the point centers in the two con-
dyles by an imaginary line creates the hinge
axis of the mandible and locates the center of
rotary motion of the mandible in the sagittal
plane. Since the hinge axis is located in the
mandible, the hinge axis goes wherever the
mandible goes and is the center of the rotary
component of the arc of closure around
which the mandibular cusps are moving when
they meet the maxillary cusps in every tooth-
contacting position of the mandible.

The center of rotation is the point around
which the working condyle rotates in lateral
excursion. It is the relation of the cusps to
the center of rotation which enables them to
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travel around each other in a circular path
so that, as they pass, their contacts do not
create lateral stresses. The center of rotation
travels with the mandible and is the center
about which horizontal motion takes place in
every movement of the mandible, including
every level of mandibular hinge opening. The
Bennett movement is the path of travel of
the center of rotation across the glenoid
fossa, as the condyle is rotating while it is
gliding across the fossa. In other words, as
the condyle and the meniscus on the balanc-
ing side return along its path to its starting
point, the working condyle is gliding across
its fossa, likewise returning to its starting
point. This path of the working condyle is the
Bennett movement. It has nothing to do with
the opening or the closing of the mandible,
since they are brought about by rotary mo-
tion in the lower ball-and-socket compart-
ment while the Bennett movement occurs in
the upper gliding compartment. Thus, the
center of rotation can follow the same path
across the fossa at any mandible opening,
with or without tooth contact.

The Bennett movement is a bodily side-
shift of the mandible, accompanied by rota-
tion of the working condyle, as the balancing
condyle moves down, forward and inward.
The chewing stroke is a return path, with the

Fic. 1. The condyle can
rotate in 3 planes simultane-
ously.

teeth closing in lateral and returning to and
through centric. As a result of this side-shift,
the path of the balancing condyle is different
than when it is straight protrusive. The bal-
ancing path is usually, though not necessarily,
steeper than the protrusive path. The dif-
ference in these paths requires a “broken
axis” on the articulator. A broken axis is
necessary because the movement of the cen-
ter of rotation usually is not in the direction
of a straight projection of the hinge axis dur-
ing lateral excursions.

The difference between these paths,
coupled with the side-shift, constitutes the
path of the Bennett movement. The amount
of the Bennett movement—that is, how far
to the side it shifts—is likewise a determining
factor.

Most important is the timing of the Ben-
nett movement, that is, the rapidity of the
side-shift with relation to the backward or
the return movement of the balancing con-
dyle. The effect on the teeth of a given path
and amount of Bennett movement will de-
pend upon whether the side-shift occurred
close to centric or required the full lateral
excursion to complete it. Usually the Bennett
movement occurs rather rapidly, close to
centric, during the lateral excursion. But, in
any case, the Bennett movement cannot be
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FiG. 2. Connecting the centers forms the
hinge axis.

Fic. 3. The hinge axis is the center of the
considered only with relation to the path of closing rotation.

the working condyle. It must be related to
the paths and the timing of both condyles.

PATHS OF MOTION

As the working condyle rotates and glides
across the fossa, the mandible is passing
simultaneously through three planes. To ac-
complish this, as Hjortso has shown in his
film on this joint, the condyle must be rotat-
ing around three axes at right angles to each
other. Because this is a simultaneous action,
these three axes (shown in Fig. 1) must
coincide at a point center. As shown in Figure
2, connecting these two centers—one in the Fig. 4. The hinge axis in latera
right condyle for right lateral movements and exeursion. ‘
one in the left condyle for left lateral move-

FiG. 5. The opening and the closing arcs
are not alike.
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ments—with an imaginary line forms the
hinge axis of the mandible. Closing rotation
to tooth contact (Fig. 3) takes place around
this axis. The action takes place by rotation
of the condyle on the meniscus. The condyle
and the meniscus are joined by the capsular
ligament and are moved simultaneously by
the external pterygoid muscle. So, wherever
the mandible moves the axis moves with it
(Fig. 4) and is the center of the arc of closure
in every tooth-contacting position of the
mandible.

This rotary closing action is always corm-
bined with gliding of the meniscus. As the
condyle is rotating the meniscus is gliding
(Fig. 5), so that the resultant path of the
mandible is a parabolic curve. These com-
bined two actions produce an axis at the
angle of the mandible. This is the axis upon
which Monson based his repositioning of the
mandible. This combination is always dif-
ferent in any two successive openings, so
that Monson’s axis changes with each open-
ing. It is not a fixed, locatable axis. More
important, the closing path is not the same

as the opening path. On closure, the action is
reversed. This is what produces the classic
“tear drop” pattern of the chewing cycle.
On the return stroke, the axis would be at
some imaginary position in space above the
skull.

These paths are not successively alike be-
cause the human mandible does not have a
single fixed path of motion. Varying amounts
of rotation can be combined with various
paths of the meniscus. Rotation with rela-
tively little lateral movement of the condyle
would result in a path with more vertical
component. Lesser rotation with more lateral
movement would result in a more nearly
horizontal path. This great variety of irregu-
lar paths, resulting from various combina-
tions, creates the need for cusps on teeth
which will be harmonious for any combina-
tion without inflicting injury.

The lower teeth embedded in the mandible
are in constant fixed relation with the lower
joint with its hinge axis. The upper teeth
and the glenoid fossa, which control the paths
of the meniscus, are fixed in the skull. Thus,
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the relation of the upper and the lower teeth
to each other in any position of the mandible
is determined by the relation of these two
compartments of the joint to each other.

Positions of the mandible which bring
about these changing tooth contacts, as the
condyle rotates to closure on the axis, résult
from three basic paths of the condyles. In
a simple protrusive path, as seen in Figure 6,
viewed from above at “A,” both condyles
move forward. Seen from in front at “B,”
they also move downward, because, as seen
at “C” and at “D” in the sagittal plane, the
slope of the eminentia carries the condyles
down a curved path over the tubercular
eminence. This protrusive path has resulted
in changing positions of the hinge axis, as
shown by the dotted lines.

LATERAL PATHS

In lateral excursion, one condyle, referred
to as the working condyle because this is the
chewing side, is rotating, while the other, the
balancing condyle, again moves forward and
down. The working condyle, as shown in
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Lateral Paths 11

Fia. 7. In lateral excursion the working
condyle moves out.

Figure 7, is not only rotating; it is also gliding
across the fossa in a different path. This
lateral path of the working condyle is the
Bennett movement, We must remember that
what Bennett observed was this combined
action of rotation and translation. Like the
opening path, this is a combined action
which, for any given stroke, would result in a
center Jocated somewhere in the skull behind
the condyle. But, as with the opening action,
it is different for each lateral movement, de-
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FiG. 8. Lateral paths of the hinge axis.
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and around each other without bumping and
colliding. As the working condyle moves

F16. 9. The balancing path of the condyle
is usually steeper.

pending upon the degree of rotation and the
amount of translation. As before, it is merely
a changing relation of the two compartments,
and, as before, it can be reproduced by locat-
ing the center of rotation and the path which
it follows. Technically this would be referred
to as a part of the condyle path, but it is
convenient to express it in separate terms as
the Bennett movement since it has a different
result on the form and the relation of the
occlusal surfaces of the teeth. This Bennett
movement enables the cusps to pass between

s of
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laterally, the balancing condyle, as it comes
forward, must also move inward along a dif-
ferent path from the one that it followed in
protrusive excursion.

As seen in Figure 8, the hinge axis now fol-
lows different paths than it did in protrusive.
Seen from above at “A,” on the working side
the axis has moved laterally and has rotated
at the same time. On the balancing side, it
has come forward and medially. However,
as seen from in front at “B,” when the work-
ing condyle moves laterally it usually does not
move straight out on the line of the axis in
centric. As it moves out, it also may go up
or down. As a result, the balancing condyle,
viewed in the sagittal plane at “C,” follows
a different path than it did in protrusive, This
difference results from the Bennett move-
ment. Usually, although not invariably, as
seen in Figure 9 from in front, this balancing
path is a somewhat steeper path of similar
curvature. The amount of the Bennett move-
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Fic. 10. The paths of the hinge axis are not the same in the other lateral
EXCursions.



Fic. 11. An intermediate lateral pro-

trusive.
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Fig. 12, The paths of the cusps around
the center of rotation.

ment is limited by the ligaments and the inner
wall of the glenoid fossa on the balancing
side.

‘When the action is reversed, the other side
becomes the working condyle. The actions
are similar, but the paths are always dif-
ferent. The two sides are never symmetrical,
nor are the paths ever identical. Figure 10
shows all these paths from centric. At “A,”

Lateral Paths 13

Fic. 13,
changes the center of rotation.

The Bennett movement

trom above, the condyle which was the bal-
ancing side in the previous illustration, has
now become the working condyle. As it
moved laterally, it followed a different path
than the other condyle did when it was work-
ing. As it moves laterally, it may also go back
or forward. At “B,” from in front, this re-
sults in a different vertical path of the man-
dible. Likewise, at “ID,” in the sagittal section,
this results in a balancing path different from
that on the other side.

To recapitulate, every path of the man-
dible results from combining these three basic

Fi6. 14. The verti- v /
cal effect of the Ben-
nett movement.
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Fi1c. 15. Relation of the balancing path
to the cusps.

Fia. 16. The paths of mo-
tion of the lower cusps on the
upper teeth.

paths of each condyle with the varying de-
grees of rotation in the lower compartment.
Extreme lateral protrusive is a path inter-
mediate between an extreme lateral excur-
sion and a pure protrusive path. Any lateral
protrusive would result from both condyles
moving forward (as shown in Fig. 11) and
at the same time shifting to one side in a full
Bennett movement.

PATHS OF THE TEETH

The horizontal paths of the cusps, as the
working condyle rotates, are seen in Figure
12. On the working side the cusps travel
buccolingually; on the balancing side the
upper lingual cusps pass distolingually
(Chap. 16). In order to pass without col-
liding (Fig. 13), they must be properly re-

tion of the upper cusps on the
lower teeth.

lated to the position and the path of the
center of rotation in the Bennett movement.
Simple rotation, as shown by the center of
rotation in its medial position, would result
in a path from that center. Rotation in the
extreme Bennett movement would result in a
path from the center in its extreme lateral
position. The cusp must be able to follow the
path shown by the dotted line, which results
from the movement of this center.

The vertical relation of the Bennett move-
ment is shown in Figure 14. The slope of the
cusps must be such that they do not ride up
on each other. The lines of travel shown on
the working side are the sides of the cusps as
they pass each other. When this now be-
comes the balancing side (Fig. 15), the bal-
ancing cusps, rotating around the working
condyle as the balancing condyle moves down
and forward, travel around each other.

The horizontal path of the lower cusps
(Fig. 16) shows how they pass between and
around each other. On the working side, the
tips of the lower buccal cusps glide across



the marginal ridges and through the sulci of
the upper teeth. On the balancing side, the
inner slope of the lower buccal cusps slides
past the inner slope of the upper lingual
cusps. Meanwhile (Fig. 17), on the working
side, the upper lingual cusps pass across the
marginal ridges and the sulci between the
lower lingual cusps.

It is the co-ordination of these paths of
motion of the teeth with the paths of motion
of the joints which determines whether the
teeth are physiologic remedies or pathologic
foreign bodies. This is discussed in further
detail in Chapter 16 on Articulation of the
Teeth and Chapter 17 on carving.

PRACTICAL SIGNIFICANCE

The practical significance of all this lies
in its -application to the use of an articulator
as a prosthetic tool. It possesses no magic
powers to do anything for anybody. It is
devoid of blood supply and muscles. It is as
good a tool as the knowledge and the skill
of the operator, and no articulator auto-
matically will create the functional tooth con-
tact of the patient merely by having models
mounted in it by any method, hinge axis or
no hinge axis. We cannot deal with one
compartment of the joint and ignore the
other. Because failure to obtain a correct
centric bite must lead to complete failure,
no matter what else is done, many have come
to believe that a good centric bite is all that
is needed. It is quite true that the results of
a good centric bite can be quite breath-taking
compared wtih the hopeless results without it,
and it is an absolute essential to real treat-
ment, but it does not follow that it alone is
adequate.

The object of any articulator mounting is
to establish on a mechanical instrument the
same relation of the teeth to its axes that
the teeth in the mouth occupy to the axes of
the condyles. Since the condyles and the
axes are part of the mandible, the axes and
the condyles of the articulator must be part
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of the lower bow. The Bennett movement is
the path of the axis or the center of rotation
of the working condyle as it is rotating while
its meniscus glides across the fossa. It is the
power movement of tooth contact, and the
center of rotation is likewise in the condyle.
Thus, the intercondylar distance must be ad-
justed to reproduce the relation of the centers
of rotation to the mandibular teeth so that
they can pass without colliding.

The paths of the meniscus on the glenoid
fossa are constant to the upper teeth regard-
less of the position or the opening of the
mandible. The object of any articulator set-
ting or adjustment is to reproduce on a
mechanical instrument the paths of motion
of the axes of the patient. So the condyle
paths must be an integral part of the upper
bow of an articulator. These paths must be
adjustable to reproduce the angle, the curva-
ture and the lateral paths of the glenoid
fossa, which are never alike in any respect on
the two sides. They must, of course, be ad-
justable to the intercondylar distance and to
the Bennett movement of the mandible.

Such a genuine anatomic joint articulator
can reproduce every contacting position of
the teeth and guide the cusp forms and rela-
tions that are necessary to maintain stability
of the teeth, be they periodontally involved
natural teeth or a full artificial substitute.
With working models made from a single im-
pression accurately mounted on such an
articulator, which will reproduce the actual
anatomic relations, the operator, figuratively
speaking, can put the patient on the labora-
tory bench. Then he can delegate to the
technician a major part of the work so
tediously and unnecessarily performed at the
chair. The economy, and the time and the
energy conserved by the intelligent employ-
ment of a genuinely anatomic articulator far,
far outweigh the relatively insignificant time
and energy required to master its use. It can
make true rehabilitation a routine dental
practice.



Chapter ?)

Biomechanics

Dentistry in general (and periodontia in
particular) today stands acutely in need of
a practical, rational philosophy based upon
a biologic concept of the whole mouth, a bio-
mechanical basis for dental practice. This is
not some abstract acadernic problem, but a
practical one that a dentist must solve if he
would avoid confusion and failure.

Philosophy should comprise an under-
standing of the causes leading to any given
effect. We are not concerned here with the
technic for performing any given operation,
but rather with what operations are required
to make dentistry a healing profession. We
seek an understanding of the relation between
the mechanical procedures of dentistry and
the biologic phenomena occurring in the tis-
sues of the jaws, to the end that the dentist
may in a very real sense be a physician to
the mouth rather than a repairman dealing
with a Jot of static, unrelated pieces of inert
matter.

The lack of such a philosophy is the most
acute, far-reaching defect in dental practice
today. It casts its lengthening shadow over
the entire future of dental practice, colors all
the future planning for dentistry and tinges
our relations with allied professions. Because
of its lack, dental thinking wanders aimlessly
from one technic to another, from one mate-
rial to another, in an endless search for a
cure-all, without ever visualizing the real
problem. Technic and materials are the tools
of dentistry: they are useful only as a means
of fulfilling our biologic objectives.

Scientific discussions and research in den-
tistry concern themselves very largely with
dental caries. Clinics and papers on restora-
tive dentistry concern themselves largely with
the problems associated with the “fit” of den-
tal appliances and with caries. Dentists in
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actual practice think and act largely in terms
of fit, and, from the standpoint of preventing
loss of teeth from caries and from lack of fit,
our knowledge today is adequate. If the prob-
lem of maintaining healthy mouths were sim-
ply a question of dealing with dental caries
and proper-fitting replacements, we could
prevent the loss of most teeth that are affected
by these factors alone. Failures in this respect
are due largely to carelessness or to the oper-
ator’s not using the knowledge we have. If,
tomorrow, we were suddenly to discover the
cause of and how to prevent dental caries,
we would still have to deal with diseased
mouths and loss of teeth, but the majority
of dentists would not know what to do.

The fact remains that, even with dental
caries as widespread as it is today, more teeth
are lost from periodontal disease than from
caries. Therefore, it is readily apparent that
the real problem of the practicing dentist is
not dental caries, but the preservation of the
supporting structures to prevent the inroads
of periodontal disease. And those measures
which, taken in time, could prevent the break-
down are the same measures which the perio-
dontist must take if he would bring about the
cure of a sick mouth so that nature’s own
metabolic processes can maintain that mouth
in a state of health.

Fundamentally, of course, we are depend-
ent upon nature’s metabolic processes to
maintain the health of the mouth. But there
is a direct and definite relation between the
mechanical procedures of dentistry and the
metabolic activity of the adjacent structures.
So, first, let us try to view dentistry as the
treatment of a dynamic, living mouth.

Bacteria are not the cause of periodontal
disease. If they were, all of us would be sick
all the time. Bacteria produce the symptoms



* various diseases. In the mouth, they pro-
1ce the symptoms which we call periodontal
sease. By symptomatic treatment, the
imination of the local irritating factors, the
se of various antibacterial measures, and
aysical therapy with the toothbrush and
milar devices, we can produce the appear-
ace of health in the tissues. But the loss of
one and the formation of a pocket were
hat brought about the local irritating fac-
rs. Unless we deal with the original causes
»r the formation of the pocket, even though
e combat the symptoms of infection and
\aintain the appearance of health, the teeth
ill be lost. That is what we mean by treat-
1ent of the whole mouth.

METABOLIC ASPECTS

Fundamentally, the health of any tissue
epends upon the ability of the nerve and
1e blood supply to fill its metabolic require-
ients. But here is the important corollary:
1e metabolic requirements of any tissue are
etermined by its functional demands. Therein
es the crux of our functional problem.
‘he ability of the body to maintain any tissue
1 a state of health is related to function.
lere is the answer to occupational disease
nd physical therapy, and the basic reason
o the existence of any specialty of medicine.
. is the peculiarities of the functional prob-
:ms of dentistry which set it apart from the
ther specialties.

The relation between metabolic ability and
setabolic demands is a factor in the course
f disease. If the functional demands are
1 excess of the metabolic level, tissue disease
1ay follow. That is the kernel of the func-
onal aspects of the dental problem. That
i the basis of various occupational diseases,
nd, in a very real sense, dental disease is
n occupational disease. When a large num-
er of people are engaged in an occupation
‘hich requires constant use of some part of
1e body, some of those people will develop,
1 varying degrees, an occupational disease
‘hich is peculiar to that trade. The reason,
{ course, is that the metabolic requirement
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created by the functional demands upon that
particular part is beyond the metabolic
ability of some of the people concerned. The
varying degrees of metabolic deficiency de-
termine the varying degrees of the occupa-
tional disease. The changes in metabolic
activity that come with age determine how
long the functional demand can be main-
tained without disease. For the same reason
that not all people engaged in the same oc-
cupation develop the same occupational dis-
ease, not all mouths in the same function
develop the same periodontal disturbances.
This provides us with an explanation for
many puzzling things that we have all seen:
Some mouths in very bad malfunction do not
break down while others with much less mal-
function break down badly; the most careful
tooth-grinding in the world can never be
wholly successful, yet various methods pro-
duce varying results; dietary treatment has
varying results; there are many hazy systemic
factors; fairly simple restorations of function
sometimes produce favorable results; we ob-
tain varying results with even the best func-
tion; the effects of bruxism are variable.
Every dentist knows that a very important
determining factor is the amount of bone that
is left around the tooth. Have you ever
stopped to wonder exactly why that is true?
If it is not a problem of function, then what
difference could the amount of bone make?
There is no other possible explanation:
whether we realize it or not, it has been
firmly established that the problem of main-
taining healthy supporting structures requires
a consideration of function. In the sense that
it is related to the metabolic problem, the
man who seeks relief in external factors is
partly correct, but that should be kept in its
proper perspective as a means of treatment.
Theoretically, there are three courses open
to us. We might use any one or all three.
First, we might invade the field of endo-
crinology and try to produce a more favorable
balance in metabolism. There are many rea-
sons why that is too dangerous a course to
consider as a routine practical measure.
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Second, we could try to build up the meta-
bolic constituents of the blood. That is per-
tectly practical, within the limits of our
present knowledge of what those factors are.
Indeed, we must give it all possible considera-
tion. Obviously, anything which affects the
health of the entire body will be reflected in
the mouth. We cannot deal with dental prob-
lems as though they were entirely separated
from the general health. But, by that same
token, the metabolic constituents of the
blood enter into our consideration only to the
extent that they influence all the tissues. The
degree of success that we can attain by build-
ing them up is limited by the amount that
metabolic ability falls below functional de-
mands. And they would be useful to us only
to the extent that they are required for the
health of the whole body. But what about the
vast majority of people whose metabolism is
just not equal to the excessive functional
demands of the mouth? Here we can get into
an endless discussion about what we con-
ceive to be health, or if there is such a thing
as a perfectly healthy person, which is very
likely to throw a smoke screen over the whole
picture. If we can look through to the heart
of the problem we can see that we have but
one logical approach: our constant aim, the
basic consideration upon which all our tech-
nical procedures must be predicated, must
be to create and maintain the best possible
function. We know that the more perfect the
function, the less the metabolic requirement.
In spite of our best efforts, the metabolic
ability is bound to fall as a person ages. But
the more perfect the function, the lower it can
fall and the longer it will be before func-
tional demands exceed metabolism.

There is much more that could be said
on this subject, particularly with regard to
the relation of functional disease, to growth
physiology, maintenance physiology, age
changes, psychosomatics and a host of other
aspects. We have only scratched the surface.
We are only attempting to show that there
is a connecting link between the mechanical
procedures of dentistry and the health of the
supporting structures. But that does not an-
swer our problem. On the contrary, it only

shows us why it is so important that we learn
the correct answer to the real problem: What
is the most perfect function? If we can rec-
ognize the fact that the health of the mouth
is directly related to the function of the
mouth, that the better the function, the
longer metabolism can maintain it, then
surely we must see that our real dental prob-
lem does not lie in the field of medicine, but
rather in the mechanics of function. We
must first understand what is theoretically
perfect function and then make our compro-
mise approach as close to that as possible
within the physical limitations imposed upon
us, in the hope that nature’s metabolic
processes will provide the necessary toler-
ance.

ORAL PHYSIOLOGY

The most difficult problem that we face in
any discussion of dentistry as treatment for a
sick mouth is the lack of a general concept,
by dentists as a group, of the relation of oral
physiology and anatomy to our actual prac-
tices. Anatomy is usually shrugged off as
something we learn in college and then
promptly forget. Besides, what in the world
has it to do with patching holes and bridging
spaces? Frequently we hear from the lecture
platform high-sounding phrases about the
physiologic factors of the mouth. The speech
is always above us, but we all derive a glow
of satisfaction and pat ourselves upon the
back because we are members of a learned
healing profession. But when Mrs. Jones
comes into the office as a patient, we forget
all about it, for it has no practical application
to our routine daily work.

Anatomy is the dynamic form and the re-
lation of parts which make physiology pos-
sible. These two must always be considered
in-their inseparable relation to each other
and to the practical problems of routine daily
practice.

Unfortunately, not only do dentists gen-
erally not possess the know-how of oral
physiology, but most of them do not even
understand what we mean by the term. When
dentists speak of biologic factors, they gen-
erally start talking in terms of the general



emistry of the body as it applies to all the
aling arts. They think about such things as
yod counts, urinalyses, calcium metabolism
d similar medical problems. It is quite true
at all these factors can and do exert an in-
ence upon the health of the mouth, par-
ularly with regard to diet and avitaminosis.
We cannot ignore these factors. The mouth
a part of the body and, obviously, any-
ing which affects the health of the whole
ganism will be reflected in the mouth.
7 that same token, the degree to which
ose factors can enter into the health of the
outh is subject to the same influences that
termine how much they will affect any
her organ of the body. And that is where
v problem differs from the general medical
oblem: there begins the biologic problem
sich is peculiar to the practice of dentistry.
10se dentists who merely try to ape the
tysician with drugs and diets and vitamins
n never bring about a permanently success-
I result, because these things are not
wough. The degree to which these can help
determined by the physiology of the mouth.
is the relation between these factors and
e mechanics of tissue pathology which con-
itutes our routine daily dental problem.
Our ability to save teeth that under less
illful treatment would have been lost has
sulted in the anomalous condition that in
1 alarmingly large percentage of cases we
e actually doing the mouth more harm than
od. For what we are doing is preserving
smfortably diseased teeth, which are a slow,
sidious menace to the health of the patient.
ideed, so accustomed have we become to
iiversally diseased mouths, and so little do
¢ know about them, that, like the common
old, they have become a part of our daily
/¢s. Not until pathology has become gross
1d the disease well-nigh beyond hope does
e dentist give it serious consideration. One
" the strange reasons for this lies in the fact
at dentists themselves do not genuinely ap-
‘eciate the importance of the mouth as a
tal organ of a healthy body. We pay lip
rvice to it, but deep down in our hearts we
‘¢ not truly conscious of it in our daily
ork.
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Broadly speaking, with respect to the part
that teeth play in mouth function, we have
two opposing schools of thought. On the one
side we have those who believe that the teeth
themselves rule the entire organ and, at the
other extreme, those who believe that they
exercise no control. I personally believe that
the teeth are simply a harmonious part of
the machine, working in conjunction with it
as equal partners in a co-operative enterprise.
They are neither the masters nor the servants
of the temporomandibular joint; they share
equal responsibility and equal control. In
short, we cannot put whatever teeth we like
into a mouth and expect that mouth to adapt
itself to them, but neither can we neglect to
create tooth forms which will exercise the
measure of control in function that is neces-
sary to the proper co-ordination of all these
parts. The teeth must all share this control
equally and in complete harmony with each
other as well as with the rest of the organ.

The functional forces involved in chew-
ing with cusps are the biologic factors which
are peculiar to the practice of dentistry,
which set it apart from the other specialties
of medicine. They are true biologic factors
because they counstitute the functional de-
mand which determines the metabolic level
required to maintain the tissues of the mouth,
They determine whether dental treatment is
a restorative remedy or a foreign body to be
thrown off; whether or not our mechanical
devices are biologically sound.

BIOMECHANICAL PROBLEM

Our problem then is biomechanical. Den-
tal treatment by its very nature must be
mechanical, but that does not mean that it
cannot be biologic. The surgeon, the oculist,
the physical therapist all employ mechanical
means, but always with the biologic objective
of restoring and maintaining function. The
problem we face is much more intricate than
theirs. All mechanical replacements must
exert leverage of one type or another on their
supporting and opposing structures. Since it
is a fact that by the time treatment can be
undertaken some degeneration usually has
taken place, it is all the more important that
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FiG. 19. Restoration of the case
shown in Figure 18.

replacements be in biologic harmony, so that
nature’s healing process can come to our aid.
We may be able to correct deformities, to
supply some of the things which nature has
failed to supply, but we can never neglect the
maintenance physiology of the body as the
basic requirement of a healthy mouth. Here
then must be our basis of dental practice, if
we would create and maintain healthy func-
tioning mouths and avoid the otherwise in-
evitable set of full artificial dentures, What-
ever mechanical procedures are indicated in
a particular mouth must always be predicated
upon the maintenance physiology of the in-
dividual. In whatever oral treatment the diag-
nosis shows to be necessary-—tooth repair or
tooth replacement or tooth removal—we
must be guided in our prescription by the
mechanics of tissue function that are required
to permit that maintenance physiology to
operate. Unless the mechanics of tissue pa-
thology receives adequate attention, the de-
generative process will continue, with the
ultimate loss of teeth, regardless of the local
condition of the soft tiSsues.

For many years, discussions among den-
tists who have devoted serious study to the
mouth have centered around the relation be-
tween form and function. On the one side,
we hear arguments to prove that form creates
function and, on the other side, equally logical
arguments that form is the result of function.
There is no means of knowing which is cor-
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rect and, as a matter of fact, at the moment
it is largely an academic question from a
practical standpoint. All of them agree that
there must exist a harmony between form
and function, and one clinical fact is firmly
established beyond the shadow of a doubt:
for the natural metabolic processes of the
body to be able to maintain a healthy mouth,
the form of the teeth must harmonize with
the functions of the mouth. With that knowl-
edge, there is one short sentence to be memo-
rized: “The practice of dentistry is the science
of articulating teeth.” When examining a pa-
tient, look at the whole mouth; look at the
woods, not at the trees. When one sees ramp-
ant decay, and chronic gingivitis, and bone
destruction, and loosening abutments, and
dentures that will not stay put, and tender,
sore teeth, and is told of obscure facial pains
whose etiology does not seem clear, one
should look first at the function of the whole
mouth, not at the local condition. Gradually
one will begin to get a different view of den-
tistry, a clear, over-all picture of dental
practice, the cornerstone of which is: “The
practice of dentistry is the science of artic-
ulating teeth.”

PRACTICAL RESULTS

That this can be a very real factor in treat-
ment is illustrated by the roentgenograms and
the models shown in Figure 18 (before treat-
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FiG. 21, Progress of the disease.
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Fic. 22 (Top). Roentgenograms taken before and after stress.

F16. 23 (Bottont). Fixed bridges using the same occlusal restorations.

gent). The case presents a severe perio-
lontal problem with gross clinical symptoms.
}y a combination of rehabilitation and perio-
lontal therapy, it was treated as shown by
he models in Figure 19 (after treatment).
“he treatment was apparently highly success-
ul, as shown by the roentgenograms in
‘igure 20 (eight years after treatment). The
one picture had improved, as evidenced by
he lamina dura and the interseptal bone.
fome care and diet were both good.

Then, in 1956, there was a sudden and
lramatic change in the clinical appearance.
Uissues which for years had been firm and
wealthy became soft, spongy and bleeding.
’ockets opened and filled with debris. None
f the habits of life had changed, yet there
vas a radical gross change in the mouth.
‘inally it was learned that the patient had
’een projected suddenly into a situation of
reat emotional stress, which was a constant
lay-and-night problem and caused much

clenching and grinding of the teeth at night.
The first evidence of damage appeared in the
tooth least able to withstand stress, the lower
left first molar. As shown in Figure 21 A,
in January, 1957, there is evidence of slight
resorption on the distal root. In 4 months it
had progressed to the pulp (B) and the tooth
required capping. This was not successful, so
endodontic treatment was instituted 2 months
later (C). A new restoration was placed, but
6 months later the tooth had decayed from
the bifurcation up (D) and periodontally it
and the second molar had deteriorated
greatly.

Meanwhile, the upper left first molar had
likewise undergone a rapid periodontal
breakdown. The “before and after” roent-
genograms are shown in Figure 22. The first
molars were extracted and replaced by fixed
bridges (Fig. 23), using the same occlusal
surfaces.

As rapidly as it had come, the stress situ-
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Biomechanics

Fic. 24. Roent-
genograms  and
models made be-
fore treatment.

Fi16. 25. Roent-
genograms taken
1 year after flat
periodontal splint-

mng. L i . G

ation suddenly resolved itself, and at this
writing the clinical and roentgenographic
picture has returned to the status quo before
the situation developed. The important point
about this case is that, if treatment had been
started during the period of stress, the results
would have been influenced strongly by the
functional demands placed on the teeth by
the stress. The evidence that the case went
up, then down, then up again with the emo-

tional state leads to the conclusion that it was
a factor, but a difficult one to evaluate in
practice. There is no doubt that the emotional
state influences the course of treatment. It is
still too soon to tell whether or not the in-
frabony pocket on the second molar will
fill in.

Evidence that this can occur is shown in
Figure 24 (a case before treatment). In
June, 1951, the patient presented for treat-
ment. He had just Jost several teeth from
periodontal breakdown, and was about to

leave on an extended trip. He required im-
mediate temporary replacements. There was
not time to follow the usual course in these
cases, making registrations and carved, artic-
ulated temporaries. All the upper teeth and
the lower posteriors were prepared and
mounted on a plain-line articulator with a
centric bite, to construct typical, flat, tem-
porary periodontal splints. While these were
being constructed in the laboratory, registra-




Fia. 26, Roent-
genograms taken
16 months after
articulated - resto-
ration.

Fia. 27. Roent-
genograms taken
42 months after
articulated resto-
‘ration.

tions and impressions were taken for the
permanent work, in the expectation that the
patient would return in September.

Exactly one year later, in June, 1952, he
finally returned. It was apparent that he had
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FIG. 28. A recent roentgenogram
of the infrabony pocket.

undergone gross periodontal deterioration.
When the splint was removed, the upper left
first bicuspid came out in it. All the teeth
could be depressed in their sockets. The
roentgenograms shown in Figure 25 were



h check-bites.

¥ic. 29 (Top and botiom). Partial denture case and
roentgenograms taken before treatment in 1938.

Fro. 31. Roentgenograms taken 7 years after the
construction of partial dentures.




F1G. 32. Roent- [
genograms taken
3 years after ve- |
building the an.
teriors.

taken, and showed that the infrabony pocket

on the upper right second molar had ex-

tended beyond the apex of the tooth.

The prognosis indeed was not good, but,
since the restoration had been constructed,
it seemed that there was nothing to lose by
attempting to save some of the teeth. It was
remounted and adjusted. The teeth were so
loose that even the temporary cement would
depress them and prevent the restoration
from seating. Although this was against good
judgment, it had to be cemented with zinc
oxide and eugenol so that the teeth could
settle into the restorations,

Clinically the case began to improve. In
November, 1953, 16 months later, the roent-
genograms in Figure 26 showed a filling-in
of the bone. The restoration was removed,
and it was found that the teeth were much
less mobile. The infrabony pocket on the
upper right second molar had filled in ap-
preciably, It was recemented with zinc oxide
and eugenol and roentgenograms were taken
again in 1955, 2 years later (Fig. 27). A
recent film of the tooth (Fig. 28) shows ex-
cellent bone fill-in.

The case shown in Figure 29 was treated
in 1938 by the check-bite technic that is
described later in this book. The posterior
teeth were extracted, and partial dentures
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with attachments were constructed (shown
in Fig. 30). For physical reasons nothing
was done at that time about the anterior
teeth, except for conservative periodontal
therapy. In 1952, the abutment teeth were
holding surprisingly well (Fig. 31), but the
anteriors had degenerated greatly. It was
decided then to reconstruct the anterior
teeth. Since this was an edge-to-edge bite
with extreme mobility, it was decided to
splint the anterior teeth. The results in 1956
are shown in the roentgenograms in Figure
32. Note the remarkable bone regeneration
there,

All these roentgenograms were taken with
a long cone, using special film holders to po-
sition them as nearly alike as possible. The
exposures and the development were iden-
tical. It seems probable that, in cases of ap-
parent bone regeneration, not all the bone
is destroyed but to some extent it is “burnt
out” by the radiography. Actually, what
probably happens is a recalcification of bone
which is still present but not evident in the
roentgenogram. Nevertheless, it does appear
from both the roentgenographic and the
clinical standpoints that there have been
bone changes as the result of changing
functional demands and their relation to
treatment.



Chapter 4!

Periodontal Consideration

Roserr Karran, p.n.s.”

The complex alterations in epithelium,
connective tissue, bone and cementum that
physically become recognizable as periodontal
disease have been analyzed and classified by
various systems and treated by a wide variety
of operative procedures and medications.
Dentistry has been applying itself to the study
and the treatment of these tissue changes with
increasing concern, in a desire to reduce the
dental disease that these alterations repre-
sent and the tooth loss that all too frequently
plagues the patient, even the one under rou-
tine dental care.

Our patients are conditioned to the mor-
bidity and the mortality of the dental appara-
tus for those who do not scek dental treat-
ment. However, it is becoming increasingly
difficult for those patients whose faith in us
had led them to accept our dental treatment
to understand why they should become den-
ture candidates in their mature years, after a
steady succession of dental remedies. We are
searching constantly for facts that permit an
understanding of the seemingly infinite com-
bination of signs and symptoms of tissue
changes which characterize man’s dentition
throughout a lifetime. Surely a time will come
when we will well understand the process
of decay and the relationships of the me-
chanical, the chemical and the bacterial
stressor agents with each other, with the gen-
eral metabolism of the patient and with the
altered local metabolism in the periodontal
structures. As we accumulate these facts and
apply our knowledge, the treatment of caries,
periodontal disease, excessive wear of teeth,
shifting of teeth, dysfunction, and problems

* Taken from a paper presented at the Chicago
Midwinter Meeting, 1961.
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of pain, anxiety and even orally oriented neu-
roses, will be on a more rational basis than
is the present state of treatment in dentistry.

The change in the practice of dentistry
from a pure craft to a profession whose treat-
ment principles draw upon all knowledge,
complex or simple, is slow and painful. Natu-
rally, we are more enthusiastic in our search
for simplicity, expediency and practicality
and tend to turn away from the seemingly
complex. If fact and truth indicate simplicity,
it surely is not wise to search for the complex.
But if fact and truth lie in increased com-
plexity, our time and efforts must be spent
in understanding, not wasted in denying the
nature of the problem.

Can you imagine what progress there can
be in physics, chemistry, electronics and
medicine if the search for truth is compli-
cated by denial of the complexity of the prob-
lem? Yet the paradox is that, with under-
standing of the complex, come instruments
and technics that simplify and make possible
solutions previously considered unobtainable.

As an example allied to dentistry, just
think of an operation to correct a congenital
heart defect. Nothing about it can be called
practical in the conventional sense of treat-
ment, Sutrely a procedure which calls for
teams of highly trained physicians, tech-
nicians, nurses, thousands of dollars worth
of highly specialized equipment and hours of
intense and co-ordinated effort to accom-
plish what heretofore had been so complex
as to be considered impossible, is not prac-
tical. That is, unless you happen to be the
one with a now curable heart defect.

Pragmatism is the password today in
periodontal therapy, but if we are not care-



ful this will certainly slow down the accumu-
lation of facts that results in the fundamental
understanding of cause and effect in disease.
As an example, no one can deny that teeth
usually become tighter, for a time at least,
if they are all bound together so that force
applied in any direction on one root is re-
sisted by many other roots. But this gives no
inkling of how force can be distributed best
on 14 opposing individual teeth that have
overbite, cusps, interaxial contacts and other
apparently unfavorable relations to each
other. Philosophically speaking, one has to
hope for an inseparable union of all proxi-
mal contacts to prevent drifting and mobility
of teeth. On the other hand, a rational analy-
sis would seck to find out whether or not
there is an optimum co-ordination of teeth
and force that might prevent the need for
splinting.

THE ADAPTATION SYNDROME

As a background for analyzing the role of
occlusal rehabilitation in periodontal disease
treatment, it is first necessary to re-e¢xamine
periodontal disease in the light of studies
made in the past decade on the inflammatory
reaction. The majority of these studies have
been made by physicians and physiologists
and are not specific studies of dental prob-
lems. Paraphrasing the language of Hans
Selye, M.D., periodontal disease can be con-
sidered a local adaptation syndrome (L-A-S)
whose principal repercussions to topical stress
are confined to the immediate vicinity of the
eliciting injury.

These repercussions consist on the one hand
of degeneration, atrophy and necrosis, on the
other of inflammation, hypertrophy and hyper-
plasia. This L-A-S is the sum of all nonspecific
local biologic phenomena, including damage
and defense.*

Transferring this quotation to dentistry de-
mands that we consider these pathologic

* Selye, Hans: The part of inflammation in the
local adaptation syndrome in Jasmin, G., and
Robert, A, (eds.): Symposium on the Mechanism

of Inflammation, pp. 33-34, Montreal, ACTA, Inc.,
1953, ;
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changes in relation to the clinical diseases of
gingivitis, periodontitis, periodontitis com-
plex, periodontosis and traumatism. All these
are characterized by tissue changes classified
as degeneration, atrophy, necrosis, inflam-
mation, hypertrophy and/or hyperplasia.
These tissue responses are practically the
total of all supporting tissue changes, and it
becomes fascinating to consider periodontal
disease in the light of this co-ordinated phi-
losophy. Surely this permits us to consider
periodontal pockets as tissues which have
the clinical picture they present because of
both damage and defense. At present, Dr.
Selye feels that one cannot separate damage
and defense although he believes that the
phenomena of cellular degeneration, atrophy
and necrosis are predominantly injurious; on
the other hand, the function of the inflam-
matory granulomatous barricade is funda-
mentally a protective phenomenon which
shields the adjacent tissues against the irri-
tant. The local adaptation syndrome is con-
sidered to be a triphasic response, all details
of which undoubtedly are quite relevant to
the clinical picture of periodontal disease,
but the second stage—the stage of resistance
—seems to be the one most appropriate to
a discussion of periodontitis, gingivitis and
periodontitis complex. According to Selye
and others, tissues in this stage of reaction
exhibit interesting characteristics with regard
to what are called stressor agents or—more
familiar to us—Ilocal etiologic agents. Tis-
sues at this stage

become highly resistant to further treatment
with otherwise necrotizing doses of the particu-
lar frritant which was used to produce it, and
even exhibit a high degree of tolerance to sub-
stances which normally would evoke the forma-
tion of a h1st010g1cal]y similar type of response.
At the same time, a resistance of irritants which

nommlly would produce a different type of re-
sponse is significantly diminished.}

Apparently, a response to injury of one
type produces changes in the affected tissues
that cause them to lose the ability to adapt

i Ibid., p. 60,
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themselves to other purposes. In other words,
the adaptation to one local etiologic agent
alters the local tissue metabolism, so that it
is less resistant to another type of local etio-
logic agent applied to those tissues. This one
characteristic of the inflammatory response
so sketchily presented may well help to
clarlfy the tremendous variation in the clini-

cal picture, the rate of progress and the con-
sequent prognosis of gingival and periodontal
disease.

With this very sketchy background, the
role of occlusion in periodontal disease may
be evaluated. It is clear-cut and unquestloned
that improperly directed and/or excessive
force on a tooth is a pmmdly stressor agent
in producing an alteration in the tissues of
the periodontium, classified and described as
the dystrophic changes of traumatism. It is
also clear-cut and unquestioned that primary
stressor agents such as calculi, bacteria,
toxins and iatrogenic agents can evoke the
specific responses of gingivitis and even a
localized marginal periodontitis. The ques-
tions then become: Do you believe that the
adaptation of periodontal tissues to bacteria,
calculi, chemical toxins or iatrogenic agents
leaves them ill-equipped to resist the primary
stressor agent of excess and/or improperly
directed mechanical forces? Or do you be-
lieve that the adaptation of periodontal tis-
sues to mechanical force leaves the tissues
ill-equipped to resist bacteria, calculi, chemi-
cal toxins or iatrogenic agents? In any case,
both these questions reqmre copsideration.

Any gingivitis or marginal bone disease
has many unpleasant aspects and harmful
toxic effects systemically, but, from the stand-
point of tooth mortality, it is the progressive
apical advance of the disease that is serious.
It is control in one area, yet advance in an-
cther, that is serjous. It is the apparently
confrolled marginal disease that in a few
years becomes an advanced bone loss prob-
lem, following 0pe1ahve denustry or a pros-
thetic apphance that is serjous. It is in this
context, in its relationship to the progressive

nature of periodontal disease, that the con-
sideration of mechanical forces, as expressed

in occlusion, becomes of paramount im-
portance.

In rational therapy, the approach that does
not seem to be in keeping with the current
concepts of inflammation or with clinical
observation is that no consideration of occlu-
sion is necessary at any stage. Consideration
of occlusion is given, if at all, only in the
terminal stages of the disease, or after the
application of some formula as to how much
mobility teeth must exhibit, or how much
bone loss has to occur, before one dares to
consider the mechanical force factor on the
dentition to be a part of the clinical picture
and to allow for it in the treatment plan. The
approach that does not seem to be in keep-
ing with the current concepts of inflammation
is to treat only the occlusion without remov-
ing the other primary stressor agents respon-
sible for inducing the marginal tissue reac-
tions.

ROLE OF OCCLUSION

An occlusal reconstruction can now be
discussed from the viewpoints of its objective
and its characteristics. In a gnathologic sense,
the aims of reconstruction are the same as
those of optimum orthodontic therapy. They
are to create the maximally harmonious rela-
tionship that is possible between teeth, mus-
culature and temporomandibular joint, ac-
cepting as fixed those anatomic relationships
that are not amenable to change, and recon-
stituting and rearranging, by changes in tooth
contours and position, those factors that per-
mit alterations. The ideal is philosophically
similar to that in orthodontics. If temporo-
mandibular joint dysfunction is not present
before treatment, then it must not be present
following therapy. If it is present before treat-
ment, then the occlusal reconstruction should
be so arranged that it will rule out tooth rela-
tionships as a factor in the disease.

If muscle spasm and tenderness, referred
pain, and limited and un-co-ordinated move-
ment are absent prior to occlusal reconstruc-
tion or orthodontics, they must be absent
following therapy. If they are present before
reconstruction therapy, those aspects of the



problem related to malarticulation must be
absent following therapy.

If teeth are shifting position because of
vectors of force created by the existing mal-
articulation or the favored patterns of man-
dibular movement, and if excessive or uneven
wear of teeth has also occurred, an occlusal
reconstruction should create contacting rela-
tions which resist wear and restore the effi-
ciency of function by permitting those move-
ments that naturally result from uninhibited
muscle-joint relationships.

If bone loss has been progressive before
occlusal reconstruction, it should stop fol-
lowing occlusal reconstruction. Inherent also
in an occlusal reconstruction is the necessity
for repairing the ravages of decay, and re-
moving existing dentistry which is causing
marginal disease, not creating a marginal dis-
ease problem attributable to the new restora-
tions at the same time. This must be done
in a manner that is esthetically acceptable to
the patient. Of course, it should follow that
the patient will have fewer problems with the
entire oral apparatus, that the prognosis of
all areas of the dental apparatus is improved,
and that, as time passes, the patient will be
grateful for having received a needed health
service,

PHYSIOLOGIC REQUIREMENTS

With all this as the sought-for objective,
there is much more to occlusal reconstruc-
tion than providing a device for bracing
against traumatic forces. Ideally, an occlusal
reconstruction should be an effort at attaining
optimum dental health. It is dentistry’s effort
to secure physiologic articulation of the teeth
for the patient, in the belief that a patient
with a physiologic articulation is more re-
sistant to the other primary stressor agents,
has mitigated the traumatism factor and has
substituted physiologic stimulation. This
physiologic articulation (one which requires
the least adaptation for symptom-free func-
tion) has certain characteristics. The first of
these is a tooth arrangement which permits
the condyle-disk assembly to seat itself up-
ward during function. This tendency to seat
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itself during function is simply an effect of
the vectors of force resulting from the rela-
tion of origin and insertion of the temporal,
masseter and internal pterygoid, the open
position of the mandible, and the forward
and downward position of the condyle at the
start of muscular activity. Closely related to
this is the necessity for having tooth rela-
tionships which permit the condyle-disk as-
sembly to maintain this seated relationship
while executing the full Bennett movement,
combined with a unilateral descent and return
of the condyle in both right and left working
excursions.

A physiologic articulation of teeth har-
monizes with these relationships by having
its lowest vertical of occlusion in this ter-
minal hinge relationship, and maintains this
lowest vertical of occlusion during a border
excursion in both directions. In other words,
the cusps pass each other in this relationship.
Teeth which are positioned in such a way as
to interfere with this function in the condyle
seat become the crux of dysfunction and
traumatism problems. This is so fundamental
that all other considerations of tooth form,
cusp length, width of teeth, length of clinical
crown, overbite and overjet, plane of occlu-
sion, curve of Spee, and all other mechanical
considerations are secondary to it.

A patient showing clinically satisfactory
gliding relationships, with the teeth in con-
tact, will show entirely different tooth rela-
tionships when analyzed in relationship to
these seated condyle paths. This is the crux
of gnathologic diagnosis and treatment. A
physiologic articulation must at least permit
incision and shearing by the anteriors, with-
out posterior interferences that would pre-
vent these activities or would prevent a
braced relationship along the condyle paths.
But the border path contacts must be so
efficient as to discourage anterior thrusting
movements automatically. A physiologic ar-
ticulation should not make demands upon
the proprioceptive mechanism to modify the
optimum condyle relationships described
above by modifying neuromuscular activity.

Much has been made in recent years of
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this neuromuscular mechanism of proprio-
ception as a defender of the dentition. Of
course, one would have to acknowledge that
such a mechanism does exist. But clinical
observation would lead one to believe that,
like most bodily defenses, it is capable of
exhaustion, or is ineffective in the face of
either increasing demands on it by changing
occlusion or decreased capacity of the body
to adapt generally. To understand this we
have only to look at the practically universal
evidences of tooth contacts and traumatism
in adulthood. To predicate the treatment of
a weakened dentition on the assumption that
the patient can and will maintain this adapta-
tion for a lifetime seems a calculated risk.

A physiologic occlusal reconstruction rec-
ognizes that the natural tooth form of the
molars, the bicuspids, the cuspids and the
incisors, if properly co-ordinated to one an-
other and to the orderly movements of the
musculature and the temporomandibular
joint, is the ideal method for reducing the
functional demands on the supporting ap-
paratus. Thus, changing the excessive de-
mands of dysfunction to the stimulating and
beneficial effect of physiologic function per-
mits, in addition, increased resistance to the
other local stressor agents present in the
mouth, Of course, as has been pointed out,
optimum periodontal therapy would be that
therapy which permits physiologic function
and removes all local stressor agents, thus
permitting the supporting tissues to return
to health.

This has been a look at periodontal dis-
ease—occlusion interrelationships. To do
real justice to it would require experience
yet to be had, experimental evidence yet to
be obtained, additional years to observe past
efforts, an objectivity which a practicing den-
tist does not have. Even then, the role of
occlusal corrections in the treatment of perio-
dontal disease will never be the same to all.
The complex nature of the alterations in
epithelium, connective tissue and bone that
physically become recognizable as the symp-
tom complex called periodontal disease can

be approached from many different aspects,
all with some degree of success. But the
entire picture is incompletely understood and
poorly delineated, so that one must possess
open-mindedness to re-evaluate one’s con-
cepts and treatments constantly in the light of
the slowly increasing store of knowledge.

In the meantime, we are in the era when
extensive dental procedures are in vogue.
The restorative dentistry, whether called oral
rehabilitation, reconstruction, periodontal
prosthesis or full coverage splints, and the
gingival procedures, whether classified as
gingivectomy, gingivoplasty, mucobuccal fold
extensions or osseous resections, are treat-
ments that, at their best, can be a valuable
contribution to a patient’s well-being, but,
at the same time, carry the possibility of
physical and emotional as well as dental
havoc.

The golden rule should govern all dental
treatment. Especially in this area must we
decide whether or not we, as patients, know-
ing what we know of our own results with
these procedures, would want to have the
planned treatment. Even when the dental
treatment becomes thus defined, further
evaluation of the particular patient’s total
physical and emotional health often indicates
the need for modifying extensive dental treat-
ment to the advantage of the total needs of
the patient.
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Chapter 5

Mucostatics

Whenever sufficient natural teeth with ade-
quate bony support remain, the fixed bridge
is the restoration of choice for the replace-
ment of lost teeth. When it is necessary to
use a removable partial denture, it may be
assumed that it is used in the expectation that
it will receive support from the underlying
MUCOoSA.

A stable occlusion and a stable denture
base, full or partial, are interdependent: one
cannot survive without the other. In order to
maintain stable occlusal relationships, the
base must maintain what Dr. William Dykins
referred to as a “‘tissue-base constant.” The
base must rest immovable on tissue. For the
tissue to tolerate such a precisely fitted base,
the occlusion must be completely harmonious.
If the malocclusion twists and turns the base,
the tissue cannot tolerate it.

Every base in function becomes a muco-
static base, but usually not before it has
yielded enough under pressure to displace the
tissue until it comes into contact with the whole
base area: when pressure is released, the tis-
sue rebounds and, at first, the base rests in
contact only in spots. However, it is possible
to make a base which will be in perfect tissue
contact at all times.

THE MUCOSTATIC PRINCIPLE

In order to draw a true picture of muco-
statics, 1 am going to ask you to perform a
really difficult task. For the next few minutes
let us try to forget that we are dentists. Let
us forget that we have ever seen an impres-
sion or a tray or a compound or wax. In
short, let us forget all the accouterments that
have grown so dear to our hearts. Instead,
we are a group of scientists with an engi-
neering turn of mind, who have been pre-
sented with a brand new problem-—one we
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have never even heard of before. It seems that,
for unknown reasons, many people today lose
all their teeth. They are in dire need of some
way to chew. Some men known as dentists
have undertaken the making of artificial teeth
so that these unfortunate souls can get along
in the world. And most of them do just man-
age to get along. This is particularly true of
the lower dentures. For some reason they
seem to have a lot more trouble with those
lowers. As engineers we find that rather
puzzling, We are not dentists—we have never
seen the inside of an edentulous mouth; we
have never heard about suction and reliefs
and peripheral seals and tissue compression.
In our ignorance, we naively approach the
problem with no foreboding of the terrible
complications awaiting us.
BASE STABILITY

Still working from an engineering stand-
point, we must analyze the problem first.
What do we want to accomplish? Why, that is
very simple. All that we have to do is to make
a set of teeth which will be stable in function
at all times. It seems that that is the only re-
quirement. If the denture moves or is dis-
placed when the wearer is eating or talking
or Jaughing or sneezing, or using the mouth
in any other way, then it certainly is not
stable. Stability, then, is the sole objective of
a denture base. If we have stability, we auto-
matically have retention.

Now that we know what we want, our next
step is to find out how we are going to get it.
We take our first look into an edentulous
mouth. We see, roughly, where teeth once
stood, a U-shaped formation, an irregu-
larly rounded ridge in some spots and in
others fading out entirely to a concavity with
the cheek on one side and the floor of the
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mouth on the other. The whole area is cov-
ered with mucous membrane, but when we
feel it with our fingers we discover that
although it is quite firm and rigid in some
spots—apparently because there is just a
thin, dense layer of tissue over the remaining
jawbone-—in other spots it is all soft and
mushy. Evidently, on different parts of this
ridge (as we have learned that it is called),
the tissues are quite radically different in
their physical properties. Pouring over text-
books on biology, we learn some very inter-
esting facts about these tissues, They are
composed entirely of liquids and solids
which, for all practical purposes, are incom-
pressible. Yet, when we used our fingers to
push on this soft, mushy tissue we could see
it yield. Since it is 1ncompress1ble we know
that when we pushed it down in one place
(Fig. 33) it must have bulged in another.
But it also possesses the property of elas-
ticity. As soon as we removed our fingers
(Fig. 34), it sprang right back to the shape
that it had before we touched it. That does
not mean that it is rubbery. Rubber is com-
pressible, whereas tissue is not. But we can
displace tissue. So, each time we pressed our
fingers into it, we could displace it in one
place and cause it to bulge in another. The

Fic. 33 (Left)y. Coerced
tissue will distort but not com-
press.

Fig. 34 (Right). When re-
leased, it springs back.

rrouble is that, i order to make it bulge in
exactly the same way each time, we would
have to displace it exactly the same way
each time. Well, now, that is very interesting!
Let’s just file that in our minds for future
reference and see what else we can learn
from our biology texts. We find that tissue is
not only incompressible, but that it cannot
be stretched. It cannot be stretched because
it is integumentary. That is, if we grasped
this soft, mushy tissue, or the tissues of the
cheek contiguous to it, and pulled the tissue
(Fig. 35), then to some degree all the tissue
on that ridge would have to move. But again,
as soon as we release it, the tissue will return
instantly to its original position. So if, when
we get ready to make this base, we are com-
pelled to pull upon the peripheral tissues,
thmugh the medium of the cheeks and the
lips, then the base will have to exert an iden-
tical pull in order to fit the distorted tissues.
If, while we are taking the impression,
we happen to pull first in one direction and
then in another, we will be in trouble—it will
be impossible to produce a fit. So we have
learned that we must not cause the disten-
tion of the cheeks while we are taking an im-~
pression. When we say that tissue cannot be
stretched, that does not mean that its shape
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F16. 35 (Left). When tissue is pulled, contiguous structures move.

Fi1G. 36 (Center). Tissue fluids are confined in cells.
F16. 37 (Right). The passive base makes point contacts.

cannot be changed. We have just seen that it
can be, as long as the same pull is exerted
upon it.

TISSUE COMPRESSIBLITY

As we delve further into biology, we find
that this tissue is made up of minute cells
(Fig. 36), each of which consists of a nucleus
and a liquid that are held within a membrane.
As is true of the whole tissue, this membrane
cannot stretch. It can change shape under
pressure, but the volume of the cell does not
change. The liquid remains within it, and we
cannot squeeze it out except by actually
rupturing the cell. Therefore, the liquid and
the solid which compose the tissue are comn-
fined within a container and cannot be com-
pressed by any pressure we could use in the
mouth.

Briefly then, we have found that the foun-
dation upon which the base will rest con-
sists of a material which is elastic but not
rubbery, which can be displaced but not
compressed, and which, after being dis-
placed, will return immediately to its original
form when released; that it is integumentary,
so that when any of it moves, all of it moves;
that it consists of solids and liquids confined
within containers.

We started with the premise that we expect

to produce an artificial denture which will
be a good substitute for a natural set of
teeth. As engineers, we know that the oral
organ was designed to function with certain
forms of teeth and that, if we wish to attain
an equal degree of efficiency in function, we
must replace them with similar forms and
function. We know, further, that the natural
teeth were embedded in bone, not floating
around in soft tissue. And so, if we wish a
good substitute, it also must rest solidly in
place and not float around in soft tissue in
function.

Now that we have acquired some facts
about the problem, we are ready to consider
ways and means of solving it. First, it is
clear that the impression must be a micro-
scopically accurate reproduction of the den-
ture area. If it fits in some spots and not in
others (Fig. 37), when pressure is brought
to bear upon it the spots in contact will dis-
place the tissue (Fig. 38), and the base will
be depressed until it all comes in contact.
But if it is all in perfect contact, none of
the tissue can be displaced, and, since it can-
not be compressed, the denture base will be
as solid as the underlying bone. It is also ap-
parent that the impression must reproduce
the tissues in their perfectly passive form. If,
during the act of taking the impression (Fig.
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F16. 38 (Left). Under pressure, tissue adapts to the base.

Fi6. 39 (Center). An impression that requires pressure distorts tissue.
FiG. 40 (Right). When deformed tissue offers greater resistance, the impression material

flows under pressure.

39), any part of the tissue is displaced (Fig.
40), the base made from it will not be in
perfect contact with the tissues when it is
at rest in the mouth. Of course, as pressure
is brought to bear, it will displace the tissue
just as the impression did, until it finally
comes to rest in a solid position. But as soon
as pressure is released (Fig. 41), the base
will rebound. At first glance, this might not
seem too important if the amount of dis-
placement is small. But that brings us to
another aspect of the problem, which thus
far we have ignored: that part of stability
which is embodied in retention. While we
were pouring over those biology texts, we
happened to run across a very interesting
story about an old-fashioned practice known
as cupping. It seems that many years ago, be-
fore medical practice had achieved its present
place of eminence, many people used to go
to the village barber for treatment of minor
ilis. If he suspected infection, it was quite
common practice for him to use a little
alcohol to burn the air out of a cup and then
quickly invert it over the suspected area,
holding it down with a tight peripheral seal
as it cooled. This created a partial vacuum
within the cup and over the tissues encom-

passed by the rim. In a short time an active
hyperemia would ensue, resulting in an arti-
ficially created inflammatory process with all
the classic symptoms: rubor, malor and
dolor. Sometimes the process would be re-
peated several times wtih alternate intervals
of vacuum and release~—“‘intermittent vacu-
um” some call it—until finally the tissues
would break down. The barber, in his infinite
wisdom as keeper of the people’s health,
with a simple little glass cup had succeeded
in making the tissues destroy themselves.

RETENTION

Having carefully digested that, we can sece
that we must avoid a vacuum or suction and
a sealed edge, as a plague, else the base we
have so carefully produced will end up by
destroying its own foundation. And, un-
fortunately, it is a foundation which we can-
not readily rebuild. But, luckily, as engineers
we have a much better solution right at hand.
We know that properly utilized surface ten-
sion can be 40 times more powerful as a
retaining means than even a perfect vacuum,
yet perfectly harmless to human tissue. And,
by good fortune, in most mouths we have a
good opportunity to use it, particularly with
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F16. 41 (Left). When released, the tissue springs back, making the impression unstable.

FiG. 42 (Center). The thinner the surface-tension film, the greater the retention.
F16. 43 (Right). Flanges prevent sliding.

the nice flat lowers which have little or no
ridge to bother us. That is where we really
can get a nice, solid, retentive base and at
the same time nullify that great enemy, tissue
resorption. But the effectiveness of this sur-
face-tension film (Fig. 42) is inversely pro-
portional to its thickness. The greater the
space between base and tissues, the thicker
the film and the less the retention. By having
a flange so that it cannot slide on the tissue,
the base can maintain the perfect contact
that is required for surface tension to be ef-
fective. It is analogous to two glass slabs
with a film of water between them (Fig. 43)
and a flange on one to prevent it from sliding.
Surface tension resists the pulling apart of
the slabs, and the flange prevents them from
sliding apart. They are stable against all
forces. Now we see another reason why we
must avoid any displacement of the tissues
when we take the impression, even though it
may seem ever so slight. If that tissue, in at-
tempting to assume its natural form upon the
release of pressure, does cause a slight re-
bound of the denture base, it has destroyed
the surface-tension film, or thickened it to
the point where it is no longer effective. That

is the same accuracy of fit that we required
for stability. So we see that if we have one
we must have the other: stability and reten-
tion are the same. As part of our investiga-
tion, we naturally search through the litera-
ture to see what has been done in the past,
and here we find two very puzzling items.
For over a hundred years practically all the
efforts have been devoted to attempting to
create a partial vacuum between the base and
the tissues. In fact, we are shocked to learn
that that seems to have been almost the only
thing about which the prosthodontists con-
cerned themselves. What we have come to
think of as the retentive aspect of stability
they constantly referred to as suction, like
that of a vacuum cup. That really does amaze
us, because we know that tissue cannot pos-
sibly tolerate even a small vacuum for any
usable length of time. Yet for years that
seems to have been almost the sole concern
of the prosthodontists; there seems to have
been almost no serious effort to maintain
stability so that teeth could function with an
efficiency comparable with that of a natural
set of teeth. We find that particularly dif-
ficult to understand because, up to this time,
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as engineers, we have been most careful to
avoid suction for fear of destroying our very
foundation and losing that precious stability.
It seems strange that simple daily observa-
tion alone did not teach prosthodontists long
ago that denture retention cannot be main-
tained long by suction; that retention is com-
pletely automatic and unavoidable if the base
possesses true stability. There is nothing that
anyone needs to do about it. Indeed, there
is nothing that anyone can do about it ex-
cept fo fit the tissues just as they exist nor-
mally. We see constant references to all sorts
of seals—peripheral seals, valve seals, soft-
tissue seals,beaded periphery, peripheral roll,
postdams, vacuum chambers, temporary
vacuums, and even suction cups—that were
used in an effort to obtain suction. But we
know that all these things must be very
short-lived in the mouth, that in a short time
they end up by defeating themselves.

The other thing that puzzles us is the
repeated references to the functional posi-
tion of tissue or the physiologic form of the
ridge. Apparently that means that, as the
denture is in function, the tissues yield until
they arrive at a position and a form in which
they can resist the pressure being exerted
upon them by the base. The fallacy of that,
of course, is so obvious that it hardly merits
consideration. Since the impression used to
make the base distorted a lot of tissue, which
sprang right back, naturally the base, when
not in function, will be resting upon the tis-
sue only in spots. As pressure is brought to

Fic. 44 (Left)y. A
compound  impression
distorts tissue.

Fic. 45 (Right).
Upon release, the tissue
rebounds.

bear and function starts, the base will yield
until it also distorts the tissue just as the im-
pression did. It will stop yielding when it
finally comes into perfect contact with the
tissue. That must be true, or the base would
continue to yield until it reached the bone.
But, since the tissue cannot flow out of the
base and cannot be compressed, the base be-
comes stable at that point where it does make
contact. This functional or physiologic posi-
tion of the tissue is not its normal passive
form; it is something which the dentist
created artificially when he took his impres-
sion. So the base must be fluctuating con-
stantly between its rest position on the tissue
and the amount it must move to force the tis-
sues into perfect contact. How can we pos-
sibly articulate a set of teeth upon such a
floating foundation? Ordinary common sense
tells us that, since the denture does become
stable when it comes into perfect contact
with the tissue, if we make that perfect con-
tact with the tissue in its passive form, the
denture will be stable at all times, instead of
floating in a mass of soft tissue.

As scientists, we seem to have but one
approach. Our constant aim must be the con-
struction of a denture base that fits the pa-
tient’s mouth accurately just as it is. The
slightest variation from this, the smoothing
out of any tissue fold in the patient’s mouth,
constitutes a rough jamming of the patient
into an appliance, for what we are doing
is making the patient fit the base. Rudimen-
tary biology makes it clear that tissue de-



struction must follow., If a base will not
work when it has been fitted perfectly to the
patient, then it certainly cannot work when
the patient has been violently squeezed
into it.

Now it is clear to us why dentists have had
such a struggle over these denture bases, and
why artificial teeth have been such an in-
efficient substitute for natural ones. For years
dentists deliberately have been making ill-
fitting, tissue-distorting, destructive dentures
in order to produce some kind of a seal or
suction. Both require at least a partial vacoum
inside the periphery, which can be created
only by constructing a misfit denture. Other-
wise, there can be no vacuum space to make
a seal or suction effective., Misfit dentures
are destructive dentures. All that is com-
pletely incompatible with what we have
learned about the human mouth.

FiG. 46 (Left). Apparatus for
testing tissue distortion

Fi1e. 47 (Right). Under pres-
sure, the compound impression
deformed tissue.
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Fic. 48. A mucostatic impression of the
same tissue.

TESTING THE THEORY

To test the validity of these theories as a
practical procedure, we obtained a section
of shinbone from a freshly killed animal. The
tissue was dissected away from the side to
leave a cap of tissue, analogous to a section
through the mandible. Of course, it was much
larger in order to show the results more
effectively. Needless to say, the quantitative
conditions are magnified many times, but the
qualitative results are comparable.

A soft, low-fusing compound impression
(Fig. 44) was taken under conditions simi-
lar to those in the mouth, When pressure was
applied, the tissue yielded, as shown in
Figure 44. Upon release, it rebounded, as
shown in Figure 45. To obtain a comparison
of relative yield, it was placed in the ap-
paratus shown in Figure 46. This is the kind
of yield tester that is used by the Bureau of
Standards to measure the yield of elastic im-
pression materials. It was subjected to a load
of 6,000 grams, comparable with the chew-
ing force on such a denture-base area. The
amount of yield is recorded on the dial gauge
at the top of the column. The small dial
shows the number of complete revolutions of
the large dial. As we see in Figure 47, the
yield was a little more than three hundred
thousandths, or one third of an inch.

An impression was taken next (Fig. 48),
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Fic. 49. Upon release, it did not rebound.

using zinc oxide paste, likewise under con-
ditions comparable with those of a muco-
static impression. Upon release, it did not
rebound (Fig. 49). This likewise was placed
under a yield test with 6,000 grams. In Figure
50 we see the dial micrometer during testing.
When the load was applied, there was a yield
of three thousandths. There is this much yield
in the apparatus itself under this much load.
For all practical purposes the tissue was in-
compressible,

THE IMPRESSION

We see then that, for several reasons, each
operating independently of the others yet all
interrelated, we must take an impression with
absolute fidelity to detail of the denture area
and with absolutely no displacement of the
soft tissues, and reproduce it with equal ac-
curacy in the denture base. How are we to
go about this seemingly difficult task? From
a purely negative approach we can see sev-
eral things which we must not do. First, we
must not pull and haul and tug on the cheeks,
and we must not place anything in the mouth
which will bulge the cheeks while we are tak-
ing the impression, because, as we learned

before, the tissue is integumentary and we
will displace it all the way across the ridge.
So the cheeks and the tongue must be com-
pletely relaxed in their rest position and re-
main so throughout the impression period.
Second, the material which we use to form
this impression (Fig. 51) must not offer
greater resistance to flow than the softest
tissue with which it will come in contact.
Then, in order to have enough body to be
carried into the mouth but still to flow with-
out pressure, it must have a very low surface
tension. And, once in place in the mouth, it
must set hard so that it can be removed with-
out distortion and be replaced. It must be
as rigid as the base, so that it can be tested
for stability (Fig. 52), and sufficiently strong

Fia, 50. Testing tissue
distortion under a muco-
static impression.



Fie. 51 (Left). A
suitable impression
must offer less resist-
ance than tissue.

Fic. 52 (Right). It
must set hard in the
passive form of tissue.

that it will not be injured when a model of
the mouth is made from it. Furthermore,
since we are depending upon a thin surface-
tension film for retention, we must not have
any thicker film of saliva over the tissues
when the impression material makes contact.
Obviously, the impression material must be
a thin paste of some kind, so we must have
some means of getting it into the mouth. The
simplest way to accomplish that would be by
means of a small container, or a tray, pro-
vided that the tray is narrower than the area
to be covered by the impression, that it has
no handles or projections which could inter-
fere with the lips, the cheeks, or the tongue,
and also that there is enough space between
it and the tissues that it could not come
through the impression material and, by con-
tact, cause a displacement of tissue. It must
be light in weight. All these objectives can
be accomplished best with an individually
cast aluminum tray. This tray is not for the
purpose of forming the impression. It is
merely a vehicle to carry the impression ma-
terial to its place in the mouth. Once that is
accomplished, it has served its purpose.

Of course, in order to carry this tray into
the mouth, we will have to retract the lips
and so distort the tissues. But once it is in
the mouth and the retractors are removed,

The Impression 41

the impression is not forcefully pushed into
place. The patient has been coached to re-
main relaxed at all times and he does so
while the tray is held in the mouth over the
ridge. Then the fingers bolding the tray are
withdrawn, the cheeks and the lips are re-
laxed, and the material is allowed to settle
slowly and gently into place over the semi-
dried tissues. After the set impression is re-
moved, it will be seen to include impressions
of parts of the cheeks and the tongue, per-
haps even of the tonsils. This excess material
is carefully cut away, and the finished im-
pression is returned to the mouth to be tested
for stability. A certain amount of knowledge
about these impressions is necessary to tell
whether or not a really good impression has
been obtained. The impression should not
be grabbed hold of to see if it has enough
suction to drag the patient out of the chair.
That is really not what the patient is inter-
ested in. It may be dramatic, but it is not
dentistry. The patient is interested in only
one thing. Will it stay in place in function?
If it responds properly to tests for stability,
it certainly will have retention when it is
in use.

It must be patent that all this work will
have been in vain unless the denture base
that is constructed is an absolutely perfect
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replica of the impression (Fig. 53) in every
minute detail. This is possible only with a
suitable metal base. There is absolutely no
way to escape the use of metal. Plastic ma-
terial cannot maintain the same stability and
will not yield comparable results. Indeed, it
even requires special precautions to make an
accurate metal base, and the work should be
entrusted only to those who have been
properly trained to handle it.

FUNCTIONAL CONSIDERATIONS

Once the principle is understood, taking
a mucostatic impression is really a very simple
procedure, requiring only a few minutes.
But, before discussing technic, there is an-
other side of this problem which we should
consider briefly.

By this time the term “mucostatic base”
immediately conjures up a picture of an im-
pression taken without distortion of the soft
tissues. From there our thoughts jump to
compression and suction and peripheral seals
and locks and all the other fallacies with
which for years we have been wont to ab-
scure the real, common-sense facts of full
denture work. But there are deep, fundamen-

Fic, 53. The base must be a
microscopic duplicate of the im-
pression.

tal, and much more important differences
than these between the philosophy of muco-
statics and the various technics that have
been used in previous attempts to arrive at
a stable denture base.

Until the advent of mucostatics, impres-
sion technics concerned themselves largely
with various methods of “compressing” soft
tissues, without regard to the fact that tissue
is composed of solids and liquids, which, for
all practical purposes, are incompressible.
And so, what the impression really did was
to push the tissues aside and distort them.
But when the impression was removed from
the mouth, the tissues naturally returned to
their previous form. When the denture was in-
serted in the mouth, and pressure was brought
to bear, it likewise displaced tissues, but, upon
release of the load, the tissues would spring
back to some extent in an attempt to return
to their inherent positions. We then had a
base which was, in a sense, floating upon soft
tissues, in a constant state of flux. Further-
more, the ironing out of the soft tissues by
the impression destroyed all the fine detail,
so that such. a base usually presents a smooth
surface without the detail of the mucosa.

But mucostatics presents an entirely dif-
ferent picture. Here the base is resting in per-
fect contact with tissue which has not been
displaced and so has not caused it to spring
out of place. Since the tissue is nof com-
pressible, the base resting upon it is solid
and unyielding. Here at last is the perfect
denture base—as solid as natural teeth. How
often the dentist has said, “Give me the per-
fect denture base with stability and retention
and all my worries will be over!”

Unfortanately, however, the perfect den-
ture base has led to the painful discovery—
painful to both patient and operator—that
there is more to the perfect denture than the
base. The phenomenal success of properly
constructed mucostatic bases has brought
into sharp relief the real problem of success-
ful full-denture prosthesis: articulation of the



teeth. To see the reason for this we might
compare the ordinary base of the past with
a gymnastic performer. When he finally
lands, it is into a net or onto a soft mat. Not
so the mucostatic base! Here it is as though
the performer landed upon solid concrete.
With improperly articulated teeth, the re-
sultant shock to the whole organ inevitably
produces acute pain and discomfort. The
floating base takes up the shock of malocclu-
sion, but the solid base transmits it instantly
and harshly to the underlying mucosa, caus-
ing acute suffering under the base area and
initiating the process of necrobiosis, with
which we are all familiar as “shrinkage of the
ridge.” Since the base is an accurate repro-
duction of the ridge tissues, with all the ir-

regularities which we must have to obtain

perfect contact, these minute roughnesses
aggravate the condition.

You might well ask: If that is true, why
make a mucostatic base? Why not abandon
it in favor of some other method? The full
lower denture always was one of the least
satisfactory dental services. Mucostatics has
changed that. Now it is possible to make a
lower base which is actually more solid than
the upper and, incidentally, in a mere frac-
tion of the time consumed by elaborate im-
pression technics which fail to bring about
comparable results. Indeed, so secure is the
lower that, when the bases are compelled to
move by the forces of improper articulation,
it is always the upper that skids and not the
lower. It is the solid-as-a-rock fit of the
lower base that presents the problem.

It is apparent then that the real problem
of the mucostatic denture is articulation. But
that is the problem of all dentistry. If we
would create really functioning full dentures,
we must first understand the natural teeth,
for truly, as McCollum said: “The practice
of dentistry is the science of articulating
teeth.” And that is equally true whether we
are dealing with natural teeth or with their
artificial counterparts. For counterparts they
must be. Until we can learn to think clearly
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in terms of the entire mouth, we will never
understand the part that the denture base
plays in it.

PRACTICAL CONSIDERATIONS

The object of a mucostatic impression is
to obtain a negative imprint of the soft tissues
under the saddle area in their completely pas-
sive form, and to reproduce every detail with-
out distortion or “compression.” It is neces~
sary to use an impression material which has
less resistance to flow than the softest tissue
that it will contact. This must be carried to
its place in a tray which has the shape of the
saddle but is not “fitted” to the tissues. 1t
must set rapidly in the mouth, and it must
set hard and brittle so that it cannot be
distorted in handling and testing. It must be
dimensionally accurate and stable and must
not require a separating medium. It must not
change with age and, lastly, it must prevent
gagging.

It is important for the operator to familiar-
ize himself thoroughly with the manipulation
of the materials before he attempts to use
them in actual practice. Properly used, Acker-
man’s Cement is an excellent impression ma-
terial. Improperly used, it becomes a source
of constant trouble and failure, with the at-
tendant wasted time and effort. The “fast”
and the “slow” liquids can be mixed in vary-
ing proportions in order to suit the needs of
the individual operator under the conditions
of humidity and working time available. In
winter, northern areas of the country, with
artificial heat and low humidity, generally call
for the use of only the fast hqu]d Summer
heat and high humidity will require the addi-
tion of some slow liquid to control the work-
ing time. The slow liquid is never used alone
as it would be too slow for practical pur-
poses. A comparatively small amount of ex-
perience will soon tell the operator how
much slow liquid to add. It is good practice
to purchase the material in the 8-unit can
rather than in small tubes, in order to obtain
a uniform material,
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The majority of failures result from an im-
proper mixing technic. Here, only practice
and experience can lead to successful results.
It is absolutely essential that the operator
master the mixing technic before atterpting
to use the material in his practice. A few
dollars” worth of material expended in mak-
ing trial mixes, until the operator has learned
to make a smooth creamy mix quickly and
easily, will pay for itself many times over.

Most mixing failures result from the
operator’s attempting to mix the material the
way he does a dental cement, by bringing
in small portions of powder at a time and
spatulating each time until he has arrived
at what he feels to be the correct consistency
of mix. Unless he uses an excessively slow-
setting liquid the material will set too fast. If

F16. 54. Base-plate wax spacer
on study models.

Fic. 55. Tin foil burnished over
a wax spacer.

F16. 56. Tray patterns.

he uses a liquid slow enough for that type
of mixing, it will set too slowly in the mouth,
and the patient is likely to distort it or push
saliva between it and the tissues.

Correct mixing requires that all the pow-
der and liquid be incorporated at one time.
Since it requires a considerable amount of
experience to judge the correct quantities of
each, a proportioner of some kind is an ab-
solute “must” for the beginner. A large, wax-
free, paper mixing pad and a large, fairly
flexible spatula are used. The correct amount
of powder is placed in the center of the pad
and a crater is made in the middle. The liquid
is poured into this. Since the powder “wets
down” rather slowly, at first no attempt is
made to spatulate. The two materials are
simply stirred together until they begin to



Fig. §7. Cast aluminum trays.

mix. At this stage the mixture will appear to
be too thick and dry. Now it is spatulated
with long, sweeping strokes, the material
being spread out over the whole pad. It is
then picked up on the spatula, and the opera-
tion is repeated until the mixture has a
smooth, flowing consistency. Most operators
tend to use too thin a mix in the beginning.
It should be thin enough to fall from the
spatula when lifted and flow back into the
mix, but not so thin that it runs freely all over
the tray. The correct quantities for an aver-
age full-denture impression are 36 cc. of
loosely packed powder to 12 ml. of liquid.

The tissues usually do not require actual
drying, except when an upper is being
painted, but there should not be any free
saliva between the impression material and
the tissues. Petroleum jelly should be applied
to the lips to prevent sticking.

The tray should be light, thin and rigid. It
is best for it to be cast for each case in a
hard aluminum alloy. Shellac bases and
plastic materials are not generally advisable.
The tray should conform to the general shape
of the tissue but should not be closely fitted.
Adequate space should be provided for the
material to flow between the tray and the
tissues without having to be forced out under
pressure. It should be underextended, so that
the material will flow beyond the edges.

MAKING TRAYS

Snap impressions of the entire mouth are
taken, using a soft, elastic impression ma-
terial. The upper tray may be postdammed,
but the periphery is not sealed. The object is
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to obtain as little tissue distortion as possible.
Either an alginate or a hydrocolloid will do
for this purpose. Stone models are poured
and separated.

The entire base area (Fig. 54) is covered
with base-plate wax for a spacer. For full-
denture impressions two layers of wax are
used, and for partials, one layer of wax. Over
this wax spacer (Fig. 55) a sheet of .001 tin
foil is burnished. Petroleum jelly is applied
to the foil, and the tray pattern is formed
with a single sheet of base-plate wax. The
lower pattern is formed to cover the entire
base area (Fig. 56), but is slightly under-
extended at the periphery. The upper tray is
formed to cover the palate and the buccal
flanges in the molar region. The labial flange
is left open from bicuspid to bicuspid, the
tray being carried to the crest of the ridge
in that area. The flanges in the molar region
should not be long enough to reach the buc-
cal fold. If the tray is to be used for a very
soft upper, which will be painted first, three
sheets of wax should be used as a spacer. A
doubled piece of base-plate wax about V2-
inch wide is applied as a sprue at the median
line of the posterior border. This is in-
vested in a casting ring with a thin mix of
any casting investment.

The wax is boiled out in hot water, and
the tray is placed in a furnace to dry and
heated to 800° F. to drive off all water of
crystallization. Then it is cooled to 500° F.
and cast (Fig. 57) with hard aluminum
alloy. Clutch metal is ideal for this purpose.
It is hard and strong without being brittle,
and casts very easily.
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The tray should be carefully checked in
the mouth to be sure that it is not over-

extended on the peripheral outline. If it
pushes too deeply into the buccal fold, it is
trimmed with plate shears and smoothed with
arbor bands.

The extension of the labial flange will vary
with tissue conditions. In a mouth with firm
ridge tissues, the labial flange can be ex-
tended almost to the peripheral border. A
group of trays with various labial flanges is
shown in Figure 58.

PREPARING THE PATIENT

A successful mucostatic impression re-
quires good co-operation from the patient.
It is important that he be coached before-
hand to understand his part in the procedure.
He should be told that the object of the im-
pression is to obtain a negative of the tissues
when they are completely relaxed and at rest.
While a certain amount of manipulation of
the tissues is required to carry the tray to
its place in his mouth, once it is seated in
place, and he is told by the operator to do so,
he must relax all his facial muscles and allow
them to hang loosely while the material sets.
He should not hold his mouth stiffty open or
closed. He should just let the mandible hang.
He should not swallow if he can avoid it,
but let the saliva drivel and be caught in a
pan. For lower impressions, just before re-
laxing, the tongue is pushed forward once to
allow the material to settle down below it;

Fic. 58. Trays showing labial
flange extensions.

then the tongue is carried back and its mus-
cles are relaxed with all the other muscles. If
a proper mix has been used, the period of
relaxation is not hard for most patients. In
the presence of saliva, the material should
be sufficiently set in 1 minute that it will not
be distorted by slight movements of the
tongue or the cheeks, even though it is not
hard enough to remove from the mouth. Of
course the patient must not talk or move his
head around until the material is perfectly
hard.

Except when the material is being painted
on the tissues with a brush, it is not necessary
to have the tissues bone-dry, but there should
not be any free saliva present. The mouth
should be dried with exodontia sponges and
then packed to absorb saliva while the mix is
being made. In the lower, a sponge should
be packed on each side of the tongue, cover-
ing the ridge. On the upper, a sponge should
be spread over the palate and the buccal
flanges. The mouth should be kept retracted
after the packs are applied until the tray is in
the mouth, A small amount of petroleum
jelly should be applied to the lips and the
adjacent skin.

TAKING THE IMPRESSION

The tray is tested in the mouth and
trimmed, if necessary. It is dried with an air
blast. The powder and the liquid are poured
on the slab. There is no need for haste, be-
cause the material will not start to set until it



Fi16. 59. The lower tray is filled with zinc
oxide paste.

is mixed. The assistant retracts the cheeks.
The tissues are dried and the packs are ap-
plied. The material is mixed and the tray is
filled. For the lower impression (Fig. 59),
the entire tray is overfilled. For the upper
impression, the material is placed as a cone
(Fig. 60) in the center of the palatal portion
of the tray. The tray is inverted quickly so
that the material is hanging, and the tray
is turned constantly to prevent the material
from running out while it is being carried to
the mouth. The packs are removed from the
mouth, and the tray is carried into the mouth,
but not seated on the tissues.

If it is a lower impression, the fingers are
held lightly on top of the tray to prevent dis-
placement, and the patient is told to stick out
his tongue. As the tongue goes back, carry-
ing the tray down, the fingers are withdrawn
from the mouth and the patient is told to relax
and remain relaxed until the material has set.
The retractors are removed. At the end of
1 minute, the patient is cautioned to remain
relaxed while the lip is pulled away gently so
that the material may be tested to see how it
is setting. If it feels hard to the point of an
explorer, the patient is allowed to swallow.
The impression remains in the mouth for
3 minutes, and then the patient rinses until
he loosens it. It is removed from the mouth
and handled carefully (Fig. 61) so that the
frail, thin detail will not be damaged. If the
edges are not thin and frail, it is probably
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F16. 60. A cone of material is placed jil
the upper tray.

Fi6. 61. The lower impression.

not a good impression. It is rinsed in cold,
running water to harden before it is tested.

The upper impression is somewhat more
difficult to make. The material is carried up
against the palate and then gently teased up
to place until it runs out at the anterior part.
This must be done fairly rapidly, but without
undue haste. The retractors are removed
quickly, and then the fingers are removed
carefully from the center of the palate, the
tray being allowed to hang from the paste.
In seating the tray, the forefinger is used in
the center of it. Here the consistency must
be exactly right or the tray will drop down,
leaving a large, hollow space. There must be
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Fic. 62. An upper impression with built-
up labial flange.

enough working time to allow this manipula-
tion and to have the material still flow freely
after the finger has been removed and the
mouth is relaxed. While this mix is setting,
a second, somewhat smaller quantity is pre-
pared for mixing. As before, the patient is
told to remain relaxed, and the lip is lifted
gently. A thin layer should have run up part
way on the labial flange. If it is quite hard,
the next step may be taken. The second mix
should be of the same consistency as the first.

A good portlon is picked up on a cement
spatula, the lip is lifted, and the spatula is
inserted along the inner side of one cheek. The
lip is released, and the material from the
spatula is spread over the buccal tissues. This
is repeated on the inside of the other cheek.
The patient remains relaxed until the ma-
terial has set. Now, when the lip is lifted, the
buccal flanges will be formed, but in too thin
and frail a layer to permit removal.

A smali, heavy mix of the same material
is made. The lip is lifted and the surface of
the set material in the mouth is dried. A thick
layer of the heavy mix is applied with the
cement spatula to strengthen the flange.
When this has set, the patient is given a glass
of cold water and told to rinse until he
loosens the impression (Fig. 62). When the
upper labial ﬂange can be included in the
first impression, it is necessary to make only
one addition to complete the labial border,
as shown in Figure 63. This is added before
the impression is removed from the mouth.

Fic. 63. An upper impression thh added
labial periphery.

Uppers presenting a lot of loose-hanging,
soft masses of tissue require a painted layer
before the tray impression is taken. The
technic developed by Dr. William Dykms is
as follows: A thin, slow-setting mix is ap-
plied to the bone-dry tissue with a bristle
brush. This mix must be slow-setting so that
ample time is allowed for the painting and
the mix still will flow freely when the mouth is
relaxed upon the completion of the applica-
tion. The tissue must be bone-dry or the ma-
terial will ball up when it touches the wet sur-
face. The mix must be thin so that it can be
applied readily with the bristle brush bent to
an angle of 45°.

The mix is made before the tissue is dried.
The mouth is retracted. A piece of fiber lint
is placed over each parotid duct and held
under the retractor so that neither it nor the
cheek can contact the buccal flanges. First
a sponge and then a heavy air blast are used
to dry the tissue. The impression material is
palnted rapmﬂy over the entire surface. An
air blast is used to blow it all over the mouth.
The retractors and the fiber lint are removed,
and the patient is told to relax and wait for
the material to set. As before, the material
is tested gently after 3 minutes. If it is sef,
the surface is washed with cold water to
harden it. Now a large ball burnisher is
pressed gently in various areas to test for
stability. If it responds properly, the tray im-
pression over the painted layer is begun.
Again the cheeks are retracted and the im-



Fic. 64. A spacer for partial
denture trays.

pression is blown bone-dry. The tray mix is
made as usual and carried to place over the
first layer just as though an impression were
being taken. When it has set, the patient
rinses to remove it.

TESTING FOR STABILITY

No matter how they are taken, all impres-
sions must be tested for stability before ac-
ceptance. The impression is washed in cold
water. The excess material is carefully
trimmed away with a sharp Bard-Parker
knife. The superficial moisture is blown off.
The impression is returned to the mouth and
seated, with the mouth relaxed. One spot and
then another are pressed, without pulling the
cheeks, to see if it yields. The first finger of
one hand is pressed against the cuspid region
of one side, while the first finger of the other
hand is pressed against the molar region of
the other side to see if there is any rock.
Then the other cuspid and molar regions are
tested in the same way. In a similar way, tests
are made for anteroposterior stability and
lateral stability. If the impression responds
favorably to these tests, it is removed and
stored in a humidor until poured.
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Fic. 65. Patterns for partial den-
ture trays.

The model should be poured as soon as it
is convenient. A mix of Greyrock, somewhat
thinner than the manufacturer’s recommen-
dation, is used. Here we are not concerned
with great strength, but rather with dimen-
sional stability. No separating medium is re-
quired. The stone is allowed to become
thoroughly hardened and is then immersed
in hot water (about 165° F.) to soften the
impression for separation. Separation is done
carefully to avoid destroying fine detail.

ParTIiAL DENTURES

An impression that is correct for the teeth
is usually not a good mucostatic impression
of the soft tissue. A separate impression is
taken to cover the saddle area. The saddle
is cast separately and then related to the
teeth in the mouth. On the study model
(Fig. 64) a single sheet of base-plate wax
and tin foil is used as a spacer. If a plastic
tray material is used, it must be thin and
rigid. It should age on the bench at least 24
hours before use. A cast aluminum tray is
much more reliable. The tray pattern is
formed from a single thickness of base-plate
wax (Fig, 65}, and is cast in clutch alumi-
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Fic. 66. Cast aluminum partial denture
{rays.

Fic. 69. Some typical partial
denture trays.

F1G. 67. Partial denture base im-
pression.

Fi1G. 