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Preface

This book was written from a desire to assist the members of the dental
profession in learning the principles of gnathology herein described. After wit-
nessing the difficulties which men have encountered in attempting to understand
and carry out these principles, I felt that an undertaking of this sort should no
longer be postponed,

Heretofore, the paramount handicap to a student of gnathology has been the
lack of available organized material. There have been several articles dealing with
the philosophy and principles of gnathology but none with its application. Such
material as exists is to a great extent somewhat sketchy and incomplete, lacking
illustrations, continuity, and detail. Because of this a thorough study of the
subject has been extremely difficult. :

Circumstances early in my professional career enabled me to study and experi-
ment with various approaches to articulation. In the course of this work attempts
were made to uncover the shortcomings of seemingly logical approaches to the
problem. After four years of investigation, I became exposed to the work of the
Gnathological Society. Almost immediately it seemed to me that here at last
was the answer. But caution, born of disillusionment with other approaches,
required that many hours be spent in searching for flaws, in trying to refute the
principles. Yet, today—fifteen years later and in the light of present knowledge—
the fundamentals of gnathology remain basically sound and intact. Only minor
details have required correction.

With the passage of time, more and more men have become interested in
gnathology. Unfortunately, though, our teaching on a postgraduate level has
been inadequate. Some progress has been made on a preceptor level, but few
can be trained in this way. Several years ago, the University of Pennsylvania
incorporated some of the principles in its undergraduate program, and soon more
men were showing a lively interest in the subject. But the stumbling blocks still
exist. The time and the effort required to learn gnathology are big hurdles to
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8 Preface

overcome; hence the real need for a manual—a “do-it-yourself” guide—a handbook
that will be helpful when one begins to do this work.

At the start of this undertaking, it was evident that many illustrations would
be necessary. Where photography was not feasible, line drawings were used to
clarify various points.

Fifteen years of observation and application substantiate the content of this
book as the basis for the practice of dentistry for the present and, very probably,
the future. Certainly, many details will be improved upon in the years to come
to enable us to follow these principles with greater accuracy and less effort. But,
as the basis for dental practice, the arrangement herein contained will still be

sound.
Victor O. Lucia



Acknowledgments

My sincerest thanks to the many friends who read the manuscript and offered
constructive criticism and encouragement. Without their enthusiastic support,
this book may never have been realized.

Topping the list of persons to whom I am indebted is Dr. Beverly McCollum,
who deserves credit for the greatest contribution to dentistry in the last quarter
century; next, Dr. Ernest Granger, who has been responsible for the teaching of
gnathological procedures throughout the country; then Dr. Charles Stuart, whose
vast experience in articulation has led to newer gnathological concepts and im-
provements; and Harvey Stallard, whose wisdom, patience, and ability have
played a major role in the development of gnathology.

Many thanks to Dr. Peter Thomas, an able, energetic, generous man who
has helped many dentists to practice their profession with greater facility and
better results.

Dr. Max Kornfeld was responsible for the dream becoming an actuality, for
it was he who suggested that this book be written.

1 am particalarly grateful to Dr. William Dykins for his faith, loyalty, and
encouragement, which induced me on several occasions not to abandon writing
this book.

The keen observations and constructive criticism of Dr. Frank Celenza have
made this a better book.

The suggestions of Dr. Anthony De Pietro with respect to photography, art,
and research were most helptul.

I am also indebted to Dr. Charles Brecker for his sound and generous advice.
He has been a valuable friend since undergraduate days, when he was one of
my teachers,

Many thanks to Marlene Minett, my hygienist, who in spite of her many
duties typed the first draft, and to Charles Cottone, my technician, who was

9



10 Acknowledgments

always ready to help prepare material to be photographed and to offer encour-
agement when things were most difficult.
My greatest indebtedness is to Mary Gardiner for her editing and final typing.
The least evident but most important contribution was that of my wife and
children, whose patience and tolerance allowed me to accomplish this task.

Victor O. Lucia



Contents

Chapter 1

Philosophy of dental practice, 15
Chapter 2

Anatomy and physiology of the masticatory mechanism, 27
Chapter 3

The hinge axis, 41
Chapter 4

The construction of clutches, 57
Chapter 5

Registrations, 70
Chapter 6

The mounting frame and its use, 93
Chapter 7

Centric relation, 110
Chapter 8

Setting the McCollum gnathoscope, 140

Chapter 9

Setting the Granger gnatholator, 174
Chapter 10

Setting the Stuart articulator, 201
Chapter 11

The De Pietro articulator, 238
Chapter 12

Principles of articulation, 256

11



12 Contents

Chapter 13
Carving an articulation, 279

Chapter 14
Diagnosis, 314
Chapter 15
Treatment planning, 322
Chapter 16
Preparation of the mouth for rehabilitation, 327
Chapter 17
Taking impressions, 342

Chapter 18
The clinical application of dental materials to the casting and soldering

processes (Max Kornfeld, D.D.S., F.A.C.D., F1.C.D.), 370

Chapter 19
Remounting, 421

Chapter 20

Refining the articulation after remounting, 452
Chapter 21

Cementation, 469
Chapter 22

Grinding the articulation of natural teeth, 474
Chapter 23

Mucostatics, 490

Chapter 24
Full dentures, 509

Chapter 25
Removable partial dentures, 526

Chapter 26
The gnatholator and checkbites, 556

Chapter 27
Servicing appliances, 585
Chapter 28

Management of a practice in oral rehabilitation, 589

Chapter 29
Practical hints from everyday experience, 593

Chapter 30
The future of dentistry in the space age, 599



Modern
onathological

concepts






CHAPTER 1

Philosophy of dental practice

Full-mouth rehabilitation is the performance of all the procedures neces-
sary to produce a healthy, esthetic, well-functioning, self-maintaining masticatory
mechanism.

REASONS FOR FULL-MOUTH REHABILITATION

The most common reason for doing a full-mouth rehabilitation is to obtain and
maintain the health of the periodontal tissues.

Clinical periodontal findings are correlated with radiographs for a determina-
tion of the extent and character of the disease. Having determined the pres-
ence of periodontal disease, we attempt to correlate our findings to the function
of the mouth.

In examination of the function of the mouth, many factors are to be con-
sidered. The most important is the discrepancy known as the premature con-
tact—a contact between an upper and lower tooth which prevents or interferes
with the normal path of closure of the mandible. As important and perhaps
showing a greater degree of disease is the area that receives the force of closure
after the patient skids off the prematurity. This area receives the force in the
form of a rebound as the normal path of closure is interfered with by the prema-
ture contact. (Figs. 1to5.)

The various excursions of the mandible are examined to determine how much
harmony exists between the jaw movement and the tooth contacts, and the teeth
that receive most of the load in the different positions are noted.

A definite correlation between the malfunction and the clinical periodontal
findings is usually possible. This correlation generally precludes all other po-
tential causes of the periodontal condition. Even so, in order that the problem
may be attacked from every conceivable angle, each of the other factors must
be considered and investigated.
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16 Modern gnathological concepts

Fig. 1. Premature contact of upper and lower cuspids prevents normal closure of mandible.
Fig. 2. Opposite side of casts shown in Fig. 1. Contact of opposing teeth prevented by prema-
ture cuspid contact on opposite side.

Fig. 3. Centric interocclusal record used to relate lower cast to upper cast on articulator.
Fig. 4. Centric interocclusal record removed, and teeth allowed to make first contact as man-
dible closes. Note premature contacts in bicuspid area.

In connection with malfunction, the oral habits which could have a bearing
on the condition present must be considered. These may include such things
as bruxism, lip-chewing, thread-biting, tongue habits, etc,
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Fig. 5. Teeth of casts shown in Fig. 4 made to contact. Condyle ball on articulator must ad-
vance on condyle slope to permit interdigitation of teeth.

A second reason for full-mouth rehabilitation is a teraporomandibular joint
disturbance. This may be difficult to diagnose, and great care must be taken
to determine the etiological factors involved. Frequently there is a malrelationship
between the articulation and the movements of the joint—a disharmony of func-
tion. Sometimes there is a muscular dysfunction which is caused by some irri-
tant or a nervous affliction. Occasionally this muscular dysfunction is caused
by the malarticulation which produces muscle spasms, and these in turn are
interpreted as a joint disturbance. Usually in patients with joint disturbances
the periodontal condition is very good, which is probably why the joint has
been injured instead of the periodontium. When a disharmony exists, it must be
ascertained whether the patient is injuring the joint as a result of the malfunc-
tion, a bad habit, or an emotional disturbance. Emotional disturbances are very
difficult to deal with, and many times the patient requires the assistance of a
competent psychiatrist.

A third reason for full-mouth rehabilitation is the need for extensive den-
tistry. In such patients some teeth are missing and others are worn down, and
there are old fillings that need replacing. Usually the patients have little perio-
dontal involvement and no joint symptoms. These are the easiest patients to treat,
and the beginner should limit full-mouth rehabilitation to them. As long as
extensive dentistry is necessary, why not work on the case as a whole so that
all the parts will be related to each other and to the function of the individual?

By far the most difficult patients to treat are the few who have succeeded in
developing a severe periodontal condition and have at the same time a mal-
functioning joint. Even though the joint be asymptomatic, it may exhibit a be-
havior pattern that is troublesome to deal with. It may be mobile, and the den-
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tistry may require frequent adjustment as the joint begins to function properly
with possible healing. In addition, tooth settling and migration will increase
the discrepancies. These are the patients that try men’s souls. It behooves one
to proceed with extreme care and to anticipate the possible contingencies. Some-
times it is impossible to predict the extent of treatment necessary in order to
resolve the condition.

The treatment of the emotionally disturbed patient with a joint problem is
probably the most exasperating. Although it is possible to treat the condition
physiologically, the emotional disturbance is something else again. T have seen
patients with beautifully functioning masticatory mechanisms who still were
able to produce joint symptoms almost at will. These are the patients who take
the joy out of dentistry. It is distasteful and unpleasant to be one to suggest
psychiatric treatment, but if the dentist is convinced that this is the problem,
then he owes it to the patient and to himself to recommend such a course.

Which patients should not be treated by full-mouth rehabilitation?

Frequently, friends and relatives of one’s rehabilitation patients will request
similar treatment. There are many malfunctioning mouths that do not need ex-
tensive dentistry and have no joint symptoms. These patients are best left alone.
Some mouths which have the potential to break down, for some reason, never
produce the destruction. We are not justified in prescribing a full-mouth re-
habilitation unless there is definite evidence of tissue breakdown.: One may
argue, as many have, that it should be undertaken as a preventive measure. I do
not agree! There are enough malfunctioning mouths which do not break down
to rule against predicting something which may never happen. If there is need
for extensive dentistry, then by all means it should be carefully correlated to
the rest of the mouth by complete rehabilitation. One or two “good” teeth
sometimes may have to be operated on to satisfactorily accomplish our objec-
tive. The utopia in dentistry would be the directing of dental procedures toward
the prevention of such conditions and the application of dental practice to the
correction of these conditions when they do exist. In short, no pathology—no
treatment! '

OBJECTIVE OF TREATMENT

Having decided that a mouth requires the full treatment, what is the ob-
jective? All these patients have one problem in common—stress and strain. Usu-
ally the stress and strain are due to malfunction or a malrelation of the parts of
the oral mechanism. Occasionally undue stress and strain on the oral mechanism
are the result of an emotional disturbance. Whatever the cause, whatever the
reason, the common denominator seems to be stress. The problem, then, resolves
itself into one of minimizing these stresses so that they are not destructive. At
least they should fall within the capability of the tissues to withstand them and
maintain a state of health.

To accomplish this objective to the fullest degree possible, it is essential to
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have an intimate knowledge and a very clear understanding of the masticatory
mechanism, of certain principles and forces. Just what is involved will be detailed
and clarified in the chapters to follow. Briefly, however, it requires a study of
the forces of mastication or, rather, the forces encountered in the oral cav-
ity. (They are not necessarily masticatory.) It requires a knowledge of how the
oral mechanism is built and how it functions. Because of the structure, design,
and function of the mechanism, certain considerations are necessary in studying
these stresses. Obviously, if stresses are involved and if they are excessive (at
least the implication is that they may be excessive), the concern is how to
reduce or minimize them so that they will not be destructive. Granted that the
muscles of the oral mechanism can exert a certain amount of force, in order to
prevent this stress from being destructive (as long as we have it and must deal
with it), the best thing to do is to distribute it simultaneously—over as many
teeth as possible—over the temporomandibular joints—over as great an area as
possible—over as much tissue as possible—yes, over as many cells as possible,
This approach makes sense. A given force distributed over as great an area as
possible reduces the stress per unit so that it can be tolerated by the tissues.
Aging tissues are often not able to withstand the same stress as younger tissues.
This is why a malfunction is frequently tolerated at a younger age.

The problem, then, becomes one of how best to distribute this given force or
stress.

The oral mechanism consists primarily of the temporomandibular joints, the
teeth and their supporting structures, and the muscles of mastication. We are
concerned with the joints and the supporting structares. The teeth are the means
by which the stresses are going to be directed or transmitted. We know from
anatomy and physiology that the temporomandibular joint is a stress-bearing
jeint. We know that the supporting structures (bone) of the teeth are designed
to withstand stress. The objective is to distribute these stresses equally between
the joint tissues and the supporting structures. The teeth will be the means by
which the forces are distributed.

HARMONY OF FORM AND FUNCTION

The temporomandibular joint has a delinite pattern of function. It can be
demonstrated clearly that it is a definite pattern. If, in the execution of this
pattern of function, the teeth interfere, there is a clashing of stresses in the
mechanism. This will be true whether the stress is used to masticate food or
just to punctuate a swallow. If the tooth contact is not in harmony with the
temporomandibular joint pattern, then the entire stress or the greatest part of
it will be transmitted through the malrelated tooth to its supporting structures.
It may be more than those cells can endure. It would be much better to have
the tooth contact its antagonist at the same time that the temporomandibular
joint is in its best bracing position so that the force could be evenly distributed
between the supporting structures of the tooth and the temporomandibular
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Fig. 6. Working occlusion. Drawing illustrates typical cusps required to maintain equal con-
tact as a result of typical travel of center of rotation.

Fig. 7. Balanced occlusion. Cuspal form is dictated in part by path of travel of center of
rotation.
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joint. Carry this further and have all the teeth functioning equally. The stress
per unit would consequently be better distributed. Now of course the patient
does not chew in one motion or one closure, but in a very complicated, varied
pattern. The real trick is to make it possible to keep the stress equally divided
throughout the whole pattern of movement. How this task is executed is the
substance of this book,

The peculiar movements of the temporomandibular joint make it necessary
to have cusps on teeth in order that there be distribution of stress (Figs. 6 and
7). The cusps have to be of a special design. Basically they are similar; yet each
mouth has its own peculiarity. It is this peculiarity that makes each articulation
as individual as one’s fingerprints (Figs. 8 to 13). The factors that make for this
individuality will be thoroughly explored in another chapter.

To carry out the ideas of stress distribution, in patients who have no end
teeth in the arches and in whom removable restorations have to be wused, it is
very important that every effort be made to continue to distribute the stress

Fig. 8. Centric occlusion in centric relation of a typical practical appliance,

Fig. 9. Cusps required to maintain equal contact in balancing position of typical appliance
shown in Fig. 8. .

Fig. 10. Centric occlusion in centric relation of a practical appliance with a crossbite relation-
ship on left side.

Fig. 11. Balancing relation of practical appliance shown in Fig. 10 on crossbite side.
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Fig. 12. Centric occlusion in centric relation of a practical prosthesis requiring a slightly dif-
ferent cuspal form,

Fig. 13. Balancing relation of appliance shown in Fig. 12. Compare with Figs. 9 and 11.

over as great an area as possible. This is accomplished by means of mucostatic
bases and well-articulated chewing surfaces. It is possible to get some stability
for weak teeth from a good removable denture instead of putting additional
stress on the already endangered abutment teeth. The use of precision attach-
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ments helps to minimize the strain on abutment teeth. A mucostatic base is
the only means by which a removable restoration can be kept in proper func-
tion for any length of time.

Wherever feasible, fixed bridges are preferred to removable ones. The possi-
bility of maintaining an equal distribution of stress is greater with fixed work
than with removable bridges. The distribution can be maintained longer with
less adjustment.

METHOD OF TREATMENT

What is the method of treatment for accomplishing this?

Several things should be obvious. We must be able to treat the entire mouth
at one time so as to manipulate all the chewing surfaces—upper and lower—at
the same time in order that they can be the true mates they were intended to
be. “The same time” does not mean in an interval of hours, days, or weeks.
Rather, it means that, before anything is completed, there must be control of
all the surfaces so that they may be adjusted or altered as necessary. This pre-
cludes quadrant dentistry as a total treatment.

The second requisite for proper treatment is the accurate recording and dupli-
cation of the patient’s temporomandibular movements in every minute detail.
Actually this is tantamount to having the patients head to work on in the
laboratory without the distracting factors of saliva, cheeks, and tongue. Some
men attempt to accomplish this directly in the mouth, but as we shall see, this
is almost an impossible task.

Before the preparations are made, it is necessary in the treatment planning
to determine which cusps are essential and approximately where they will be
located. This is extremely important because it will influence the type of prepara-
tions to be used. Depending on how the teeth interdigitate, it will be decided
whether full coverage is indicated or whether the problem can be resolved
with onlays. Of course, onlays are by far the choice. The veneer materials avail-
able today are a poor substitute for nature’s enamel and will never take its
place. The best-made restorations that are adjacent to gingival tissue can only
be irritants. However, sometimes the amount of cusp warpage which is neces-
sary will produce too great a display of gold. In these patients a compromise
may have to be made whereby full coverage with its drawbacks is resorted to.

The practical treatment of a patient necessitates the completion of all the
preparations of the teeth involvedi Usually this cannot be accomplished at
one sitting; nor would I want it done that way. Therefore, it is necessary to
construct temporary restorations for each quadrant as the treatment proceeds.
When all four quadrants are prepared, the master impressions are taken, and
these casts are accurately related to the articulator by means of a face-bow and
a centric interocclusal record. The prepared teeth will have the exact relation
on the articulator that they have in the patient’s mouth. Quadrant impressions
are taken as each quadrant is prepared, and the quadrant casts made from these
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impresssions will be used for final margin and contact adaptation of the wax
patterns. The temporary restorations are usually made of good scrap gold
and in one piece for easy handling during their frequent removal and inser-
tion. Splinted together, they also tend to maintain the status quo in the interim
required for laboratory procedures.

The carving of the wax patterns and the factors involved in articulation are
covered in two lengthy chapters; therefore, a discussion here of the subject
will serve no purpose. It will suffice to say that an articulation is developed in
wax on the master casts on the articulator, The characteristics of the articulation
will be a harmonious arrangement of the occlusal surfaces that will follow the
movements of the temporomandibular joint. The anterior teeth—overbite and
overjet—will be in harmony with the posterior occlusal surfaces so that in all
the possible movements (within tooth contact) the forces will be distributed
over as many teeth as possible. The cusps will be parabolic in shape—a must
if they are to work in harmony with the rotary movements of the mandible.
Fach side will be in balance with the other, and a simultaneous contact will
be maintained by all the teeth throughout all the excursions. The wax patterns
will be separated and transferred to the quadrant dies, and the margins will be
adapted. The patterns will then be cast in a hard gold and prepared for trial
in the mouth.

Regardless of how carefully and accurately we work or think we work, these
castings are far from the finished product that the patient will wear. The errors
incorporated in cutting the wax patterns and transferring them to individual
dies, the investing and casting errors, the material errors—all add up to an
unbelievable amount. It, therefore, becomes necessary to correct the restorations
before they can be worn. Each restoration is carefully fitted to each tooth and
to each other. After the restorations have been fitted satisfactorily, a remounting
is done. This means that accurate casts containing the restorations are placed
on the articulator in the same relation that they had in the mouth. This step is
accomplished by means of a face-bow ftransfer and a centric interocclusal
record. The restorations are then very carefully adjusted until they exhibit the
same characteristics and relation to each other as the wax patterns on the master
casts. When this has been accomplished, the restorations are ready to be worn
temporarily by the patient.

Therve are several reasons for temporary wearing of the restorations. Healing
of the supporting structures of periodontally involved teeth will frequently pro-
duce a slight change in the position of the teeth (and their restorations). Mal-
functioning joints often heal after proper function, with the result that there
is a slightly different relationship. Patients, after overcoming long-imposed
neuromuscular patterns of malfunction, will more readily give an accurate joint
relationship. If the restorations are temporarily cemented, they can be removed
without difficulty for slight adjustments to perfect the restoration. One needs
but a single experience of having to cut out a permanently cemented restora-
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tion to be cured of being hasty in permanently cementing restorations! In pa-
tients with very bad periodontal or joint disorders, it is often necessary to have half
a dozen remountings over a period of several years before real success can be
achieved.

Splinting is a last resort. It was mentioned briefly that temporary restorations
are splinted together both for convenience in handling and because this tends
to maintain the status quo.

In contrast, permanent restorations are almost never splinted. Experience has
shown that splinted teeth never respond to treatment so quickly nor so well as
individual restorations do (provided that the articulation is correct). There is
just one exception to this rule. Only after repeated efforts at stabilizing the teeth
by means of individual restorations have failed, may we, as a last resort, solder
these restorations together in a splint. This is recognized as a final recourse and
a definite compromise, something to be undertaken when it is the only way to
maintain the teeth for a while longer. It is never the treatment of choice. When
splinting is a routine procedure, it is only a coverup or a compromise for im-
proper articulation.

PERIODONTAL THERAPY

As was stated at the beginning of the chapter, full-mouth rehabilitation is
performed to produce a healthy, esthetic, well-functioning, self-maintaining mas-
ticatory mechanism. It is often necessary to institute good periodontal therapy
to achieve these ends, Periodontal therapy is always undertaken when it is re-
quired to produce the health of the oral mechanism. Quite frequently after a
mouth has been properly treated, only routine scaling and curettage is required
to accomplish this. Occasionally more extensive therapy is indicated if a par-
ticular area does not respond to treatment or is so advanced that periodontal
surgery is called for. Only in rare cases is periodontal surgery instituted before
any treatment is attempted. Whenever possible, one waits until the mouth is
restored to proper function before deciding whether extensive periodontal treat-
ment is necessary.

It is possible by periodontal therapy (conservative and/or surgical) to elimi-
nate pockets. However, unless the function is corrected, pocket-free teeth can
still bounce around during function. So, both should be done whenever feasible.
Of the two, complete pocket elimination is less important than stability in func-
tion. Experience has shown that pockets do not necessarily get worse if not
completely eliminated, provided that proper function is established. Neverthe-
less, pockets should be carefully treated by frequent curettage and adequate
home care.

GNATHOLOGY

The philosophy upon which this approach to dental practice is based is that
of gnathology. “Gnathology is the sum total knowledge required to successfully
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treat the complex organ of chewing and includes all the ramifications of
dentistry.”®

An often heard criticism of this philosophy of dental practice is that it is too
accurate, too careful, too complex. The truth is that we do not begin to come
even close to accuracy, We think we do; we try to. Some day, though, we will
find that what is here advocated will be looked upon as a very crude approach
to the ideal.

The advice offered by the late Oscar Hammerstein 1T could well apply to a
philosophy for dental practice:

“Have You a Civilized Mind?”

“Too many men become certain about too many things too early in their
lives. Over-eager to have everything “settled in their minds,” they lack both the
wisdom and the courage to expose their hastily adopted ideas to healthy
doubts. They cling with blind passion to their false ‘certainties’ and too often
are ready to kill or be killed for them. In these immature absolutists lies the seed
of tragedy. The earth is sick with them.

“The certainties of a strong man are built on a structure of resolved doubts.
By the time he reaches a conclusion, he has traveled the hard road of reason.
Even then he will be tolerant of another man’s beliefs, and willing always to
compare them fairly with his own. The man with a civilized mind is neither
afraid nor ashamed to change it.

“Your uncritical loyalty to weak ideas cannot make them strong. Be ever ready
to let your ideas stand up and fight for themselves. Let them survive or die ac-
cording to their merit, It is only in ideas honestly and bravely tested that you
will find security.”?

*From Stallard, Harvey: Personal communication,
TFrom Hammerstein, Oscar II: “Have You a Civilized Mind?” This Week Magazine, June
22, 1952, sect. 7, p. 2.



CHAPTER 2

Anatomy and physiology of the masticatory
mechanism

IMPORTANCE OF UNDERSTANDING ANATOMY AND
PHYSIOLOGY OF MASTICATORY MECHANISM

An understanding of the anatomy and physiology of the masticatory mech-
anism is essential to intelligent diagnosis and adequate treatment. If we know
how the normal masticating mechanism functions, we will be able to recognize its
malfunction and be in a position to correct it.

A correlation of the anatomy of the parts and the function of the parts will
help one to understand the intricacies of the mechanism,

For purposes of this discussion, it seems superfluous to mention that a normal,
healthy mechanism is described—not one which has been “condylectomized,”
partially ankylosed, paralyzed, or in any way prevented from functioning nor-
mally. Interesting data, of course, may be gained from studying such ab-
normalities, and their behavior can be better understood once one becomes
familiar with the normal mechanism.

THE OSSEOUS STRUCTURES

The masticating mechanism is made up primarily of three osseous structures—
the temporal bones, the maxillae, and the mandible. The maxillae and the body
of the mandible house the teeth—the instruments of mastication. The temporal
bone and the condyle portion of the mandible form the contact or articulation
between the osseous structures of the mechanism, In addition, the muscles which
activate the chewing mechanism obtain their anchorage from and are attached
to these osseous structures. Continuous contact is made between the mandible
and the temporal bones by means of the temporomandibular joints. The glenoid
fossa of the temporal bone is concave anteroposteriorly as well as medio-
laterally. It is the shape of the anterior slope of the fossa that determines the
condyle paths (the lateral, protrusive, and in-between lateral protrusive). The
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Fig. 14. Photograph of simulated components of the temporomandibular joint. (Courtesy The
Dentists” Supply Company of New York, York, Pa.)

head of the condyle is oval in shape, and its long axis is at an oblique angle to
the median axis of the skull. The synovial membranes and the meniscus are
interposed between the fossa and the condyle (Fig. 14).

In function, the head of the condyle rotates on the undersurface of the
meniscus. It is in this compartment of the joint that the hingelike action of the
joint takes place. The hingelike action is the center of action of the parts—the
disc, the condyle head, and the synovial membranes.

The upper surface of the disc makes contact with the glenoid fossa. It is the
simultaneous sliding of the disc and condyle that produces the translatory move-
ment of the temporomandibular joint. In other words, the head of the condyle
rotates on the undersurface of the disc; the condyle and the disc together
translate across the base of the fossa (anteroposteriorly, mediolaterally, or
in-between ).

The meniscus, or disc, consists of fibrocartilage, oval in shape, thinner at the
center than at the circumference. “The inferior surface is concave and fits on to
the condyle of the lower jaw; while its superior surface is concavo-convex from
before backward, and is in contact with the articular surface of the temporal
bone.”*

The stress-bearing character of the disc is evident in the fact that the blood
and nerve supplies are in the periphery, the center being devoid of these
tissues.

Contact between the head of the condyle and the glenoid fossa is made by

*From Schaeffer, J. Parsons (editor): Morris’ Human Anatomy, New York, 1953, Blakiston
Division, McGraw-Hill Book Co., Inc.



Anatomy and physiology of the masticatory mechanism 29

the center of the disc. Stress of mastication in the joint is absorbed in this
relation. The meniscus has its bearing against the articular surface of the
temporal bone, which forms the anterior wall of the glenoid fossa. It is in this
relationship that the forces of mastication are absorbed by the temporomandibu-
lar joint.

Lubrication of the joint is accomplished by the synovial membranes. Each
compartment of the joint has its own synovial sac.

The disc and the synovial membranes are not compressible nor variable in
the normal course of events, but serve as ball bearings between the skull and
the condyle.

FUNCTION OF LIGAMENTS AND MUSCLES

Ligaments and muscles hold the temporomandibular joint and the chewing
mechanism together. The ligaments (Fig. 15) limit the amount of movement
of the mechanism. They prevent the mechanism and joint from falling apart
when the muscles are relaxed. They help to determine the position of the
mandible when the muscles relax. Thus, to some extent, physiological rest is
governed by these ligaments.

BATYLOMANDIBULAT

Fig. 15. Photograph of simulated ligaments of the temporomandibular joint. (Courtesy The
Dentists” Supply Company of New York, York, Pa.)

Capsular and temporomandibular ligaments

The most important ligaments of the temporomandibular joint are the capsular
and the temporomandibular. The temporomandibular ligament forms the lateral
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Fig. 16, Drawing of the temporomandibular ligament.

Fig. 17. Photograph of simulated
muscles as they act in kinematic
chains, (Courtesy The Dentists’ Sup-
ply Company of New York, York, Pa.)
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part of the capsule and reinforces it. Broad above, it is attached to the zygoma
and to the tubercle (articular eminence of the zygoma). It is inclined downward
and backward and is inserted into the condyle and neck of the mandible laterally.
The fibers coming from the tubercle are short and nearly vertical (Fig. 16). To-
gether, the capsular and temporomandibular ligaments enclose the structures of
the joint and tend to limit its movements. These ligaments are loosely attached
in the upper compartment of the joint to permit translatory movements. They
are more firmly attached in the lower compartment where the hingelike action
takes place.

The temporomandibular joints are movable fulcrums activated by the muscles
of mastication. These joints have some of the elements of a ball and socket.
They glide forward and backward as well as sideways. Actually they can glide
and rotate at the same time in the manner of a movable ball and socket.

In a discussion of the muscles of mastication, there is a tendency to speak of
individual muscles and to describe their separate actions. Yet, muscles function
in groups as kinematic chains ( Fig. 17).

Temporalis muscle

The temporalis muscle (Fig. 18) is a large, strong muscle of mastication.
It has its origin in the temporal fossa on the side of the skull. Its origin covers
a considerable area and, by means of an aponeurosis, connects with its mate
on the other side of the skull very much in the manner of a saddlebag. Its inser-
tion is in the coronoid process of the mandible and reaches down to the ramus

Fig. 18. Photograph of simulated temporalis muscle showing its broad origin and narrow
ingertion. { Courtesy The Dentists’ Supply Company of New York, York, Pa.)
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Fig. 19. Drawing of the elevator muscles of the mandible. The resultant force of their contrac-
tion causes the upward and backward seating of the condyle.

of the mandible. It should be noted that the insertion is anterior to the temporo-
mandibular joint. Although the fibers of the temporalis muscle are described
as vertical, oblique, and horizontal, contraction of any or all of these fibers
has a definite tendency to elevate and retrude the mandible. This is under-
standable if we recall that the temporomandibular joint is made up of the glenoid
fossa, the anterior surface of which slopes upward and backward, and that the
meniscus is interposed between the head of the condyle and this slope. Any
contraction of a muscle attached in front of this upward slanting guide must
have a tendency to brace the condyle head in a posterior and superior posi-
tion (Fig. 19). There will be more about this later in the discussion of centric
relation and its importance in dentistry.

Masseter muscle

The masseter muscle (Fig. 20) has its origin in the zygomatic arch. It arises
in two heads—a superficial one from the outer border of the arch and a deepeér
one from the inner and more posterior portion of the arch. Its insertion is in
the outer angular region of the mandible. Fibers of the masseter muscle are
almost at right angles to the occlusal surfaces.

The masseter is a very powerful muscle of mastication. Its contraction elevates
the jaw and forcibly brings the teeth together. Like the temporalis muscle, its
coniractions tend to seat the condyle in a posterosuperior position in the glenoid
fossa. Neither the temporalis nor the masseter has anything to do with lateral
movements of the jaw. Their contractions primarily elevate the jaw and bring
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Fig. 20. Photograph of simulated masseter muscle. { Courtesy The Dentists’ Supply Company of
New York, York, Pa.)

the teeth together. It is because of this action that the occlusal surfaces of the
teeth must harmonize with the hingelike action of the mandible. The masseter
can snap the teeth together in any position from centric to protrusive. Having
the occlusal surfaces of the teeth in harmony with this action permits a better
dissipation of the forces of this muscle to the periodontal tissues of the teeth
as they come together through a bolus of food.

External and internal pterygoid muscles

The external and internal pterygoid muscles are responsible for the lateral
movements of the mandible.

The external pterygoid (Fig. 21) has its origin, by means of two heads, in
the great wing of the sphenoid bone and the outer surface of the pterygoid
plate. The uppermost fibers of this muscle are inserted in the articular disc
through the articular capsule. The majority of the remaining fibers are inserted
in the anterior surface of the neck of the mandible.

The fibers of the external pterygoid muscle are in a horizontal and medial
direction, and their contraction pulls the head of the condyle and the meniscus
forward and medially (Fig. 22). This action sets the mandible into position for
chewing. If the external pterygoid on one side relaxes while the one on the
other side contracts, the mandible will be moved into a lateral position. It guides
the mandible into lateral position and steadies it while the subject bites (con-
traction of the temporal and masseter) in the lateral position. Contraction of
the fibers of the external pterygoid also tends to act as a brake against the
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Fig., 21. Photograph of simulated external pterygoid muscle. A section of the mandible has
been removed to show muscle origin and insertion. (Courtesy The Dentists” Supply Company
of New York, York, Pa.)

EXTERNAL PTERYSOID

Fig. 22. Photograph of simulated external pterygoid muscle showing the direction of pull by
its contraction, (Courtesy The Dentists’ Supply Company of New York, York, Pa.)

posterior pull of the temporalis muscle. It effects a muscular balance against
any violent jamming of the head of the condyle posteriorly.
The internal pterygoid muscle (Figs. 23 to 25) originates from the palatine
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EXTERNAL PTERYGOID

4

INTERNAL PYERYGOID

Fig. 23. Photograph of simulated internal pterygoid muscle showing its relation to the external
pterygoid. (Courtesy The Dentists” Supply Company of New York, York, Pa.)

CMASSETER

. 7

NTERMAL L PTERYGOID

Fig. 24. Photograph of simulated internal pterygoid muscle (rear view) showing direction of
fibers., (Courtesy The Dentists’ Supply Company of New York, York, Pa.)

bone and the maxilla and from the internal surface of the pterygoid plate. Its
fibers are inserted in the lower part of the inner surface of the ramus of the
mandible at the angle. They run laterally, downward, and backward.

Bennett movement. The contraction of the internal pterygoid muscle on one
side draws the back part of the mandible laterally and assists in protruding and
elevating the mandible. It aids the external pterygoid muscle. Fig. 26 shows a
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Fig. 25. Photograph of simulated internal pterygoid muscle as viewed from the medial aspect.
(Courtesy The Dentists” Supply Company of New York, York, Pa.)

Fig. 26. Photograph of a transverse sec-
tion - through the temporomandibular
joints showing the variations in the in-
ner curbing of the glenoid fossae. (Cour-
tesy The Dentists’ Supply Company of
New York, York, Pa.)
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frontal section of the skull through the temporomandibular joints. Note the in-
clination of the fibers of the internal pterygoid muscle. Note, too, the inner
curbings of the glenoid fossae. Notice the difference in the inner curbings of
the right, B, and left, A, joints. When the internal pterygoid muscle contracts
to help the external pterygoid muscle cock the mandible in preparation for
chewing, the direction and amount of medial movement of the condyle head
are dictated by the shape of the inner curbing of the glenoid fossa, just as the
base of the glenoid fossa dictates the condyle path in a straight, protrusive move-
ment. The forceful contraction of the masseter and temporalis muscle returns
the condyle (and mandible) to centric position, exerting chewing force against
a bolus of food. The bracing of the mandible at this point of the chewing stroke
can occur only between the condyle and the fossa, with the teeth engaging the
bolus of food. The direction of movement has to be guided by the shape of the
inner curbing of the fossa.

The cusps are tailored to harmonize with this Bennett movement so that,
when the teeth come together as they penetrate the food, the cusps will shear
past each other without clashing and jarring the periodontal tissues.

NEUROMUSCULAR COORDINATION

The various structures and individual movements just described are coordi-
nated by a complex integration of the nervous function.

Nociceptive reaction

During mastication, sudden contact of a tooth with a hard object produces
discomfort and reflexively opens the mouth. This is called a nociceptive reaction
and is partially responsible for protecting the chewing mechanism when there
are premature contacts in the articulation.

Reciprocal innervation

This nociceptive reaction is able to protect the mechanism because of the
phenomenon known as reciprocal innervation. This is the simultaneous activation
of a flexor reflex and the inhibition of the extensor (stretching) reflex, and vice
versa.

Rhythmic chewing is made possible by the efficient reciprocal innervation
of the masticatory muscles as they alternately depress and elevate the lower
jaw.

During mastication, proprioceptors in the muscles, tendons, and joints send
messages through afferent fibers in the trigeminal nerve to the chief sensory
nucleus of this nerve. Secondary fibers cross the brain stem, ascend to the
thalamus, and finally arrive in the sensory cortex via tertiary tracts. In this
manner, an awareness of motion in the jaws and of the position of the maxillae
and mandible during chewing movements is permitted. Some proprioceptive im-
pulses pass from the chief sensory nucleus to the cerebellum, thence through
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a chain of neurons to the motor cortex. The motor cortex is thus informed of
the position of the teeth and jaws, and its action makes possible the synchronous
mastication movements. Motor activity, whether reflex or voluntary, demands
little conscious effort; therefore, it becomes necessary to have all the parts of the
masticating mechanism working in harmony with each other to prevent its self-
destruction.

MOVEMENTS OF MASTICATION

Let us analyze the basic chewing movements and the structures involved.

Description of chewing cycle

The masticatory movements of the mandible are automatic and occur under
considerable force. Mastication begins with the incision of a morsel of food.
To accomplish this, the mandible is dropped open by the contraction of the
external pterygoids and the infrahyoid and digastric groups of muscles. If the
external pterygoids contract equally (which is improbable), the patient will
execute a straight protrusive movement. More likely they will contract un-
equally, and a lateral protrusive position will be assumed. Now the incisor teeth
have to be propelled through the food to cut it, and this is accomplished by
the contraction of the elevators of the jaw—the temporalis, masseter, and in-
ternal pterygoids.

Some food having been prehended, the act of mastication proceeds to prepare
this food for real chewing. The bolus is propelled into the mouth by the lips,
tongue, and cheeks and probably is rolled onto the bicuspids which cut it up
further with the crushing and shearing action of their blades. The temporalis
and masseter muscles partially relax, allowing the food to be replaced on the
chewing surfaces. The external and internal pterygoids are in a state of alternate
relaxation and partial contraction, and the temporalis and masseter again con-
tract to crush the food some more. By this time and after several strokes, the
bolus has reached the molar teeth, where now it will get a final milling before
it is swallowed. The masseter and temporalis muscles relax; the external and
internal pterygoids on the same side contract while those on the opposite side
relax, thus cocking the mandible in a lateral protrusive position. The food is
now repositioned on the occlusal surfaces of the molars, and the real power of
mastication is applied by the masseter, temporalis, and internal pterygoid mus-
cles. As the masseter and temporalis muscles contract and crush the food, the
alternate contractions of the internal pterygoids cause a wiping of the lower oc-
clusal surfaces of the molars across the upper occlusal surfaces in a finely triturat-
ing action which comminutes the food preparatory to swallowing.

More specificially, if the bolus of food is on the lower right first molar and
ready for its final comminution, the temporalis and masseter muscles on both sides
relax. The external and internal pterygoids on the right side relax; the external
and internal pterygoids on the left side contract and cock the mandible to
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execute a working occlusion on the right side. Now the temporalis and masseter
muscles on both sides contract forcibly to crush through the food. The external
pterygoid on the left side relaxes, permitting the mandible on the left side to
return home. As the condyles both approach centric position, the internal ptery-
goid of the right side contracts, executing the Bennett movement. The masseter
and temporalis on the right side soon relax, permitting the follow-through of
the masticating stroke as the external pterygoid on the right side contracts.

It must be remembered that during all of the jaw movements the condyles
and menisci are moving together. For purposes of clarity, however, our descrip-
tion of the act of chewing is somewhat simplified. Again we must emphasize the
harmonious relation of the teeth to these movements that should exist it the
investing structures are to be protected from destruction.

HABRMONY OF FORM AND FUNCTION

Because of the complexity, automation, and forcefulness with which the chew-
ing cycle is executed, it should be apparent that a high degree of harmony must
exist between the form and function of the parts. Although nature has a built-in
safety device in the proprioceptive reflex mechanism, repeated insults in the
form of a premature contact may impose the learning of a new reflex pattern.
It may not be so effective as it should be, and soon the additive trauma will
begin to take its toll. Then too, with advancing age the sharpness of the
protective reflex is lost, and more and more damage is done to the mechanism.

Protection by proprioception

It is interesting to note that the protective proprioceptive reflexes operate
best during normal function. The self-protective mechanisms are weak or missing
during nonfunctioning movements. It has also been shown that reflex activity
is reduced during sleep, with the nonsecretion of the parotid gland. The pro-
tective proprioceptive reflex apparently fails to function during bruxism. This is
one reason for correcting the malocclusion of patients who practice bruxism,
for while it may not cure the habit, it will minimize the damage that is done.

What is meant by harmony of form and function?

Up to now the chewing movements have been outlined briefly, and the anatomy
of the masticatory mechanism has been described. Very little has been said
about the teeth, the chewing implements, but it has been implied that a harmony
of form and function is necessary. In another chapter will be described how the
forms of the teeth are made harmonious with the function of the masticatory
mechanism, but for the present the subject is limited to a brief discussion.

The objective of maintaining the health of the structures of the mechanism is
of prime importance. To accomplish this, we strive to prevent any part of the
mechanism from overworking or being abused. A certain amount of work has to
be done in the form of chewing. For the moment, let us disregard any bad habits
and consider only the normal use of the apparatus to masticate food.
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Necessity for equal distribution of masticatory forces

A certain amount of muscular force is necessary and available. How that muscu-
lar force is dissipated by the various components (the joints, teeth, and investing
structures) is of extreme importance. For instance, if, in the chewing cycle
previously described, a single tooth came into contact before the others, what
would be the result? As the patient penetrated the food bolus, the premature
tooth would receive all the muscular force exerted after penetration of the food.
This force in turn woud be transmitted to the periodontal tissues and in time
would cause their destruction.

By harmony of form and function, then, is meant an equal distribution of the
forces of mastication which will permit the periodontal tissues of all the teeth
and the stress-bearing portion of the joints equally to absorb this muscular force.
Equal distribution of the functional forces over as much tissue and as great an
area as possible will guarantee the health of the entire mechanism and is the
objective of the treatment.
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CHAPTER 3

The hinge axis

APPLICATION OF HINGELIKE ACTION OF THE
TEMPOROMANDIBULAR JOINT TO DENTISTRY

The successful application of the hinge axis in dentistry was the greatest single
contribution of the Gnathological Society. It was the cornerstone of all future ac-
complishments and is still the basis for articulation.

The hinglelike action of the temporomandibular joint has been described by
anatomists for over a hundred years. Its application to dentistry, however, had
to wait for the Gnathological Society in the 1920’s. Prior to that, Snow, Gysi, and
others had been aware of the presence and importance of an opening and closing

-

Fig. 27. Drawing of the lower member of an articulator with a lower jaw superimposed. The
axis of the condyle is aligned with the axis of the instrument.

41
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axis. Yet their methods were so crude that they concluded that the axis was
some place below the condyles. This inaccuracy led them to believe that chang-
ing vertical dimensions was still a chair operation.

The desirability of being able to reproduce the opening and closing com-
ponent of jaw movements on an articulator must have been evident. That they
were not able to accomplish this was the fault of the methods used and the
fact that there was no articulator which could duplicate this movement. The
Gnathological Society developed a means of attaching a face-bow rigidly to
the mandibular teeth. This permitted accurate location of the opening and
closing axis. Many refinements in equipment were of course necessary to make
this a practical procedure. For example, easy adjustment of the caliper points was
essential. After it had been clinically demonstrated that there was a usable
hinge axis, it became necessary to design an instrument which would duplicate
this component, The articulator had to have an intercondylar axis which could
be aligned with the axis located on the patient (Fig. 27).

DEFINITION OF THE HINGE AXIS

‘What is the hinge axis?

The head of the condyle rotates on the under surface of the meniscus. While
it rotates on the meniscus, the meniscus and condyle can move on the surface
of the glenoid fossa. The movement can be forward, to the side, or anything
in-between, While the meniscus and condyle are thus translating, the condyle
can execute a pure hinge movement any place along this translation. Conse-
quently, mandibular movements appear to be very complicated and confusing.
It is practical to locate the center of vertical motion. It is also practical to locate
the center of lateral motion. The center of vertical motion and the center of
lateral motion are one and the same—the center of rotation, and there is one in
each condyle,

Location

The hinge axis is an imaginary line connecting the center of rotation of one
condyle to the center of rotation of the other condyle (Fig. 28). From the
centers of rotation originate the vertical opening and closing movements, as
well as the pure lateral movements. Any combination of vertical and lateral
movement has its center in the same point. The center of rotation of each con-
dvle is constant to the condyle and hence to the mandible. The hinge axis (the
imaginary line joining these centers) then is constant to the mandible (and
teeth). As the mandible moves in its various excursions, the hinge axis moves
right along with it. The mandible is capable of executing a hingelike closure
in any position (Fig. 29). This is one reason why the hinge axis is so im-
portant. It permits duplication of all the arcs of closure of the mandible on an
instrument and thus the cusps can be tailored to harmonize with these arcs.

One point of confusion about the hinge axis stems from the method of its
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Fig. 28. Drawing of the hinge axis of the lower jaw coinciding with the hinge axis of the
articulator.

Fig. 29. Drawing showing that the hinge action can take place in any position of the mandible.

location. It is located in the most retruded position of the mandible—the terminal
hinge position (Fig. 30). It is located in this position because only here can it
be repeatedly separated from the other components of jaw motion. The patient,
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.-"" " Fig. 30. Drawing showing the hinge action in the
. -7 terminal hinge position.

of course, does not function in this terminal hinge position. He is purposely
made to execute a terminal hinge closure so that the center can be located. Once
it is located, we endeavor to trace the path of this center in order to be able
to duplicate every possible combination of these two movements which the
patient will use in function.

Importance

The importance of the hinge axis lies in the fact that, by its determination and
transference to an articulator, it is possible to have casts of the mouth (teeth) in
the exact dynamic relationship to each other as exists in the patient’s head. Only
by use of the hinge axis is it possible to have teeth approach each other on an
articulator exactly as they do in the mouth. The hinge axis permits control of
the vertical dimension on the articulator. It makes it possible to duplicate all
the eccentric relations and all possible contacts of the teeth in these relations.
It makes possible thorough study and diagnosis of tooth relations, with confi-
dence that they are exactly as they exist in the patient’s mouth. It permits return
of the work (whether dentures or natural tooth reconstruction) to the instru-
ment for correction, with the knowledge that any changes in vertical relations
will be harmonious when placed in the patient’s mouth. It is only by means
of the hinge axis (and centric relation) that the teeth can be related accurately
to the terminal hinge position.

HINGE AXIS AND CENTRIC BRELATION

The act of securing a centric interocclusal record is related to the terminal
hinge closure. We attempt to “frecze” the terminal hinge closure at a convenient
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vertical opening, but were it not for the hinge axis, it would not be possible
to secure an accurate centric interocclusal record, It is agreed that in order to
obtain such a record, the recording medium must not be penetrated by the teeth
or the occlusion rims. (‘The implication is that the mandible would deviate
because of the guidance of the penetrating teeth or rims.) In order that there
be no penetration (at least in dentulous patients ), the centric interocclusal record
must be obtained in an open relationship. Yet if the same arcs of closure were
not used, our efforts would be useless.

A final point is this: it is émpossible to check a centric interocclusal record
without an axis mounting. During my training in prosthetics, countless hours
were wasted while we attempted to check a centric interocclusal record on casts
that were not axis-mounted. We were able to do this only when, by accident,
we obtained the correct centric relation at the same time that we happened to
have an interocclusal record of the exact thickness as the one which our in-
structor had. If the casts had been axis-mounted, our only concern would have
been to get the correct centric relation. The thickness would not have mattered,
and much time would have been saved.

TECHNIQUE FOR LOCATING THE HINGE AXIS

The location and transterence of the hinge axis are not very difficult pro-
cedures, but they must be carried out with great care because they are the
foundation for many other procedures.

A convenient type of face-bow is used. It must be rigidly attached to the man-
dible so that actually we have an extension of the mandible in the face-bow.
The face-bow consists of a crossbar (Fig. 31) which is attached to the man-

Fig. 31. Crossbars of the hinge-bow attached to clutches.
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32

33

Fig. 3%. Clutches cemented to patient’s teeth.
Fig. 33. Graph-lined flags are attached to upper crossbar and to upper jaw. Flags are close to
the skin.

dible by means of a clutch (Fig. 32). A graph-lined flag is placed on the side of
the face over the condyle to eliminate any skin movement distraction (Fig. 33).
These flags may be attached to the maxillae by means of a crossbar and a maxil-
lary clutch. They may also be held in place by a head cap or other contrivance.
Adjustable sidearms are placed on the crosshar with a stylus in the vicinity of the
condyle (Fig. 34).
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Fig. 34. Stylus arms attached by means of crossbar to lower jaw by the clutch.

Instruction of patient in hinge type of movement

The patient must now be instructed in the hinge type of movement (Fig. 35).
As previously indicated, this is not a normal movement for the patient—it is for
our convenience only. The patient must be coached to let his mouth drop open.
This necessitates the relaxation of the external pterygoid muscles, and some
patients may have difficulty in comprehending this movement. It helps some-
times to have the patient place his hand on our chin as we demonstrate the
type of relaxed opening and closing that is desired.

Use of trainer. Dr. Raymond Cohen® has designed a “trainer,” which is an
improvement over the Hickok retruder. By means of this trainer (Fig. 36) the
patient learns the rhythmic opening and closing that is essential for the location
of the axis. The trainer is left on the patient for five to ten minutes and then
removed. The patient seems to cooperate better after this training.

The trainer is also valuable if used just before the taking of a centric inter-
occlusal record. Again it is placed on the patient for five to ten minutes, during
which time the patient is instructed to open and close the mouth repeatedly.
The trainer is then removed, and the centric interocclusal record is taken. The
patient is instructed to keep his teeth separated until the centric record is
taken in order to prevent the proprioceptive reflex from guiding the closure into
the habitual relationship. After all, the objective is to record the true hinge
closure in the terminal relation, not in the acquired position.

The patient naturally opens the jaw downward and forward—a combination

*Dr. Raymond Cohen, New York, N. Y,
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Fig. 35. Patient must be guided to execute a pure hinge movement.

Fig. 36, The trainer on the patient,

of rotation and translation. The rotation must be separated from the translation
so that the center of vertical opening can be located. In addition, this opening
and closing must be accomplished in the most retruded position—the terminal
hinge position—for here it is possible to get repeated concentric arcs which will
permit location of their center. Any other arcs will serve only to confuse the
issue at this point. What we actually have is a compass with bent rigid arms. The
pivoting part of the compass is on the center of rotation in the patient’s condyle.
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The stylus point is the tracing part of the compass. If the operator succeeds in
getting the tracing point exactly over the pivoting point, there will be no arcing
of the tracing point (Figs. 37 and 38). Geometrically, if there were two concen-
tric arcs and to the chords of these arcs were erected bisecting perpendiculars,
they would intersect at the center of the arcs (Figs. 39 to 41). However, there

Fig. 38. Stylus on mark in closed position of jaw.
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41

Fig. 39. A bisecting perpendicular to a chord of an arc is determined by the intersection of
the arcs made with the ends of the chord as centers and a radius greater than half the length
of the chord.

Fig. 40. Bisecting perpendicular erected to a chord of an arc (circle).

Fig. 41. The intersection of two bisecting perpendiculars of two chords of the same arc (circle)
locates the center of the arc (circle).

is no practical method for making such a plotting. The trial-and-error method
first used by Dr. McCollum is still the only practical way to locate the axis.

When we succeed in getting the patient to execute a rhythmic opening and
closing in the terminal position and the stylus point is arcing, we visualize
where a center would have to be for scribing such an arc (Fig. 42). Thus we will
have an idea of which way to move the stylus in order to reach the center. After
an adjustment is made in this direction, another try is made. As the center is
approached, the arcs will become smaller, and a little more opening will be re-
quired to magnily the arc. After several adjustments we will be close to the
center. A magnifying glass should now be used to help see whether there is still
any arcing of the stylus tip. The graph lines will aid the eye in determining this.
By viewing down one line and then down the crossing line, it is possible to
see whether there is any slight arcing. If there is, adjustment is continued until
it disappears completely.

We must learn to distinguish between the pure hinge movement and the
movement with some translation. Every patient inadvertently will make a trans-
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Fig. 42. The character of the movement of the stylus point of the hinge-bow indicates in
which direction the stylus must be moved in order to find the center of rotation. The double
arrowhead indicates the direction of movement of the stylus point on the opening stroke.

Fig. 43. Only the tip of the stylus of an adjustable hinge-bow is on the axis. The cards must be
close to the skin to avoid error. When a transfer is made, the stylus pins cannot be moved
in or out.
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latory movement every third or fourth try. Some patients will be most coopera-
tive. Others will be exasperating. Nevertheless, an axis must be achieved if the
rest of the procedures are to be correct,

The axis center must be located on each side. What is being located is the
hinge action on the side of the face. It is a point on the hinge axis and not the
actual center of rotation (Fig. 43). Consequently, the location of this point must
be made as close to the skin as possible. This means that the flag must be very
close to the skin.

Marking the axis location on the patient

When the operator is satisfied that these points have been located on the
axis, the flags are removed from the patient. A marking medium, such as an
indelible pencil, is rubbed on the end of the stylus. Make sure the patient is in
the terminal hinge position and then have him move his head out of the head
rest, making sure that he does not also move out of the terminal hinge position.
The stylus is gently pushed against his face to transfer the point to the skin (Fig.
44). These marks are made permanent by using a special needle and a little
pink marking dye--sulfide of mercury.

Fig. 44. Position of patient when axis loca-
tion is marked on patient. Patient is in cen-
tric relation.

In all subsequent transfers we must try to simulate these conditions—the skin
in the same relaxed position and the stylus pins locked the same distance from
the face as they were before the flags were removed. This is usually one sixteenth
of an inch from the skin. By so doing, any possible error in transference is re-
duced to an absolute minimum. In addition, the stylus pins must be locked and
not moved until the mounting is completed. The articulator has to have an
intercondylar axis that can be extended to these points so that the transfer is
accurately lined up with the axis of the machine.

Selection of a face-bow

From a purely theoretical point of view, an ordinary face-bow such as a
Snow or Hanau can be used to locate the hinge axis. To attempt to use either



The hinge axis 53

one of them in actual practice, however, is an impossibility. Just let one try
to make micrometer adjustments from a universal joint on the front bar and
see how far he will get. It is a bit more practical to use one of these bows as a
transfer instrument, provided that the styli are perfectly lined up one to the
other. As a matter of fact, if the styli are perfectly lined up and if the bow can
be locked by means of the universal joint in front so that the points of the styli
are on the axis locations, then it will not be necessary to have an articulator with
an expansible intercondylar axis. Under these circumstances, it is possible to
bring in the styli pins an equal degree toward the intercondylar axis of the
articulator and still stay on the axis.

From practical experience, however, it is far easier and more accurate to use
a fully adjustable face-bow (i.e., one with arms that can be independently ad-
justed by means of micrometer screws) for both axis locations and transfers.

By means of a face-bow transfer and the mounting frame (which will be
described later), the upper cast can be properly mounted to the axis of the
patient.

The procedure of relating the upper cast to the marks on the patient’s face
may be confusing. After locating the axis by means of an attachment to the
lower jaw, why is the upper cast related to these marks?

HINGE AXIS AND PLANE OF REFERENCE

The hinge axis is constant to the mandible, as has been indicated. The ter-
minal hinge position, which is actually centric relation, is constant to both the
mandible and the maxillae. All our mountings are made in this relation. There-
fore, the only practical way to maintain constant relationships throughout treat-
ment is to use the axis points and a fixed third point at the base of the right orbit
as the plane of reference. Thus, the axis orbital plane will give a constant position
for the upper jaw, and a correct centric interocclusal record will establish the
position of the lower jaw to the constant upper jaw. In this way repeated mount-
ings will have a constant relation to the records and to the patient’s centers of
rotation.

DISCUSSION AND CONCLUSION

Many have attempted to find fault with the hinge axis and to disprove it.
Their criticisms cover such things as skin mobility, change of the axis, the
introduction of errors by moving the stylus tip a slight degree, the presence of
a separate axis for each condyle, etc.

Skin mobility

Actually, skin mobility is reduced to a minimum by the precaution of
having the patient move his head out of the head rest when all references are
made to the marks. Any changes that might occur over the years from loss of
weight and the like would be minor.
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Change in axis

As far as change in the axis is concerned, the only changes 1 have observed
have been in the joints with pathologic conditions. There, the change is usually
slight, and we always plan to relocate the axis on such patients a year or two
after the condition has cleared up.

Why use the hinge axis in these patients?

The answer is simple. Tt is still the only means of establishing a starting point
to which one can repeatedly return and to which one can definitely relate the
work as it progresses.

In every patient with normal joints whom we have rechecked over the years
for demonstration purposes and to satisty our own curiosity, we have always
been able to relocate the axis within very acceptable limits, namely, the thick-
ness of the tattoo mark.

Possibility of error due to movement

The most ridiculous criticism is the charge that error is introduced because
the stylus pin has to be moved through the thickness of the card covering the
face. Would that all our worries were of this magnitude!

Single transverse axis

The allegation that there is a separate axis for each condyle is mumbo-jumbo,
The anatomy and physiology of the joints I have studied would not permit a
two-axis arrangement.

About 1950, Dr. William Branstad, Dr. Raymond Garvey, and the late Dr.
Robert Okey conducted an experiment to determine whether there was one
transverse axis through both condyles or an axis for each condyle. They found
that there was one transverse axis.

Fig. 45. Rigid clutches used to attach 36-inch crossbars to patient’s teeth.
Fig. 46. Graph-lined flags attached to upper bar; adjustable styli attached to lower bar; axis
center located in four areas,
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Dr. Arne Lauritzen, working with a study group, repeated the same experi-
ment about 1957 and arrived at the same finding,

Dr. Frank Celenza and 1 repeated the experiment during the summer of
1959, with the same result.

In the fall of 1959, the Hinge Axis Committee of the Greater New York
Academy of Prosthodontics repeated this experiment and concluded that there
was only one transverse axis through both condyles.

This, in brief, was the experiment. Clutches were cemented to the patient’s
teeth. A crosshar 36 inches long was attached to the upper clutch, and ancther of
the same length was attached to the lower clutch (Fig. 45).

47

50

Fig. 47, Light rays are visible through all four pinholes made where centers were located.
Fig. 48. Camera set up with pen light as the source of light at far end of flags.

Fig. 49. Light recorded on film plate proving a single transverse axis.

Fig. 50. Dental floss threaded through four pinholes makes a straight line when pulled taut.
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Four graph-lined flags were attached to the upper bar for the purpose of ac-
curately locating the center of rotation. One flag was placed on each side of
the face, close to the skin, The other two were attached near the ends of the
upper bar, about 12 inches from the flags against the face.

To the lower bar were attached four adjustable sidearms, to be used in lo-
cating the center of rotation. As in Fig. 46, each sidearm was placed against a
flag.

The center of rotation was located in each of the four areas, ie., each side-
arm was adjusted against its corresponding flag until there no longer was any
arcing but only rotation of the stylus point. When all four centers of rotation
had been accurately located and the patient held in centric relation (terminal
hinge position), the cards on the flags were carefully marked with the tips of
the styli.

The upper bar with flags attached was then removed from the clutch. With
a fine, heated instrument a tiny hole was burned through each card where it
had been marked. When the four flags were held up to the light, it was possible
to see the light through all four flag holes (Fig. 47), thus proving that the four
points had to be on a straight line. Thus, it was concluded that there was only
one transverse axis.

To demonstrate this more emphatically, we set up the bar and flags as in Fig.
48 and with a small pen light passed rays of light through the four holes. The
camera at the other end of the four flags recorded the light rays coming through
the four pinholes (Fig. 49). In addition, a piece of dental floss was threaded
through the holes. When pulled taut, it was perfectly straight (Fig. 50). This
was conclusive proof of the existence of only one transverse hinge axis.

Reference

1. McCollum, B. B.: A Research Report. Part 1, Fundamentals Involved in Prescribing Restora-
tive Dental Remedies. Reprinted in 1941 from Dental Items of Interest, June, July, Aug.
Sept., Oct., Nov., and Dec., 1939, and Jan., and Feb., 1940,



CHAPTER 4

The construction of cluiches

DEFINITION AND PURPOSE

Clutches are appliances which secure the writing apparatus to the patient’s
jaw. They are of extreme importance and should be made with great care. Their
design and construction can spell the success or failure of extraoral tracings.

For some reason, the making of clutches seems to be a major stumbling block
to many men when they first attempt this work. It is true that certain procedures
not related to dentistry are involved, but they are not so complicated that they
cannot be mastered quickly by any dentist or technician.

The purpose of a clutch is to enable the equipment to be attached rigidly to
the patient’s jaws for the purpose of recording the mandibular movements. The
attachment must be so rigid that any possibility of movement between the ap-
paratus and the jaw bone is absolutely eliminated.

Clutches are not stock appliances. They must be individually constructed
for each patient, Edentulous patients require additional attention, which will
be described separately. \

Study casts should be mounted on an articulator by means of an approximate
face-bow mounting and a good centric interocclusal record. Unless the casts
are properly mounted, the clutches will not be correctly related to each other and
to the patient. This will cause serious problems when registrations are secured.

The procedures which follow may appear to be unnecessarily complicated,
and there may be a temptation to take short cuts. To do so, however, could be
disastrous, for experience has demonstrated that these steps are absolutely
essential,

PREPARATION OF THE CASTS

Upper cast

A strip of Tenax* baseplate wax is adapted and luted to the labial and lingual
surfaces of the teeth. The strip extends from the occlusal surfaces to the muco-
buccal fold labially. Lingually, the wax strip extends from the occlusal surfaces
to the gingival crests and covers the entire palate (Fig. 51). All edentulous

*§. S. White Dental Manufacturing Co., Philadelphia, Pa.
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Fig. 51. Wax relief on upper cast. Note edentulous areas filled in with wax.
Fig., 52. Wax relief on buccal and lingual surfaces of teeth on lower cast,
Fig. 53. Lower cast with wax relief covered with 1/1,000-inch tin foil,

spaces are blocked in'with a roll of wax so that the filled-in space is continuous
with the adjacent teeth. A layer of 1/1,000 inch of tin foil is adapted over the
entire cast, covering the occlusal surfaces, palate, and labial structures beyond
the mucobuccal fold.

Lower cast

Strips of Tenax baseplate wax are adapted to the buccal and lingual surfaces
of the teeth. On the buccal surface, the strip extends to the mucobuccal fold.
On the lingual surface, the strip extends slightly. beyond the gingival crests
(Fig. 52). Over the entire cast a layer of 1/1,000 inch of tin foil is adapted
(Fig. 53). The occlusal, labial, and lingual surfaces are all covered with tin foil.
A thin laver of petrolatum is applied over the tin foil on both upper and
lower casts.
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Fig. 54, Tin foil over wax relief on upper cast.
Fig. 55. Wax adapted over lubricated tin foil on upper cast to begin clutch pattern.

WAXING UP THE CLUTCH PATTERNS

Upper cast

Tin foil is adapted over the relief wax on the upper cast (Fig. 54). Over the
lubricated tin foil covering the wax relief a layer of Tenax is loosely adapted.
Care must be taken not to thin out the wax as it is adapted over the palatal
area. If necessary, the wax can be cut in the middle of the palate and joined
to a piece from the other side, being sure that the ends are luted together
thoroughly and smoothly.

Wax adaptation. The wax pattern is carried just short of the mucobuccal
fold labially, care being taken to keep it short of any muscle attachments. Pos-
teriorly, it is carried to the molar arvea, usually distal of the first molar. (If the first
molar is missing, we carry it to the second molar.) The posterior border is con-
tinued from one side of the arch to the other, similar to a full denture outline
(Fig. 55).

Placement of wax blocks. The wax pattern is then chilled and removed and
trimmed with a warm spatula until the desired outline is achieved. Following
this, it is replaced on the cast and carefully readapted. On both sides, labially
in the molar area (or on the side of the last tooth included in the clutch pat-
tern), a Tenax wax block %-inch square and %-inch wide is placed and luted
to the wax pattern with a warm spatula (Fig. 56).% Since these blocks of wax

*This wax block is the area where the clutch will later be separated into halves. We
must always be sure to have the separation block in the middle of the last tooth included in
the clutch; otherwise the cement will lock the body portion of the clutch too securely, and
there may be considerable difficulty in removing it. If the separation is made through the
middle of the last included tooth, the labial portion of the clutch will then unlock the cement
and facilitate the removal of the body of the clutch.
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Fig. 56. Wax pattern of upper clutch with blocks added on distobuccal surfaces and an-
teriorly. Note reinforcing rib on side of clutch pattern.

are the areas into which the screws will later be placed, they must be of
sufficient thickness to permit drilling and tapping for a 2/56 screw. The pos-
terior portion of the wax block is tapered to blend with the wax pattern so that
the finished clutch will be comfortable for the patient.

In the anterior region on the labial surface of the wax pattern, another wax
block is placed to accommodate the attachment of the stud (Fig. 56). On
the upper pattern this is usually placed to the left of the patient’s midline. The
exact spacing of this block which will carry the stud depends upon the particular
type of writing apparatus used. For the McCollum gnathograph a spacing in-
strument is available which gives adequate clearance for the apparatus (Fig.
57). A spacing instrument is also available for the Stuart instrument (Fig. 58).
Actually, the spacing is the same for McCollum’s and Stuart’s writing apparatuses.
With Granger’s apparatus the studs have to be placed farther apart laterally and
closer vertically than with McCollum’s instrument. The space required for the
extraoral bearing pin and plate is the reason for this (Fig. 59). In all of these
instruments the studs must be parallel to each other and at right angles to the
hinge axis in both the vertical and horizontal planes.

To add rigidity to the finished clutch, a strip of Tenax wax %-inch square is
Iuted to the labial surface of the wax pattern between the posterior wax block
and the stud wax block (Fig. 60).

Consideration of bearing device. If an intraoral bearing device is to be
used, then a piece of 14-gauge brass or nickel silver must be cut out and placed
in the middle of the palate, extending to the lingual of the anterior portion of
the wax pattern. This is waxed to place so that it will be held in the aluminum
after the pattern is cast (Fig. 60).

If the patient has a very deep vertical overlap, the bearing plate of the
upper cast may be made concave by a gradual bend in the middle. Also, the
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Fig. 57. Stud spacer for McCollum gnathograph.

Fig. 58. Stuart’s stud spacer used to position studs properly to clutch wax patterns.

Fig. 59, Granger’s external bearing pin and plate require greater lateral space between studs.
Fig. 60. Bearing plate waxed to place in center of upper clutch wax pattern.

anteroposterior inclination may be arranged to give adequate clearance of the
anterior teeth without excessive separation of the feeth in the centric
relation.

When an extraoral bearing device is used, this plate is eliminated altogether.

Lower cast

Wax adeptation. The lower wax pattern is similarly waxed up. A layer of
Tenax is adapted over the foil covering the teeth and carried just short of the
mucobuccal fold labially. Lingually, it is carried to just beyond the gingival
crest (Fig. 61). Posteriorly, the lower wax pattern is terminated in the molar
area (the first molars, if present; otherwise the second molars). If the area
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distal to the bicuspids is edentulous, a short saddle area is advisable to ensure
stability of the clutch during the registrations.

Placement of wax blocks. Wax blocks are attached labially in each molar
area and tapered posteriorly to blend with the distal edge of the clutch (Fig.
62). The anterior wax block is positioned to carry the stud (usually to the
right of the patient’s midline), the exact position depending upon the par-
ticular writing apparatus to be used (Fig. 63). The lower stud block is re-
lated to the upper stud block in a very exact manner to facilitate the posi-
tioning of the apparatus on the patient. The wax blocks for the studs must
so be placed that the studs can be positioned parallel to each other. The im-

Tig. 61, Wax adapted to lubricated tin foil on lower cast to begin lower clutch pattern.

Fig. 62. Wax blocks added to wax pattern being developed for lower clutch. Note reinforce-
ment strip on side of pattemn.

Fig. 63. Labial block of wax added for stud attachment.

Fig. 64, Plate of 14-gauge brass or nickel silver waxed to place. This plate will be drilled and

tapped for bearing screw,
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portance of this will become evident when the locked writing apparatus is re-
moved from the patient,

The lower wax pattern is reinforced with a %-inch square strip of Tenax wax
around the labial area—between the posterior and anterior wax blocks (Fig. 63},

Consideration of bearing device. 1f an intraoral bearing device is to be
used, it is then necessary to place a piece of 14-gauge brass or nickel silver in the
lingual anterior area of the clutch pattern so that it will be engaged in the
aluminum when the pattern is cast. This is horseshoe-shaped to prevent it from
impinging too much upon the tongue ( Fig. 64).

If an extraoral bearing device is used, there is no need for a plate in the
lower clutch.

The use of Granger’s external bearing plate and pin attached to the writing
apparatus is obviously advantageous. It makes it easier for the patient to keep
the condyles from dropping down into physiological rest position during the
extraoral tracing registrations. It also makes it much easier to move the articulator
for adjustment to the writings.

However, there are also some complications and disadvantages. These are
encountered if there are insufficient teeth to retain the clutches. Frequently the
clutches will be loosened before completion of the writing. Of even greater
consequence is the ability of the patient to strain the apparatus while it is being
locked together.

In order to take advantage of the benefits of the extraoral bearing arrange-
ment and still eliminate the disadvantages, we decided to attach the bearing
apparatus directly to the clutches, but in the labial areas instead of in the
lingual areas as we had done for many years (Figs. 65 and 66). This solved

Fig. 65. Side view of clutches with the mnewer external bearing arrangement attached di-
rectly to clutches.

Fig. 66. Front view showing relation of screw on upper clutch to plate on lower clutch in the
newer external bearing arrangement.
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the problem very satisfactorily, It is more convenient to place the bearing plate
on the lower clutch labially and just above the stud block. This plate can be
bent in the middle to allow lateral clearance of the teeth without excessive
opening in the centric relation. The plate can be positioned (tilted from an-
terior to posterior) so that it clears the teeth in protrusive movement, again
with a minimum of opening.

The bearing pin is attached to the upper clutch labially and above the stud
block, where it can conveniently be adjusted if necessary, after the clutches
are cemented to place. This arrangement simulates the anterior guide of an
articulator and has a similar function,

We have found that this method realizes all the advantages of an extraoral
bearing arrangement without any of the disadvantages.

SPRUING, INVESTING, AND
CASTING OF CLUTCH PATTERNS

Having decided on the type of bearing method to be used, we are now
ready to sprue the clutch patterns for investing and casting. The type of spruing
will depend upon the casting machine to be used. If it is to be a centrifugal
end-over-end machine, the patterns are best sprued from the back end (Figs.
67 and 68). Flat sprues made of three layers of Tenax baseplate wax are at-
tached to each side of the pattern, joined together, and made into a sprue former,
An oval ring 4 inches in diameter is saitable for this type of spruing and invest-
ing (Fig. 69). A mix of any kind of casting investment is made, and the ring

Fig. 67. Upper clutch pattern sprued for investment,
Fig. 68. Lower clutch pattern sprued for investment.
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Fig. 69. Oval flask used for investment of clutch patterns when latter are sprued from
posterior segments.

Fig. 70. Aluminum clutches as they are removed from investment after casting.

Fig. 71. Cast clutches with sprues removed.

is filled up. The wax pattern is then painted with investment and inserted into
the ring investment. These are not precision castings. They are to be loose-
fitting castings which will be cemented over the teeth.

The wax pattern is now eliminated. This can be partially accomplished with
boiling water and with the sprue holes facing up. After the bulk of the wax
is thus removed, the flasks are transferred to a burnout oven for complete elimi-
nation of the wax residue. The flasks must be burned out just as they would be for
a gold casting. After the pattern and residue have been thoroughly eliminated,
the flasks are permitted to cool to room temperature. Then the aluminum is
melted and cast into the mold and allowed to bench cool before being

quenched.
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The castings are now cleaned (Fig. 70); the sprues are removed with a
carborundum disc or gold saw; and the castings are ready to be machined to
the final condition. They are smoothed, if necessary, with heatless stones, and
the sprue ends are removed (Fig. 71).

MACHINING THE CLUTCHES

The thickened portions (wax blocks) are the areas where the castings are
separated. The purpose of the separation is to facilitate the removal of the
clutches after the registrations are completed. Prior to cutting through the
blocks, however, we must drill and tap them so that the two parts can be held
together during the procedure.

Fig. 72. Drilling holes in separation blocks.
Fig. 73. Drilling holes in stud blocks.

Drilling and tapping procedure

A No. 49 airplane type of drill is used either in a small drill press or
in a Jacobs chuck® on a lathe. Two holes (one above the other) are drilled
into each block (Fig. 72). Two holes are also drilled into the stud block
(Fig. 73). The latter holes must be accurately positioned so that the stud
plate can be securely fastened to the aluminum stud block. After all the
holes are drilled, a 2/56 tap and hand wrench are used to tap the holes
for screws (Figs. 74 and 75). Turpentine is an excellent lubricant for aluminum
tapping.

*Jacobs Mfg. Co., Hartford, Conn,
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Fig. 74. Tapping holes in separation blocks.
Fig. 75. Tapping holes in stud blocks.

Separation of clutch

After all the holes are drilled and tapped, the clutch is separated into its two
halves (Figs. 76 and 77). This is accomplished with a gold saw. The stud is at-

Fig. 76. Clutch after labial portion has been separated from body. Note stud in place to
facilitate handling during separation. Note, also, that this clutch is for external bearing ar-
rangement and has no plate in vault.

Fig. 77. Lower clutch separated into two parts. Note stud in place to facilitate handling dur-
ing separation. This clutch is for external bearing arrangement because it has no intraoral plate.
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tached to the stud block, the stud being used as a handle while the casting is
cut. The stud may be placed in the Jacobs chuck of the lathe and used as a
bench vise while this is being done. With a thin saw blade, we cut through the
blocks and continue the cut through the occlusal surface in a zigzag manner
until it joins the cut through the block on the other side. This will separate the
clutch into two parts.

Assembly of clutch halves

With a crosscut fissure bur, the threads are removed from the blocks of the
labial portion of the clutch. This will facilitate the assembly of the clutch halves.
With this bur, a slight groove is made on the blocks of the body portion of the
clutch (Fig. 78). This groove will permit the insertion of a small screw driver
to help pry apart the two halves of the clutch when they are removed from
the mouth. These details are very important!

The clutch halves are now reassembled, the screws are placed in position,
and the clutches are examined for any sharp areas that might be uncomfortable
for the patient.

If an internal bearing device is being used, the spot on the lower plate

78

Fig. 78. Groove in separation block permits insertion of small screw driver to pry apart clatch
section.

Fig, 79, Completed upper clutch with central bearing plate.

Tig. 80. Completed lower clutch with central bearing point.
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that is to be drilled and tapped for a 6/32 screw is located. (The tip of the
screw should be rounded over if it is to be used as a bearing point.) The location
must be carefully made. The assembled clutches are placed on the models on
the articulator, and the hole is located so that the bearing screw will fall in
the middle of the upper plate (from side to side) and as far forward as the
lower anterior teeth will permit.

The clutches are now ready for the patient (Figs. 79 and 80).



CHAPTER 5

Registrations

Since the practice of dentistry began, men have attempted to conveniently
relate casts of the upper and lower jaws. From the early emphasis on convenience
to the more recent emphasis on extreme accuracy, there have been many varia-
tions in equipment and procedure.

PROBLEM OF DUPLICATING JAW MOVEMENTS

Early efforts were concerned with a simple method of bringing the upper
and lower teeth together—occlusal contact, the end result. Unfortunately, this
is as far as probably 95 per cent of the dentistry goes today. There have been
many attempts over the years to better simulate the actual movements of the
jaws so that a more accurate correlation could be made of the various parts of
the masticating mechanism. Because for a long time the efforts along these
lines were not successful, men who were trying to do better dentistry spent
many hours attempting to accomplish this by working directly in the mouth.
Obviously, this was very difficult and frustrating, and the ideal end result
was never attained.

The basic fundamentals of jaw movements were not fully understood. At-
tempts to duplicate jaw movements fell short of the expected results, and
men would go back to the old methods of trying to adjust restorations in the
mouth, The fact that there are over 750 patents on articulators in the patent
office in Washington is impressive evidence of this lack of understanding!
Although considerable progress was made as a result of all these instruments,
not more than half a dozen came close to actually duplicating the jaw movements,

Obviously, if any extensive restorations are to be constructed and if these
restorations are to function harmoniously in the patient's mouth, they should
be made on an instrument which accurately reproduces the patient’s jaw
movements. It would in fact be desirable to have the patient’s head on the
laboratory bench!

70
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SPECIFICATIONS FOR AN ARTICULATOR

Chapter 2 indirectly lays out the specifications for an articulator. The first
requisite is an opening and closing axis so located that casts of the mouth can
conveniently be placed the corresponding distance from the axis. Adjustable
centers of rotation are the next requisite in order that the articulator can be
adjusted for all patients. There must also be some means of reproducing the
inclination and curvature of the articular eminence,

In addition, a means of limiting the amount of side shift (Bennett move-
ment) must be provided. This must be accurately adjustable and replaceable
so that a new part can be carved for each patient.

The most important specification, without which fidelity of movement re-
productions cannot be obtained, is the split axis. This enables the side shift
to be duplicated exactly as it is recorded from the patient. The movement in
the condyle region may be upward and backward, downward and backward,
or upward and forward.

When the fundamental movements are reproducible, the other refinements
are merely for convenience, e.g., adjustable anterior guide, method of cast
mounting, separation of upper and lower bows, type and amount of tension
between upper and lower bows, ete.

Once we understand the fundamental movements and have an articulator
that will reproduce them, the next consideration is a means of recording the
movements and transferring them to the articulator.

This effort ran a course parallel to that of articulator design.

One of the more serious errors perpetrated until recently was the failure
to recognize the hingelike action of the temporomandibular joint. Barn-door
hinges and articulators of similar design were not made to accommodate the
proper mounting of casts to the axis of the articulator. Even later, when
men began to design articulators with bows so situated that casts could be
placed in proper relationship to the joint, attention was still not paid to
the exact location of the centers of rotation. Yet it was a step in the right
direction.

Because most of the work in this field had to do with full dentures, slight
errors were not very discernible and inferior results were accepted. Those who
applied the techniques to matural teeth, however, soon saw the errors and
consequently discarded the equipment and proceeded to work in the mouth.
The use of interocclusal records was very limited because the casts were not
mounted to the exact hinge axis. So many handicaps were involved that such
records were soon abandoned. One of the problems which resulted from the
lack of a correct axis mounting was the mnecessity of establishing the exact
vertical dimension at the time of securing the interocclusal records. This was
an impossible task. The casts did not approach each other on the same arc of
closure because the centers of vertical rotation had not been located. Arcas
came into contact on the articulator which did not correspond to the contacting
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areas in the mouth. Only the extremes of motion (fixed positions) could be
recorded by means of interocclusal records. The in-between curvatures were
not recorded, and these were the most important.

Gysi, with his extraoral tracing apparatus, came closest to the truth as far
as jaw motions were concerned. His recording apparatus was the forerunner of
the present-day extraoral writing devices. Unfortunately, he made several serious
mistakes. First, he was experimenting with full denture patients but was un-
able to develop a method whereby the writing apparatus could be rigidly at-
tached to a patient’s edentulous jaws. Second, he did not make use of the
hinge axis. Because of the crude way in which the apparatus was attached to
the edentulous patient, Gysi came to the conclusion that the Bennett movement—
the most important of all the registrations—could not be recorded or accurately
duplicated. He thus concluded that the Bennett movement was neither constant
nor important and that an approximate setting was acceptable. Yet we know
from the work done by McCollum and the Gnathological Society from 1921
to 1940 that the hinge axis is present and usable. We know, too, that it is pos-
sible and practical to register and reproduce the Bennett movement with ac-
curacy for each patient.

Generally speaking, the adjustment of any articulator capable of adjustment
is basically the same. General directional adjustments produce similar changes
in movement. In other words, moving a center of rotation in or out produces a
- similar effect on all the instruments. However, it must be determined whether
the controlling factors are similarly placed. For example, in one articulator (the
gnatholator) the Bennett guides may be on the upper member, whereas in an-
other (the gnathoscope) they may be on the lower member. The surfaces limit-
ing the side shift (Bennett movement) would be just the opposite in these
two instruments.

The best way to clarify the particular adjustments of any articulator is to as-
semble a writing apparatus on an articulator and make a set of tracings with
the instrument at a convenient arbitrary setting. By carefully changing a control
in each direction, we may observe what effect this has on the relation of the
styli to the tracings. If this is done with all the controls, one at a time, returning
the control to the original position after each observation, we can visualize
how each control would have to be moved in order to make the styli follow
the tracing of a practical case.

MAKING THE REGISTRATIONS

Gnathograph

The most accurate practical method of recording jaw movements is the
use of an extraoral tracing device.*¥ Actually, this is a pantograph that scribes

*H. D. Justi & Son, Inc., Philadelphia, Pa.
iDr. Charles E. Stuart, Ventura, Calif.
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the paths of the centers of rotation of the mandible. The tracings are made in
three dimensions simultaneously. They are made in certain areas for convenience
and facility although, theoretically, they could be made in any three planes at
right angles to each other.

The writing apparatus must be rigidly attached to the maxillary and man-
dibular teeth. This is accomplished by cementing loose-fitting aluminum castings

Fig. 81. Aluminum clutches with studs attached ready for registrations. Note absence of
bearing plate and screw. These clutches are to be used with the external bearing plate and pin.
Fig. 82. Separable feature of stud, which permits accurate reassembly of the clutch to the
stud in preparation for mounting the writing on the articulator.
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over the teeth. (In edentulous mouths special clamps are used to attach the
writing apparatus to the jaws.) A stud projects from the front of each of these
castings (Fig. 81), and it is so constructed that it can easily be separated from
the clutch and then accurately repositioned against the clutch (Fig. 82).

The clutches are made in such a way that the labial part can be detached
by removing several screws. This facilitates removal of the clutches when the
writings are completed. The clutches have to be separated vertically so that there
will be no tooth guidance during the registrations. The minimum amount of
separation ‘that will ensure this is desired. A bearing screw in the lower clutch
working against a plate in the upper clutch provides for this separation (Fig. 83).

Fig. 83. Clutches with intraoral bearing arrangement,

Extraoral bearing arrangements

Granger has developed an extraoral bearing point which can be adjusted and
which has some real advantages over the intraoral bearing point (Fig. 84).
However, sufficient teeth must be present, and they must be well gripped to
ensure clutch stability during the writings; otherwise, the increased leverage de-
veloped because of the position of the bearing point may readily dislodge the
apparatus. We subsequently devised a method of placing the bearing plate and
screw on the anterior labial flanges of the clutches, thereby eliminating the
disadvantages of the extraoral bearing arrangement while still realizing all its
advantages (Figs. 85 and 86).

Fig. 87 shows the apparatus necessary for obtaining the required registra-
tions. In practice, it is assembled on the articulator in the laboratory in order
that the patient is not unduly inconvenienced (Fig. 88).

The clutches are tried in the mouth to make sure that there is proper clear-
ance in all directions. Then a relatively heavy mix of zinc oxide and eugenol
paste (Ackerman’s powder and liquid) is prepared and applied to the upper
and lower clutches. The clutches are inserted in the mouth and seated firmly



Fig. 84, Extraoral bearing arrangement designed by Granger.
Fig. 85, Extraoral bearing arrangement attached to clutches developed by Lucia (side view).
Fig. 86, Front view of Lucia’s extraoral bearing arrangement,

Fig. 87, Various parts of a gnathograph prior to assembly.
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Fig, 88, Gnathograph assembled on articulator to facilitate procedures on patient.

to place. Cotton rolls are used to ensure their proper positioning while the mix
is setting.
Assembly of writing apparatus on patient

After the clutches are securely fastened to the maxillae and mandible (Fig.
89), the writing apparatus is assembled on the patient.

Fig. 89, Clutches cemented in patient’s mouth. Note cotton rolls for accurate seating of clutches
and soft wax covering stud plates to prevent excess cement from getting on plates.
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Fig. 90. Cohen’s trainer on patient (closed position ).
Fig. 91, Trainer on patient (open position).

Because the location of the axis requires an unfamiliar jaw movement, it is
advisable to have the patient practice this movement before the apparatus is
attached. To aid the patient in separating the hingelike action from mandibular
movements, we recommend the use of the trainer designed by Dr. Raymond
Cohen, which is fully described in Chapter 2. This device will help the patient
to open and close the mouth without protruding the jaw (Figs. 90 and 91).
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Fig. 92. Upper and lower crossbars carrying toggle for axis-orbital support, pins, and slide
holders for anterior tracings are quickly placed by means of the separable feature of the stud.
Fig. 93. Graph-lined flags are placed on upper bar. Adjustable sidearms are placed on lower
bar for axis location,

The crossbars which were fastened to the studs by means of the universal
joints are now attached to the clutches by the separable feature of the stud (Fig.
92). Undue torque on the clutches is avoided since the universal joints were
tightened prior to insertion in the patient’s mouth. The bars are approximately
parallel and thus will not interfere with each other nor with the rest of the
equipment,
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The patient is now asked to open and close the mouth a few more times
before the trainer is removed, After this is done, a graph-lined flag is attached to
the upper bar over the condyle area. One flag is placed snugly against the pa-
tient’s face on each side. Attached to the lower bar is an adjustable sidearm,
carrying a stylus pin, which is placed on the side of the flag in the joint area,
one on each side (Fig. 93).

Location of hinge axis

When this much of the apparatus is securely tightened, the location of the
axis is undertaken. As has been previously pointed out, a pure hingelike move-
ment is not natural to a patient—hence the necessity for some coaching, In addi-
tion to the trainer method which we have discussed, an effective way of explain-
ing this type of movement is to have the patient place a finger on the operator’s
chin while he demonstrates the type of unstrained opening and closing motion de-
sired. Some patients will be quicker than others to comprehend what is wanted.
Most patients, however, will persist in executing some translation with the hinge-
like action about every third or fourth time. We soon learn to distinguish this
from the pure hingelike action.

After it has been successfully demonstrated to the patient what is needed,
attention is next directed to the action of the tip of the stylus as the patient ex-
ecutes the hingelike movement. The tip of the stylus will arc in a definite direc-
tion, depending upon its relation to the actual centers of rotation. By visualizing
the center that a compass must have in order to generate the arc that we see,

Fig. 94. Tip of stylus in relation to graph lines on flag. Patient in closed-jaw position.
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Fig. 95. Tip of stylus in relation to graph lines on flag. Patient in opened-jaw position.

it can immediately be determined in which direction the stylus tip has to be
moved to get closer to the center of rotation. By trial and error and repeated
adjustments, it is possible to arrive quite readily at the exact center of rotation
(Figs. 94 and 95), which is indicated when the tip of the stylus will no longer
arc; it will merely rotate. Remember, we are interested only in the point of the
stylus, The rest of the stylus will continue to arc, unless by pure luck the
entire stylus is exactly in line with the patient’s hinge axis. This is not practical,
nor important. ‘
After the centers of rotation are located on each side, a permanent mark of
the location must be made, for these centers will be referred to many times
during the course of treatment. In order to minimize the possible error of
skin movement, the patient must sit upright in the chair.® This will eliminate
any possible skin displacement which could occur from pressure against the
head rest. When it is determined that the patient is in the terminal hinge position,
the graph-lined flags are removed, and the mark against the patient’s skin is care-
fully transferred by moving in the stylus tip so it will touch the face (Fig. 96).
A wet indelible pencil rubbed against the stylus tip will do the job neatly and
quickly. The marks are made permanent with a thin tattoo needle and some
English vermilion (sulfide of mercury). This completes the use of the flags at-
tached to the upper bar and the sidearms carrying the stylus pins atached to the

*In subsequent reference to the centers of vertical rotation (hinge axis), the patient is
always seated upright in the chair to simulate the conditions that existed when the original
markings were made.
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Fig. 97. Flags and hinge axis locating arms removed.

lower bar. They are, therefore, removed, and the crossbars are left in place for
the next part of the registrations ( Fig. 97).

On the upper bar are located two tubes for the anterior styli—one on each
side of the stud. Between the stud and the stylus tube on the patient’s right
side, there is a universal clamp which will be used to hold the axis-orbital
support. The sidearms with the slide holders are placed on each end of the
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upper crossbar (Fig. 98), and they are positioned so that the center of rotation
pin coming from the face side of the vertical (condyle) slide is situated over
the center of rotation (Fig. 99). The pins are of several sizes, and selection is
according to the width of the face. The wider the face, the shorter the pin will
be. The object is to space the sidearms so that they will not interfere with the
articulator adjustments when the gnathograph is mounted on the articulator
for its adjustment. When the pin of proper length is selected, the sidearm (and

Fig. 98. Slide holder sidearms are placed on upper crossbar,
Fig. 99. Pin of slide holder adjusted to axis located on side of face. Patient in upright position.
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Fig. 100. Bennett slide holder approximates the condyle path inclination.
Fig. 101, Horizontal pin adjusted to axis projection. Patient must be in the terminal hinge

position.

slide holder) is brought against the face until the tip of the pin barely touches
the skin without any impingement. The patient is seated upright for this ad-
justment. The horizontal slide holder (Bennett movement) is at a right angle to
the vertical (condyle) slide holder and at a convenient angle approximating the
condyle path direction (Fig. 100). The sidearm is similarly positioned on the

other side.
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The lower bar attached to the lower clutch has two horizontal slide holders,
one on .each side of the stud and inside the outer edge of the face. They are
inclined at a convenient angle, again approximating the condylar inclination.
The sidearms used on the lower have the stylus tubes—one vertical to trace
against the horizontal (Bennett) slide and the other horizontal to trace against
the vertical (condyle) slide. The horizontal stylus is adjusted so that it, too, is
situated over the center of rotation when the patient is in the centric relation
position (all the way back), as in Fig. 101. After this is repeated for the opposite
side, the writings are taken.

The tracings

McCollum, Stuart, and Granger methods. In the earlier gnathograph de-
veloped by McCollum and associates, waxed glass slides were used to make
the tracings. A very thin layer of carnauba wax was melted over one side of the
glass slide, and after the tracings were made, they were etched with hydrofluoric
acid. The remainder of the wax was then melted off the glass slides, and the
permanent etchings were used to set the articulator. The one great advantage
of this method was the fact that several tracings would be taken and superim-
posed to ensure that the extreme base tracings for the patient had been recorded.

The method had disadvantages, too. There were the difficulty of waxing
the slides correctly, the nuisance of etching the slides with the very dangerous
hydrofluoric acid, and, most important, the possibility of being fooled in setting
the articulator because of the “ditch” of the etchings. Still, it was the most ac-
curate way of doing the job until recently, when Stuart and Granger brought
out true writing apparatuses.

Stuart’s method is to paint tin oxide on the slides (on the holder, actually).
After the stylus cuts a path in the oxide, the tracing is preserved by covering
it with cellophane tape. Granger uses a finely sharpened pencil lead which
scribes on a piece of white paper glued to a slide. After the tracing is obtained,
it, too, is protected with cellophane tape. Neither of these procedures makes
it easy to superimpose tracings. Stuart retraces his tracings, and if they do not
smear, it is assumed that the base tracing has been recorded. With Granger’s
method, onion skin paper could be used and the tracings superimposed. Ac-
tually, though, if a chew-in for the envelope of motion is taken and then the
single tracing on a separate set of slides, it is possible with a little experience
to determine whether the base tracings have been obtained.,

To obtain the most accurate registrations possible, we recently combined the
old McCollum method of waxed glass slides with Granger’s pencil tracings on
white paper.

Six thinly waxed slides are placed in the holders. The replaceable metal
pins are sharpened to a needle point, and the chew-in is obtained. This gives
the border movements of the patient (Fig. 102). The metal pins are now replaced
with sharpened lead. points, and the waxed glass slides are replaced with the
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Fig. 102, Chew-in on wax-covered slides gives the border movements.
Fig. 103. The waxed glass slides are replaced with paper-covered metal slides.

paper-covered aluminum slides (Fig. 103), When satisfactory tracings are made
on these slides, they can be checked for accuracy by superimposing the chewed-in
waxed slides over them. To be accurate, the border limits must coincide. This is
easily visible, for the chewed-in waxed slides are transparent, and the pencil
line can be seen through them,

Directing patient into the excursions. Whichever the choice of procedure may
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be, the tracings are secured in the same manner. The patient is instructed as
to the movements required. There must be no separation of the jaws, just a
sliding in the various directions. Usually as a practice run and to check the ap-
paratus for clearance, we have the patient move in every direction. By so doing,
he will develop the envelope of motion. Next, we have him practice giving

Fig. 104. Patient in protrusive excursion.

Fig. 105. Schematic drawing of a protrusive tracing. Note that on the posterior slides the
tracings follow the movement of the condyles. On the anterior slides they seem to go back-
ward, This is so because the anterior slides are attached to the lower jaw, and the tracing pins
are on the upper jaw. The posterior slides are fastened to the maxillae, and the tracing pins
nre fastened to the mandible,



Registrations 87

single, directed tracings. We go through the retraction of the styli after each
excursion so that he will know what to expect when we do it for the final
tracings.

The patient is directed to the centric position, the starting point. All the
pins are released against the slides. He is instructed to move forward as far
as possible and to hold there for a moment until we retract the styli and secure
them out of contact (Figs. 104 and 105),

We instruct the patient to retwrn to the starting point, and the pins are
released against the slides again. He is directed to move to one side and to
hold that position (Figs. 106 and 107). It is advisable to place a thumb on
the side of the patient’s jaw to guide him into the lateral excursion being re-
corded. This will ensure the recording of the full Bennett movement. Many pa-
tients, when they have had lateral interferences, will not use the full Bennett
range for a while. If the full Bennett movement is not recorded, the restorations
to be constructed will interfere in the lateral excursions. Therefore, it is neces-
sary to record the full Bennett range in order that the restorations will be built
to the border movements. When patients are permitted this freedom, they will
use the full range.

The pins are now retracted and locked out of contact with the slides, and
the patient is instructed to return to the starting point,

Before the pins are released, it must be ascertained that the patient has
returned to the centric position. Sometimes it will be necessary to have him move
into the protrusive relation and then go back to the centric. (In order not to
smear the tracings, the styli should be out of contact when this is done.) When
it is certain that the patient has returned to the centric position, the styli are

Fig. 106. Patient in left lateral excursion.
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Fig. 107. Schematic drawing of the left lateral excursion. The characteristics of lateral tracings
are shown. They are individual for each patient.

Fig. 108, Patient in right lateral excursion.

released against the slides, and the patient is then instructed to move to the
other side. Gentle pressure on the side of the mandible will assist this movement
(Figs. 108 and 109). The styli are retracted, and the patient returns to the cen-
tric position (Fig. 110).

It will be noticed that the patient is not instructed in right and left direc-
tions. There is good reason for this. Many patients become confused when they
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Pig. 109. Schematic drawing of the right lateral excursion. Note correlation of the tracings
from one side to the other.

Fig. 110. Patient in centric relation (at conclusion of tracings).

have to distinguish between right and left and will very often spoil the tracing
by retracing a path. Therefore, it is easier to tell them to go to the opposite side.
It also prevents our own confusion, for if we instruct a patient to go to the
right and instead he goes to the left, we are liable to become befuddled and
call the wrong signal. Then we are in a mess. Consequently, it is always safer
to instruct the patient to move to one side and then to the opposite side.
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Check for accuracy. If the tracings appear to be in order—all starting from
the same centers, all clearly traced—we are ready to check them for accuracy.
The slides are covered with cellophane tape, the styli are released against them,
and the patient repeats the tracings. If the styli follow exactly, the tracings

Fig. 111. Axis-orbital plane in position.
Fig. 112, Vise grips in position.
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can be accepted as accurate. An additional check is made by superimposing
the glass, chewed-in slides to see if the border movements were recorded.

Final steps. The axis-orbital support is now put in place on the upper bar, and
the orbital point to fix the axis-orbital plane with the two axis points is se-

114

Fig. 113. Stone on vise grips.
Fig. 114, Locked writing as removed from the patient.
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lected. The axis-orbital indicator is placed on the axis pins and on the support.
The point is marked on the side of the nose, and the indicator is removed after
the support is locked securely in place (Fig. 111). If this step is forgotten, the
writings will be useless!

The vise grips are attached on the upper and lower bars so as to approxi-
mate each other. Four grips are used—two on each bar, and they are placed
in the space between the sidearms and the anterior tracings (Fig. 112). Fast-
setting stone is used to lock the vise grips together after it is ascertained that
the patient is in the centric relation. This is accomplished by having the patient
move forward and back several times before the stone is positioned on the
grips. The patient is instructed to hold everything together firmly while the
stone sets thoroughly (Fig. 113).

The entire apparatus is now removed—upper and lower members locked to-
gether—by separating the detachable studs. This feature facilitates the removal
of the apparatus without distortion (Fig. 114). The clutches are taken from the
mouth, and the apparatus is ready for the laboratory procedure of relating it to
the articulator.



CHAPTER 6

The mounting frame and its use

DEFINITION OF MOUNTING FRAME

The mounting frame is a jig that conveniently holds a face-bow in proper
relation to an articulator. It permits accurate relationship of the cast to the ar-
ticulator while the attaching stone sets.

There are several designs of mounting frames. Basically, however, they all
perform the same job—conveniently hold two things together while they are
being permanently related to each other.

McCOLLUM SYSTEM

Description

With the McCollum system, the upper bow of the articulator is automatically
centered in the movable part of the mounting frame. The condyle paths fit on
two balls, which are the same size as the balls on the lower frame of the articu-
lator (Fig. 115). This serves to make the axis of the upper bow of the articulator
continuous with the axis of the mounting frame. On each side of the mounting
frame there are two calibrated rods (extensions of the axis) which permit the
frame to be centered between the face-bow (Fig. 116). There is a universal
clamp on the base of the mounting frame at the front end which makes it pos-
sible to hold the face-bow rigidly in position. Before this clamp is tightened,
the face-bow is lined up approximately with the movable part of the mounting
frame on which the upper bow is positioned. The more closely this is ap-
proximated, the easier will be the final adjustment to its exact position. By
means of the extension rods of the movable part of the frame, the upper bow is
centered between the points on the face-bow. The elevating thumbscrews on
the base of the movable part of the frame permit micrometer adjustment to the
points of the face-bow. When the movable part of the mounting frame (carrying
the upper bow of the articulator) is centered and in exact line with the points
of the face-bow, the axis of the articulator bow and the axis of the face-bow are
continuous.

93
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Fig. 115. The mounting frame serves as a jig in place of the lower member of the articulator.

Fig. 116. Rear view of the McCollum mounting frame. Note stylus pins lined up with inter-
condylar rods of mounting frame and equal calibrations of extension rods.
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Technique for mounting study casts,
working casts, or remount casts to articulator

The movable member of the mounting frame is now locked to the base (Fig.
117), and thus the two parts are held rigidly together on the mounting frame
base. After it is ascertained that the two axes are still continuous after the
movable part has been tightened, the cast resting on the face-bow fork (Fig.
118) is attached. The leveling device is in position on the front of the upper bow
and rests on the axis-orbital plane. This arrangement automatically makes the
upper bow parallel to the axis-orbital plane.

A workable mix of stone is prepared, and the cast is attached to the mounting
plate on the upper bow of the articulator (Fig. 119). The upper bow can be
conveniently raised to permit placement of the stone. Its return to the proper
level is ensured by the leveling device on the bow of the articulator. After
making sure that nothing has moved, allow the stone to set firmly.

By the preceding method an upper cast is attached to the upper bow of the
articulator, To complete the mounting of a set of casts, the face-bow is detached
from the mounting frame, and the upper articulator bow is removed with the
newly attached upper cast. By means of a centric interocclusal record, the
lower cast is related to the upper cast, and they are attached with sticky wax on
matchsticks or applicator sticks. The upper bow of the articulator is then as-

Fig. 117. Close-up of locking device which holds the two parts of the mounting frame rigidly
together.
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Fig. 119. Upper bow of articulator in position on mounting frame and attached to upper cast.
Note leveling device which made upper bow parallel to axis-orbital plane.
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Fig. 120. Lower cast attached to lower bow of inverted articulator. Wax centric relation record
is used to orient lower cast to upper cast.

sembled onto the lower bow, and the lower cast is attached to the mounting
plate of the lower bow of the articulator (Fig. 120).

The technique just outlined permits accurate and convenient mounting of
study casts, working casts, or remount casts to the articulator.

Technique for mounting pantograph to articulator

By a similar procedure the pantograph can be mounted to the articulator
in order that the latter may be set to the patient’s “jaw writings.”

As it is removed from the patient, the entire pantograph (upper and lower
members locked together) is attached to the mounting frame and held in posi-
tion until the upper clutch is attached to the upper bow (Fig. 121).

In completion of the mounting of the pantograph, the upper bow and the
pantograph are removed together (Fig. 122). The axis-orbital support and in-
dicator can be removed without any of the remaining parts being disturbed. The
lower articulator bow is assembled to the upper articulator bow, and the
lower clutch model of the pantograph is attached to the mounting plate on the
lower bow of the articulator (Fig. 123). In both cases, before the attaching
stone is set, care must be taken to see that the articulator is in centric position.
On the gnathoscope and the gnatholator the condyle slots must be tight against
the balls. On Stuart’s articulator the condyle ball must be against the posterior
border of the glenoid fossa.
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Fig. 121. Pantograph in position on mounting frame and attached to upper bow of articu-
lator by means of upper clutch,
Fig. 122. Upper bow and pantograph removed from mounting frame.

When the mounting frame is in use, it must be remembered that the side
pins of the face-bow cannot be moved in or out. Once they are set on the
patient’s face, they cannot be moved again until the mounting is complete.
Reference to this was made in Chapter 3, but it bears repeating lest one be
tempted to try it. The hinge action is located on the side of the face. The hinge
action in the plane of the face is on the hinge axis. However, the hinge axis may
be at an angle in relation to the front of the face or the top of the head. There is
no practical way to line up the pins of the transfer bow so that they are exactly
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Fig. 123, Lower clutch cast attached to lower bow of articulator. Articulator must be in centric

position.
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Fig. 124, Drawing showing why transfer Bow pins camuot be moved in or out once they are

set.
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in line with the hinge axis.® Therefore, by locking the pins to the facial plane
(the plane in which the hinge action has been located) and not moving them
in or out until the mounting is complete, one eliminates the possible introduc-
tion of error (Fig. 124).

The only instance in which the side pins of the transfer bow could be moved
in or out without incorporating an error would be when the entire pin on each
side was exactly continuous with the hinge axis. However, this is neither prac-
tical nor necessary so long as it is remembered not to move the pins in or out
once they are set. The reason for a mounting frame with telescoping inter-
condylar pins is to permit the axis of the articulator to be extended until it can
be aligned exactly with the tips of the transfer bow.

In a similar manner, by means of a face-bow transfer, study casts, working
casts, or remount casts containing all the restorations can be accurately mounted.
The mounting frame facilitates the relation of the upper cast to the axis of the
articulator. The centric interocclusal record permits the location of the lower cast
to the upper cast and to the lower member of the articulator. Thus, with con-
venience, the casts can be mounted in the articulator so that they will have the
exact relationship as the teeth have in the patient’s mouth.

Fig. 125, Upper bow of gnatholator with condyle assemblies in position.

*The Hanau face-bow could be wused to make a transfer if it were possible to lock the
universal joint accurately while the telescoping rods were held exactly on the axis. This is
almost impossible to do. If it were possible, then the telescoping rods could be moved in or
out. However, it still does not have an orbital reference point.
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GRANGER SYSTEM

With Granger’s gnatholator® the mounting frame is slightly different although
the principle is exactly the same.

126

127

Fig. 126. Condyle assemblies removed in preparation for positioning on mounting frame.
Fig, 127, Upper bow held in position on mounting frame by means of telescoping rods.

The condyle path and holder (Fig. 125) are removed from each side of
the upper bow (Fig. 126). The upper bow is positioned in the adjustable part
of the mounting frame and held there by the telescoping rods of the frame (Fig.

*H. D. Justi & Son, Inc., Philadelphia, Pa.
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128

ig, 128. Transfer bow assembled on mounting frame.
Fig. 129. Intercondylar rods equidistant from styli tips and in line with them.

127). The face-bow or pantograph is attached by means of a clamp to the base
of the mounting frame (Fig. 128), and the adjustable part of the mounting frame
is positioned (with the upper bow) so that the telescoping rods are equidistant
from and aligned with the tips of the stylus pins (Fig. 129). Adjustable screws
on the movable part of the mounting frame permit accurate alignment of the
two parts. A locking clamp holds this relationship until the upper bow is attached
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to the related part, whether a cast or the clutch of the pantograph (Fig.
130).

After this attachment is made, the upper bow (and the attached cast or
pantograph) is removed from the mounting frame. The condyle path and holder

4
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Fig. 130. Upper cast attached to upper bow of articulator.
Fig. 131. Lower cast attached to lower bow of articulator as related by centric interocclusal
record.,
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are replaced on each side of the upper bow, and the upper bow (with the at-
tached cast or pantograph) is placed on the lower member of the articulator
to complete the mounting (Fig. 131).

STUART SYSTEM

When Stuart’s articulator® is used, the arrangement is somewhat different,
The mounting table is simpler, and the articulator itself acts as the adjustable

132
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Fig. 132. Stuart’s articulator positioned on mounting frame.
Fig. 133. Rear view of Stuart’s articulator. Note adjustable intercondylar axis indicators.

#*Dr, Charles E. Stuart, Ventura, Calif,
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134

135

Fig. 134. Transfer bow in position on mounting frame before complete alignment of inter~
condylar axis indicators with styli tips.
Fig. 135. Intercondylar axis indicators perfectly adjusted to styli tips of transfer bow.

part of the mounting frame (Fig. 132). The face-bow or pantograph is at-
tached to the base of the mounting frame, and the entire articulator is placed
on the frame. The upper bow of the articulator has two adjustable pins
lined up with the axis of the articulator. The pins are set an equal number
of calibrations on the upper bow so that the entire articulator is centered
between the stylus pins of the face-bow or pantograph (Fig. 133). The tips
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of the pins are aligned with the tips of the face-bow (Fig. 134), thereby
making the axis continuous. The lower member of the articulator has ele-
vating thumbscrews which permit adjustment of the articulator to the face-bow

(Fig. 135).

A locking device holds the articulator in this position on the mounting frame

136
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Fig. 136. Upper cast attached to upper bow of Stuart’s articulator, Note leveling device to

parallel upper bow to axis-orbital plane.
Fig. 137. Lower cast attached to lower bow of articulator as related by means of centric in-

terocclusal record.
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until the mounting to the upper bow is completed (Fig. 136). The attachment of
the lower cast to the lower member is accomplished, as with the other articulators,
by means of a centric interocclusal record and by inverting the instrument
(Fig. 137).

The pantograph mounting is handled in a similar manner. The upper clutch
cast is attached to the upper bow of the articulator after the pantograph styli
are lined up to the intercondylar axis of the articulator. The articulator (with
the pantograph attached to the upper base) is removed from the mounting
frame, and the mounting is completed by attaching the lower clutch cast to the
lower member of the articulator.

Fig. 138. De Pietro mounting post on the lower bow of the articulator.

DE PIETRO SYSTEM

In the De Pietro* system the mounting frame is replaced by a mounting post
(Fig. 138). The mounting post is substituted for the incisal table, and the
lower bow of the articulator becomes the base for the mounting post.

The transfer bow is placed on the mounting post in a convenient position
(Fig. 139). After the distance between the pin tips of the transfer bow is
measured (Fig. 140) and the intercondylar distance is set to this measurement,
the upper bow of the articulator is put in place (Fig. 141). The properly re-
lated cast is now attached to the upper bow of the articalator. Note that there are

*1, M. Ney Co,, Hartford, Conn.
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Fig. 139, Transfer bow conveniently positioned on the mounting post.
Fig. 140. Measuring the distance between the tips of the transfer bow pins.
Fig. 141, The upper bow of the articulator is placed on the transfer bow.
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no fine adjustments necessary—it automatically perfectly relates the axis of
the articulator to the axis of the transfer bow. In addition any slight movement
of the transfer bow automatically carries the upper bow of the articulator with
it because it is held by the transfer bow.



CHAPTER 7

Centric relation

Webster’s Collegiate Dictionary defines “centric” as follows: “adj. 1. Placed
in or at the center or middle; central. 2. Of, pertaining to, or characterized by,
a center.”

Perhaps our dental ancestors deserve more credit than we have given them.
Unfortunately, their lessons were either not well taught or else not well
received, for very few dentists indeed correlate a center with “centric” relation.

CONFUSION AS TO MEANING

Centric relation means many things to many men. To most, it means the
contact of teeth after a jaw closure. To some, it means a closure in a particular
position, the particular position having many interpretations varying from an
habitual closure to a forced retrusion, or somewhere in-between, Others identify
it as the most retruded position from which right and left lateral excursions
can be made. Some men refer to centric relation when they are talking about
the mandible, disregarding the teeth. Depending upon their belief and under-
standing, they decide that the mandible is in centric position, and that if the
teeth occlude in this mandibular relation, then the teeth are in centric relation.
Other men describe “mandibular centricity” as a mandible-to-maxillae rela-
tionship at a certain vertical dimension.

To all these men, centric relation has a definite meaning; yet the meaning
is not the same to all of them. That this is so is unfortunate because it is
hardly an exaggeration to say that no other phase of dentistry is so important
as a clear understanding of centric relation. Obviously, it should have one and
only one connotation to the dentist. :

To understand centric relation and to appreciate its great importance, one
must understand how the jaw functions and must set about to make restorations
that will function normally in that jaw. They must neither interfere with nor
force a particular action on the chewing mechanism. In other words, the res-
torations must fit into the pattern of jaw movements. They should follow, with-
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out any detrimental effects, the movements of the masticating mechanism. Be-
cause the teeth are secondary in importance to the mechanism relative to de-
termining movement, because quite frequently they are missing, because we
are often called upon to place restorations in the teeth, and because the teeth
are only the instruments of mastication, we must direct our attention to that
part of the mechanism which is responsible for the movements of the jaw. The
means of motion have been described elsewhere in this book. The present con-
cern is with the type of motion, how it takes place, and its bearing on the all-
important subject of centric relation. This, of course, directs attention to the
temporomandibular joint. For the moment, the other important structures—the
muscles, tendons, ligaments, nerves, blood supply, and teeth—may be forgotten,
and consideration may be confined to the action of the temporomandibular
joint,

LOCATION OF THE CENTERS OF ROTATION

It is possible to demonstrate beyond any doubt that there exists a recordable
center of vertical rotation in the condyles. An imaginary line joining these
centers has been termed the hinge axis.

In practice, when the point on the side of the face for the hinge axis is
located, what is actually being located is the hinge action in the facial plane (on
the side of the face). This is not the true center of vertical motion, however, for
that is located in the condyle. What is being located is a point on a line that has
been extended from the centers of vertical motion. In other words, the point
located on one side of the face is on the same line passing through the actual
centers of vertical rotation in each condyle and through the point on the other
side of the face. For this reason, when a transfer is made, the points of the stylus
must not be moved in or out once the point of hinge action is located. In prac-
tice, there must be a means of transferring these hinge-action points to a
suitable articulator, the intercondylar axis of which can be lined up with these
points. This is accomplished with the mounting frame, which is discussed in
detail in Chapter 6.

It should be obvious that these centers of hinge action can be located only
when the condyle is in a position where it can repeatedly scribe these arcs, in
short, when it is in the most retruded position in the glenoid fossa. Because
patients normally do not execute a hinge action in the most retruded position
of the mandible, they have to be educated to this movement. When this is con-
sidered, as well as the many habits patients can acquire over the years and the
conditioned reflex action forced by habit and tooth relations, it is easy to under-
stand why some patients reluctantly produce the hinge action during treatment,

This hinge action (and the imaginary line called the hinge axis) is constant
to the mandible. In other words, the vertical motion of the mandible (and
condyles) is produced by the action of the heads of the condyles on the under-
surface of the meniscus. Thus, as the condyle and the meniscus translate—
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Fig. 142. - Diagram showing that the hingelike action of the mandible can take place in any
position.

Fig. 143. Diagram of the mandible in the terminal hinge position,

move down the incline of the glenoid fossa or across the trough of the fossa in the
Bennett movement—the mandible can produce this hingelike action in any posi-
tion of the condyle (Fig. 142). In function, as a matter of fact, it will start to
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produce a hingelike action as it glides down or across the condyle path. It
must be remembered that the hinge action is constant to the meniscus in any
position it may find itself, but it is constant to the maxillae or fossae only in
the most retruded position of the condyles. It is constant to the maxillae when
the condyle is executing the hinge action in the terminal position. This has
been called “centric relation” by many (Fig. 143); however, as we shall show,
this does not go far enough.

In addition to the centers of vertical (opening and closing) motion of the
mandible, there exist centers of lateral rotation. The patient can make pure
lateral movements. These lateral movements have centers of rotation located in
the condyles, At one time, there was considerable confusion about these centers
because seldom are they stationary. In other words, the centers themselves move
as the mandible (condyle) is making the movement. The path of these centers
of lateral rotation on the rotating or working side is the Bennett path. The con-
fusion arose because it was claimed that the center of lateral rotation was
some place in back of each condyle or in the vicinity of the foramen magnum.
The moving centers of lateral motion were called “loci” Actually, what was
termed the center of lateral movement behind the condyles or “somewhere else”
was the center of the locus. In short, the center of the path that the center of
lateral movement was making on the working side was in fact the center of the
Bennett path.

It is practical to locate the exact centers of lateral rotation by means of two
Gothic arch tracings taken in the same plane in front of each condyle and on
either side of the midline of the face (Fig. 144) and to reproduce their paths
across the fossae. When this has been done in conjunction with the location

Fig. 144, Diagram showing the Gothic arches produced by the centers of lateral rotation.
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of the centers of vertical rotation (hinge action), then we have truly found
centric relation. The terminal hinge action is the vertical component of centric
relation; the centers of lateral rotation are the lateral components of centric
relation.

Why this is centric relation, we shall now attempt to explain. We shall also
show why it is so important,

It might be stated categorically that unless the centers of rotation are lo-
cated, centric relation is disregarded. This statement will immediately draw
protests because, regardless of one’s understanding of centric relation, all will
agree that it is essential o the practice of dentistry and cannot be ignored.

Let us analyze what really happens.

In the course of constructing occlusal surfaces for dentures, bridges, or natural
teeth, a centric interocclusal record is taken, using the material of choice. The
casts on which the restorations are going to be fabricated are mounted on some
sort of instrument and the restoration constructed.

Now in order for a centric interocclusal record to be useful, it must register
the maxillomandibular relationship without any tooth contact or tooth penetra-
tion of the recording medium. If tooth surfaces contact through the recording
medium, one can be sure that the proprioceptive reflexes have come into play and
caused an improper relationship to be recorded.

It is apparent that one of two things must be done even to begin to get an
accurate interocclusal record. Either it must be secured at the exact level of
vertical dimension without tooth contact (a nice trick if it can be accomplished ),
or else the casts must be mounted on the articulator to the same opening axis
which the mandible has to the maxillae of the patient. If the latter is done,
then the centric interocclusal record can be secured in an open position to

Fig, 145, Diagram showing the apposition of the cusps after the recording medium has been
removed.
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clear the tooth contacts, and when the registering medium is removed, the teeth
on the casts can be approximated as they are in the mouth (Fig. 145).

It is also most desirable that the centric mounting be checked because on
this relationship will depend many hours of laboratory work. Except by pure
accident, it is utterly impossible to check a centric interocclusal record accurately
unless hinge axis procedures and transfers have been used!

In order to check a centric interocclusal record, it is necessary to take a
second record—and with all the care used to take the first one. It would be pure
chance if the second record were of the exact thickness as the first. The wax
might be softer, or the patient might close the mouth further. Whatever the
reason, chances are against getting records of exact thickness. Yet, unless the
second record were on the same arc of closure on the articulator as in the
mouth, the thickness of the two records would have to be absolutely identical.

The seating of a wax interocclusal record on casts can be quite deceiving,
The second record might appear to fit between the casts without causing any
malposition of the articulator parts. However, if one really wants to determine
whether the two centric interocclusal records are identical, he must resort
to the following procedure, which is frequently demonstrated in the clinics of
Dr. Arne Lauritzen.

Split cast technique

Before the upper cast is mounted on an articulator, a second section (the split
cast) is carvefully prepared. First, it is very important that the upper cast be
poured with extreme accuracy, care being taken to avoid any bubble forma-
tion. The mounting side of the upper cast is trued up on a model trimmer. V
notches are cut on the edges of the mounting side of the upper cast—one in

Fig. 146. Upper cast prepared for construction of the split cast.
Fig. 147, Tape wrapped around prepared cast produces a form into which the carefully mixed
stone is poured for the split cast.

147
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front, two on the sides, and two in the posterior region (Fig. 146). These
notches are carefully made so that they are truly wedge-shaped. A piece of
electrician’s paper tape is wrapped around the periphery of the cast, producing
a form into which the second section of the split cast is poured (Fig. 147).
Prior to this pour, the cast has been carefully lubricated with Kerr separating
medium.* Three knobs of stone are placed on top of the pour to serve as
handles in the separation of the disc from the original cast (Fig. 148). In pour-
ing the disc, it is extremely important to prevent any bubbles from forming.
When the disc pour has hardened, the cast is separated from the disc by re-
moving the electrician’s tape and using the stone knobs on the disc as a handle.
Immediately after separation, the two parts are reassembled to prevent any
dust or loose fragments of stone from adhering to the contacting surfaces.
The knobs are now cut down with a model trimmer, just enough of them being
left to engage the new mix of stone that will be used to fasten the disc and cast
to the upper bow of the articulator (Fig. 149).

Fig. 148. Knobs of stone facilitate separation of the disc from the cast.
Fig. 149. Knobs cut down prior to articulator mounting,

By means of a face-bow transfer, the upper cast and disc are accurately at-
tached to the upper bow of the articulator. By means of the centric interoc-
clusal record, the lower cast is next attached to the lower bow of the articulator.
This completes the mounting of the split cast, and the lower cast is in what is be-
lieved to be centric relation (Fig. 150).

If one now opens the articulator, separates the disc from the upper cast,
presses the upper cast into the centric interocclusal record to be sure it is ac-
curately seated in place (Fig. 151), and then attempts to close the upper bow

*Kerr Manufacturing Co., Detroit, Mich,
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Fig, 150. Completed mounting of upper cast, split disc, and lower cast.

Fig. 151. Upper cast seated into centric interocclusal record.

and disc into the V notches on the upper cast, he will soon find out whether
the mounting was accurate (Fig. 152). If it is satisfactory, this mounting and
interocclusal record are checked with the second record. The first wax record
is replaced by the second one (Fig. 153); the upper cast is seated into the indenta-
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tions; and again an attempt is made to close the disc into the V notches of the
upper cast (Fig. 154). It is amazing how often an apparently acceptable inter-
occlusal record is a great deal off. This technique should be ample proof that
a centric interocclusal record cannot be accurately checked unless the hinge
axis and hinge transfer procedures are used.

If these procedures are as far as we go, the restorations constructed on such
casts will come together accurately in centric closure. If one more step is added

Fig. 152. Upper bow with upper disc closed into upper cast held in position by centric
interocclusal record,

Fig. 153. First centric interocclusal record replaced with second record to check similarity of
one to the other,
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Fig. 154. Upper bow with upper disc closed into upper cast held in position by centric inter-
occlusal record. Checks out.

and a protrusive path with a protrusive record is produced, it is possible to
have proper contacts in both the centric and protrusive relationships. Unfortu-
nately, though, patients do not chew in these positions alone.

How does a dentist manage without using the axis and a protrusive record?
Like the man who simply takes a static closure, he does a great deal of work
in the mouth, grinding here and there until some suwrfaces come together. Con-
siderable work is involved for an inferior result.

The man who takes a hinge-closure record, relating it properly to an instru-
ment by means of a face-bow, and then takes a protrusive record is only
slightly better off. He still has all the lateral excursions with which to con-
tend. Whether one believes that the patient uses the lateral excursions, the fact
is that he will use them if he is permitted to. The apparent short cuts—not
locating an axis, not reproducing all of the patient’s movements—are responsible
for the creation of flat, useless occlusions.

If these headaches are to be avoided, the centers of rotation must be located.
In addition to locating the hinge axis and obtaining a proper centric interoc-
clusal record, the centers of lateral rotation must also be located. This is ac-
complished by means of the twin Gothic arch tracings (¥ig. 144). Moreover,
the paths of these centers of lateral rotation must be traced. This is done with
an extraoral tracing device, the pantograph, which is fully described in Chapter
8. With the pantograph, the protrusive paths of the centers of rotation can be
traced (Fig. 155), as well as the right and left lateral paths (Figs. 156 and
157).* From the pantograph tracings made by the path of travel of the centers
of rotation, the procedure can be reversed, and the centers and their paths can

*The pantograph is the only practical present-day means of accomplishing this.
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156 157

Fig. 155, Diagram of the pantographic tracings of a protrusive movement viewed from below.
Note posterior tracings travel with the center of rotation, whereas the anterior tracings seem
to go backward. This is because the anterior slides (on which the tracings are made) are
attached to the mandibular part of the pantograph, whereas the posterior slides are attached
to the maxillary part,

Fig. 156. Diagram of the pantographic tracing of a right lateral excursion. Note the side shift
of the pivoting condyle.

Fig. 157. Diagram of the pantographic tracing of a left lateral excursion. Note correlation of
the two sides and compare with Fig, 156.
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be duplicated on an articulator capable of full adjustment (Figs. 158 to 160).
Now when the restorations are constructed and placed in the mouth, they
will be in harmony with the patient’s movements. It will not be necessary to
grind them, with resultant destruction of proper function (Fig. 161).

158 159

160

Fig. 158. Diagram showing how projections from the wings of the Gothic arch tracings de-
termine the center of rotation on an adjustable articulator.

Fig. 159. Diagram showing a variation in the Gothic arch wings which locates another center
of rotation,

Fig. 160. Composite diagrams of Figs. 158 and 159 to show how the wings of the Gothic
arches determine the correct centers of rotation for each patient,

Fig. 161. Diagram showing the paths of travel of an upper cusp in the molar area dictated by
two different centers of lateral rotation. The centers of lateral rotation are individual to each
patient.
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In summary, a thorough understanding of centric relation is essential to the
proper practice of dentistry. However, unless the centers of rotation are lo-
cated, centric relation is disregarded, which entails the following:

1. Location of the hinge axis

2. Location of the centers of lateral rotation

3. Transference of the casts to the axis: (a) face-bow transfer of the upper
cast to the axis; (b) relation of the lower cast to the upper by a correct centric
interocclusal record

OBTAINING CENTRIC RELATION—-VARIOUS
MATERIALS FOR VARIOUS SITUATIONS

The technique of obtaining a centric relation is secondary to an understand-
ing of the phenomena. Various materials will produce acceptable results, but
the important thing is to know what we have to get and to be aware that we
have what we want.

From the preceding discussion, we know that the centers of rotation must
be located. By means of the two Gothic arch tracings we are able to locate
the centers of lateral rotation. By means of the hinge axis location the centers
of vertical rotation are located. The practical problem now is to couple these
two centers of rotation into the center of rotation. To do this, the lower jaw
has to be related to the fixed member, the upper jaw. After the upper jaw

Fig. 162. Schematic drawing showing the path of travel of a proprioceptive impulse from the
periodontal membrane to the motor cortex, which in turn sends an impulse to the muscles to
move the mandible in a different path to avoid the deflective occlusal contact (in this case,
penetration of the wax wafer and contact with the premature cusp).
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Fig. 163. Diagram showing the use of a thin wax wafer to record centric relation. This is pos-
sible if there are no deflective occlusal contacts.

Fig. 164. Diagram showing the use of a thick wafer for a centric interocclusal recording. This
may be necessary to block out any proprioception of the teeth. In turn, this necessitates a hinge
axis mounting so that the cusps will approach each other as they do in the mouth,

(cast) is related to the center of vertical rotation by means of the face-bow
and the articulator is set for the centers of lateral rotation, it now remains to
orient the lower jaw (cast) to these centers.

This is accomplished by freezing the lower jaw (cast) in the terminal hinge
closure at a convenient vertical dimension. This is the problem of obtaining cen-
tric relation. There are many factors which complicate this procedure, and pa-
tience and experience are required to complete the task satisfactorily. Among
the complicating factors are the patient’s reluctance to make a pure hinge
closure, the patient’s neuromuscular pattern which may have developed around
a deflective occlusal contact (Fig. 162), the natural tendency of many patients
to go into a physiological rest position at the completion of any jaw movement,
and the natural tendency of a patient to exercise the prehensile reflex whenever
anything is placed between the teeth.

Certain procedures and materials are required to overcome these factors.
The very first procedure is to practice with the patient until he is ‘able to exe-
cute a pure hinge closure. Second, some of the neuaromuscular reflexes must
be blocked out by preventing the teeth from coming together (Figs. 163 and
164). This can be accomplished by using the thumbnail as a controllable an-
terior stop. Third, the patient’s jaw must be kept in function, swinging up and
down so0 that he cannot go into physiological rest. As long as the jaw is function-
ing, its bracing position is maintained. The natural prehensile reflex can be min-
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imized if the patient closes his eyes during these procedures. If he sees the wax
wafer (the recording medium) approach his mouth, he will automatically begin
to reach out to grasp it with his teeth, and this is not a centric closure.

Care must be exercised not to violate these precautionary procedures as the
recording is made. This presents quite a problem because what is really needed
is a magic material-a material that by its lack of resistance will not cause any
unequal displacement of the joint or teeth, a material that will remain sufficiently
soft long enough to ensure a dynamic registration but will freeze just as soon
as all the procedures are completed.

Two-stage registration

One method that has proved acceptable is a two-stage registration. A wafer is
made of one sheet of Sure-Set* wax and one sheet of Tenax! wax' (Fig. 165).

Fig. 165. Photograph of wax wafers used to record centric relation.

These are luted together. The reason for using two kinds of wax is to permit an
easy indentation on one side and to provide a stiffer side which will act as a
carrier. The wafer is placed vertically in a water bath at 130° F. (Fig. 166).
The anterior part is kept out of the water so that it will remain stiffer and
offer some resistance anteriorly, thus ensuring the bracing position of the
condyles,

Use of trainer. While the wax is softening, the patient is rehearsed in the
terminal hinge closure. One device that will help the patient learn how to execute
a hinge closure is the trainer designed by Dr. Raymond Cohen, which is an

*Kerr Manufacturing Co., Detroit, Mich,
5. S. White Dental Manufacturing Co., Philadelphia, Pa.
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Fig. 166. Wax wafer is softened in water bath at 130° F.

168

Fig. 167. Trainer on patient to aid in learning the hinge closure (closed-jaw position).
Fig. 168. Opened-jaw position,

improvement of the Hickok® retruder. It consists of a piece that fits over the
patient’s shoulders, a headband that secures it to place, and a chin cup which
is fastened by adjustable rubber straps to a crossbar attached in back of the
headband. The rubber strap exerts an upward and backward pull on the
chin cup, and thus the opening and closing, or hinge action, of the mandible
is aided at the same time that it tends to overcome the translating contractions

*Hickok Specialties Co., Grand Rapids, Mich.
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of the external pterygoid muscle. The patient is instructed to open and close
the jaw without clenching the teeth together., By avoiding the tooth contacts
the patient does not receive the periodontal proprioception which could cause
an abnormal reflex closure. This is what we are trying to avoid. What is de-
sired is a pure hinge closure free of any acquired malpositions. This procedure
will help the patient to execute a pure hinge closure. It permits the temporo-
mandibular ligament to be stretched to its normal position. It trains the pa-
tient to separate the rotation from the natural combination of rotation and transla-
tion that makes up all functional movements,

The trainer is placed in position on the patient, who is instructed to open
and close the mouth repeatedly (Figs. 167 and 168). In about five or six minutes
the device is removed, and before the patient can bring the teeth together, a
centric interocclusal record is taken.

Fig. 169. Patient is rehearsed in terminal hinge closure.
Fig. 170. Wax wafer between patient’s teeth,

When a trainer is not used, the patient is rehearsed in the terminal hinge
closure while the cheek retractors are in place (Fig. 1689). These conditions will
simulate the actual taking of an interocclusal record. The patient is instructed
to close the eyes, and when the wax wafer is sufficiently soft on the Tenax side,
it is inserted into the mouth, with the Tenax side against the upper teeth. The
patient is told to swing the jaw several times without closing on the wax, and
then when the terminal hinge closure is “felt,” he is instructed to close lightly
against the wafer (Fig. 170). At this stage the interest is chiefly in getting an
accurate imprint of the upper tecth in the Tenax wax.

The wafer is removed from the mouth and placed in water of room tempera-
ture (Fig. 171). After partial chilling, it is trimmed to the outside edges of the
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Fig. 171, Wax wafer is removed and placed in water of room temperature.
Fig. 172. Wax wafer trimmed to outer edges of indentations and anterior section removed.

tooth indentations to remove the bulk. The anterior portion is also removed, cut
off across the center of the cuspids (Fig. 172). There is a twofold reason for re-
moving this part of the wafer. First, with the anterior teeth exposed, the thumb-
nail can be used as the anterior resistance. Second, without the anterior por-
tion, there is that much less area to seat against the casts when the mounting
is made. Consequently, should there be a slight discrepancy in the anterior
part of the casts, it will not cause their malrelationship. In short, the only
concern will be with the posterior areas.

The wax wafer is now replaced on the upper teeth and held in place with
the thumb and forefinger of the left hand. It must be evenly seated against the
upper teeth. The patient is instructed to close the mouth into it again to correct
any warpage (Fig. 173). The wafer is then removed, and with a Bard-Parker®
knife the excess wax around the indentations on the Tenax side is trimmed
away, leaving only the cusp tip indentations so that the cast may be accurately

*Bard-Parker Co., Danbury, Conn,



128 Modern gnathological concepts
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Fig. 174, Aluwax is applied to mandibular side of wax wafer with Aluwax “pencil
Fig. 175, Wax wafer with Aluwax application.

seated when the mounting is made. It is again seated on the upper teeth, and
the patient closes the mouth once more to eliminate any warpage that may
have resulted from the trimming process. When it is certain that the seating of
the wafer against the upper teeth is accurate, taking of the interocclusal
record is completed.

Remove the wafer and dry it with a blast of compressed air. Taking a sheet of
Aluwax,* form a “pencil,” melt it, and apply the softened wax to the underside
(Sure-Set side) of the waler (Figs. 174 and 175), dripping it on as though using
a candle. Aluwax melts at a lower temperature than Sure-Set or Tenax and

*Hickok Specialties Co., Grand Rapids, Mich.
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thus provides a soft surface that can be easily carried to the mouth without
warping the wafer. The wafer is placed on the upper teeth and held in place
with the left thumb and forefinger (Fig. 176). With the right thumb on the
patient’s chin, the operator guides the patient into the terminal hinge closure.
During this procedure the patient’s eyes are closed. He executes the terminal
hinge closure (Fig. 177), but does not contact the softened Aluwax until the

178

Fig. 176. Wax wafer, with Aluwax lining the mandibular surface, in patient’s mouth.
Fig. 177. Patient swings jaw in terminal hinge closure.
Fig. 178, Patient closes teeth into soft wax while guided into terminal hinge closure.
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“swing” is correct. Gradually, he closes the mouth more and more after each
swing until the Aluwax is contacted (Fig. 178). It may be necessary to add wax
several times before an acceptable interocclusal record is obtained.

Tests of an accurate interocclusal record

There are several ways of determining whether an interocclusal record is
accurate,

1. Hold the wax wafer up to the light to see whether there is any penetration.
If there is, it will not be correct. Likewise, if there are one or two thin spots,
the chances are that it is incorrect. Areas of penetration or thin areas are liable
to cause a slight deviation of the mandible—so slight that one may be unaware
of it. Variations of thick and thin spots will offer variations in resistance and
may cause as much inaccuracy as a penetration.

2. If the thickness is satisfactory, place the wafer on the upper teeth and
carefully examine it to determine whether the seat is accurate. There must not be
any give in any area.

3. Have the patient close the teeth into the wafer, first guiding him as
during the taking of the interocclusal record and then allowing him to close
the mouth by his own muscular force. If there is any hesitation in finding the
indentations, the interocclusal record is probably inaccurate.

4. If the foregoing requirements are satisfied, there is one final test to make.
Have the patient close the teeth into the wafer and hold it firmly. Then examine
the posterior portion for any play between the teeth. Both sides should be
examined carefully.

If the interocclusal record meets all these tests, one is justified in accepting
it as correct (Fig. 179).

This may seem to be a long and tedious procedure—and it is! However,
let us bear in mind that everything that has been done previously and every-
thing that is done subsequently will depend absolutely upon this one procedure.
An error in some other part of the operation may be tolerated, but an error here is
disastrous.

Fig. 179. The completed centric interocclusal record.
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Fig. 180. Wax wafers of various thicknesses to be used according to intermaxillary space
created by tooth preparations,

Obtaining an interocclusal record
for mounting of working casts

Here, the same procedure is followed, with one exception. Because of the
interdental space created by the preparation of the teeth, it is necessary to use
a much thicker wafer. Two layers of Sure-Set (hard) wax and two or three layers
of Tenax are used, depending upon the restoration (Fig. 180). Even more care
is required because of the thickness of the wafer and because many hours of
laboratory work will depend upon an accurate relationship at this stage.

The thick wax wafer is softened in water at 130° F. The cheeks are retracted,
and the patient is trained and rehearsed in the terminal hinge closure. While
the patient’s eves are closed, the softened wax wafer is placed in his mouth, and
he is guided into the terminal hinge closure. The wax wafer is then removed,
partially cooled, and trimmed with a pair of shears so that all the excess bulk
is removed from the sides. About one-fourth inch is left lateral to the tooth in-
dentations, and the anterior portion of the wafer—through the cuspid areas—is
cut off. The trimmed wafer is replaced on the upper teeth, and the patient is
instructed to close the jaw several times to eliminate any possible warpage.
Remove the wafer, chill it thoroughly, and with a sharp Bard-Parker knife
carefully remove the sides of the imprints of the upper preparations, leaving only
the #ips. When this has been done, replace the wafer on the upper teeth and
again have the patient close the mouth firinly against it. This will eliminate any
possible bending or curling of the wax edges around the preparations.

Taking of the interocclusal record is now completed by relining the mandibular
side of the wafer. This is done by dripping melted wax from the Aluwax pencil
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wherever there are preparation imprints. Quickly moving the dripping pencil
from one indentation to the other will ensure an even degree of softness to the
Aluwax, and this is most important. As soon as the added Aluwax has lost its
shine and taken on a dull sheen, the wafer is replaced on the upper teeth.
Carefully guide the patient into the terminal hinge closure, but do not allow
the lower teeth to contact the softened Aluwax until you are certain of the
swing. Then, have him close the mouth more and more after each swing until
indentations are made in the Aluwax. He should contact the wax several times,
always being sure to execute a terminal hinge closure.

The wafer is removed and chilled thoroughly in water of room temperature.
If the indentations are even and definite, any edges that have formed over the
preparations are trimmed away very carefully. If the indentations are not even
or if some areas show no indentations, more softened Aluwax is added. When-
ever additions are made, the new wax must be appplied over all the surfaces. In
other words, missing areas are built up, and a thin coating is applied over the
rest of the wafer. This will ensure even pressure throughout. The wafer is replaced
on the upper teeth, and the patient is guided into the terminal hinge closure.
Once again, do not allow the lower teeth to contact the softened wax until you
are certain of the swing. The wafer is removed and chilled, and the sides of
the indentations are trimmed away. Again the wafer is chilled and placed in
position, and the patient is instructed to close the mouth repeatedly into it. First
guide the patient so that any trimming discrepancies will be eliminated; then
allow him to close the mouth without guidance into the lower indentations. If
he does not close immediately and without hesitation into these indentations,
the interocclusal record is not correct! With or without guidance, the patient
must be able to close the mouth unerringly in the same place.

Obtaining an interocclusal record for remount

Another very exact method of taking an interocclusal record is employed when
the finished castings are related for final adjustment. This particular record can
be used only when the restorations themselves are available to fit into it.

A zinc oxide eugenol record is taken in a gauze “sandwich.” This is a rather
tricky but extremely accurate procedure. A Jones adjustable bite frame® is used
to carry gauze strips. These are glued to a thin wire insulation known as
“spaghetti” in the radio trade. The insulation tubes with the gauze strips attached
are cut into lengths about an inch and a half long. These are slipped on the wire
frame, which is adjusted according to the size of the patient’s upper jaw. This
is best done on a cast of the upper jaw (Fig. 181).

A zinc oxide and eugenol paste, such as Opotow’s mandibular paste® or Kerr’s
registration paste,’ is used (Fig. 182). The mixed paste is placed on the sur-

*Interstate Dental Co., Inc., New York, N. Y,
iKerr Manufacturing Co., Detroit, Mich,
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181

182

Fig. 181. The Jones adjustable bite frame is adjusted on a maxillary cast.
Fig. 182, Kerr’s registration paste ready to be mixed and applied to the gauze on the frame to
make a sandwich,

face of the gauze, and the gauze, which is about 3 inches long, is wrapped
around the outside wire of the frame and then around the inside one again until
there is no loose end. In other words, the gauze, with paste on its surface,
is wrapped around the buccal and lingual wires of the frame. This neatly wraps
the paste between the gauze and between the buccal and lingual wires. A slight
amount of paste may be applied on the upper and lower surface of this roll, on
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Fig. 183. The gauze sandwich in place. The lower teeth are braced against the thumb stop
while the patient is in the terminal hinge position.
Fig. 184. The zinc oxide and eugenol record on the Jones frame.

both sides of the frame. It will take a little practice to learn to manipulate the
paste without becoming entangled in it.

The patient is handled as previously described—eyes closed, retractors in
place—and rehearsed in the terminal hinge closure. The wire frame carrying the
gauze and paste is placed between the teeth (restorations in teeth), and the pa-
tient is instructed to open and close the mouth in the terminal hinge position.
The right thumb is used as a stop between the anterior teeth, and as the pa-
tient produces the terminal hinge closure, gradually reduce the interdental
space by retracting the thumb. When the patient has closed sufficiently into the
gauze and paste sandwich, we stop retracting the thumb and, after several
closures, allow the patient to remain in the closed position with the lower an-
terior teeth braced against the thumb (Fig. 183). By this time, the paste will
have begun to set. Here lies the only risk in using this material and technique.
If the paste does not set quickly enough, the patient may drift out of the
terminal hinge position.

The indentations in a centric interocclusal record taken in this manner are so
accurate that only the actual restorations will fit to place (Fig. 184). After the
remount casts are made, they can be precisely related, and the final correc-
tion of the articulation is accomplished.

Thomas’s centric interocclusal record method

Another very accurate method of obtaining a centric relation record was
demonstrated to me by Dr. Peter K. Thomas of Los Angeles.
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Fig. 185. Ash’s No. 7 relief metal used as a reinforcement to the Aluwax wafer.
Fig. 186, Truwax or Sure-Set wax added to anterior region of mandibular side of wafer,

An Aluwax wafer is reinforced through its center by a piece of No. 7 Ash’s
relief metal.* The metal is cut so that it will occupy only the center of the
wafer and not interfere with the areas into which the tooth indentations will be
made (Fig. 185). The metal is doubled over the posterior end of the wax wafer
so that the wax is sandwiched between it. A piece of hard Truwax! or Sure-
Set is added on one side of the anterior portion of the wafer (Fig. 186). The
fower anterior teeth close into this portion of the wafer, thus permitting a
seating of the condyles in their bracing position. This hard wax further pre-
vents the posterior teeth from forcibly contacting the Aluwax in the posterior
region. '

This specially prepared wafer is softened in a water bath of about 120° F.,
after which it is placed in the mouth with the Truwax section over the lower
anterior teeth. The lower jaw is firmly jiggled and guided into the terminal
hinge closure (Fig. 187). This may be repeated several times. The wax wafer
is then held in place until it is hard and chilled with a syringe of ice water (Fig.
188). The wafer is marked to indicate the outer edges of the teeth, whereupon
it is removed, trimmed where necessary, and reinserted in the mouth. An exami-
nation is made to determine where there is light contact in the posterior region.
If there are any areas without contact, the wafer is removed, and a very small
strip of Tenax is added in such areas. If there is an edentulous area, a small
cone of Tenax is added which will just contact the ridge in a very small area.
The wax wafer is removed and carefully examined. Any wax having a deep
imprint is removed with a Bard-Parker knife. Only the cusp tip indentations are

#Claudius Ash & Sons, Niagara Falls, N. Y.
tThe Dentists’ Supply Co. of New York, York, Pa.
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Fig. 187. Patient guided into terminal hinge closure,
Fig. 188. Syringe of ice-cold water to chill wax wafer.

left (Fig. 189). The wax wafer at this point should have definite contact in the
anterior region and only very slight contact in the posterior region.

The wafer is now ready to be corrected. ;

The upper and lower teeth are lubricated with Mucolube® or petrolatum.
A very small amount of a zinc oxide and eugenol paste, such as Kydac?, Acker-

*Cosmos Dental Products, Inc., Long Island City, N. Y.
iThe Motloid Co., Inc., Chicago, Il
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Fig. 189. Only cusp tip indentations left on wafer.

191

Fig. 190. Small amounts of registration paste are applied to wafer,
Fig. 191. Patient guided into terminal hinge closure.

man’s,® or Luralites,” is mixed. The setting time is hastened by adding a drop
of water after the mix is completed. With a cement spatula small amounts of the
paste are placed in the tip indentations on the wax wafer (Fig. 190). The wafer
is placed in the mouth and seated on the teeth, and the patient’s jaw is again
jigeled and guided into the terminal hinge closure (Fig. 191). The chin is held
until the paste sets firmly. This usually takes only a few seconds. The corrected
wafer is now very carefully removed by having the patient open the mouth

* Ackerman Dental Co., Santa Monica, Calif.
TKerr Manufacturing Co., Detroit, Mich.
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Fig. 192. Wax wafer is supported against upper teeth as patient gently opens jaw very
slight degree.
Fig. 193. Wafer is supported against lower teeth as patient very gently opens jaw slightly.

Fig. 194. Completed centric interocclusal record obtained by Thomas’s method.

gently while the wafer is supported with the fingers. First, the wafer is sup-
ported against the upper teeth as the patient opens the jaw (Fig. 192). The pa-
tient is instructed to close. Then as he again opens the jaw, the wafer is sup-
ported against the lower teeth (Fig. 193). This procedure reduces the possibility
of warpage. Alter the corrected waler is carefully removed, any thin edges of
the zinc oxide and eugenol paste are trimmed (Fig. 194). Again the wafer is
seated to place, and the patient guided into the terminal hinge closure. The
lower teeth should fit very accurately into the imprints.
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Two such wax records are obtained. One is used to mount the lower cast;
the other is used to check the first one. Until two wax records that check out
are obtained, we must not proceed.
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CHAPTER 8

Setting the McCollum gnathoscope

The basic procedure of setting any fully adjustable articulator is quite similar.
Therefore, before considering a specific instrument such as the gnathoscope,®
let us first concentrate on the features common to most articulators, making use
of diagrammatic illustrations to demonstrate the principles involved.

FEATURES COMMON TO MOST
FULLY ADJUSTABLE ARTICULATORS

We shall describe the setting of an instrument from graphic tracings since
they are the most accurate.

The inclination of the angle of a condyle path is set by rotating the condyle .
disc of the articulator. From the gnathograph' (a tracing apparatus used to re-
cord the patient’s movements), the inclination on the articulator is set so that
it follows the same inclination as the tracing. The angle of the path is related to
a fixed plane—the axis-orbital plane. The casts of the mouth are related to this
same plane. The angle of the tracing, the angle of the articulator disc, and the
angle of the patient’s articulator eminence are all the same since they are meas-
ured from a fixed plane and are parallel to each other,

Fig. 195 shows diagrammatically how the disc rotation permits adjustments so
that the articulator will follow the path given by the patient.

The two Gothic arch tracings taken in front of the patient depict the action of
projections from the centers of lateral rotation (Fig. 196). In locating the centers
of rotation on an instrument, one would have to project the radii of these tracings,
and where they intersected would be the centers of rotation. This is not prac-
tical. So, by a process of trial and error, the centers of rotation on the instru-
ment are moved in or out until they exactly duplicate the tracings made by the
patient. Fig. 197 shows the effect of changing the center of rotation on an instru-
ment until it follows the path made by the patient on the gnathograph.

As a rule, of course, the patient does not pivot as shown in Fig. 196. Rather,

#*Dr. B. B. McCollum, Sepulveda, Calif.
tH, D. Justi & Son, Inc., Philadelphia, Pa.
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Fig. 195. Schematic drawing shows how the condyle disc rotation (changing inclination) per-
mits the articulator to follow the pantographic tracing made by the patient.
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Fig. 196. Schematic drawing shows the relation of the Gothic arch tracings to the centers of
lateral rotation.

the center moves as it pivots, and this produces the Bennett path or side shift
of the mandible. The registration of the side shift of the centers (and mandible)
is recorded on two horizontal tracings near the action (alongside the temporo-
mandibular joint). In the center of the instrument is an adjustable guide which
can be set to provide the amount of side shift necessary in order to duplicate
that of the patient. By changing the angle of the limiting side of the Bennett
guide, we can make the articulator duplicate the general direction of the patient’s
tracing as recorded on the gnathograph. By grinding the surface of the limiting
side of the Bennett guide, we can accurately duplicate the exact curvature
(if present). The relation of the gnathograph tracings and the articulator ad-
justment is diagrammatically shown in Fig. 198.
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Fig. 197. Schematic drawing shows how variations in the outerwing of the Gothic arch trac-
ing determine various locations of the centers of lateral rotation.

Fig. 198. Schematic drawing shows how adjusting the Bennett guide on the articulator permits
duplication of the Bennett shift recorded on the pantograph. Note on the left side that grinding
of the Bennett guide permits duplication of the curve in this Bennett path.

Since the tracings are made some distance from the actual centers of motion,
some of them seem to give abnormal direction to the movements. This is so
because the tracings are projected from the centers. The working occlusion
tracings depict this phenomenon. The condyles appear to move upward and
backward. Actually, they do no such thing. The tracings do this, however. The
centers of lateral motion move along an axis. From the working occlusion
tracings (the “reciprocals”) the tilt of the axis on the articulator can be ad-
justed so that the centers of lateral motion follow the same path as recorded by
the patient, As the center of lateral motion travels inward, it may go upward
or downward (Fig. 199).

At the same time, the center of lateral motion may travel forward or backward
as it goes up or down. The registration that permits the best setting for this
direction is recorded in the inside wing of the anterior Gothic arches. By rota-
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tion of the axis on the articulator, the inner wing of the Gothic arch as recorded
on the gnathograph can be faithfully duplicated. The diagram in Fig. 200 shows
how this takes place.

In addition to having a certain inclination, the condyle path has a particular
curvature. The duplication of this curvature is made possible by an assortment
of discs with varying curvatures which may be selected for the articulator. In
one instrument (Stuart’s) an individual curvature is ground for each patient.
The disc with the correct curvature is selected by reference to the protrusive
path recorded on the gnathograph by the patient. If, in making a selection, one
finds that the stylus of the gnathograph cuts across the path, one knows that the
disc in the articulator has too little carvature. Consequently, one with more curva-
ture must be selected. On the other hand, if the stylus cuts below the patient’s

Fig. 199. Schematic drawing shows how tilting the axis of the articulator permits duplication
of the vertical component of the Bennett movement. This is recorded on the working or pivoting
side and is also known as the backlash or reciprocal movement.
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Fig. 200. Schematic drawing shows the relationship of the inner wing of the Gothic arch trac-
ing to the rotation of the axis on the same side.



144 Modern gnathological concepts

Fig. 201. Schematic drawing shows how the selection of the correct curvature of the condyle
path permits duplication of the patient’s path in every detail. If the stylus of the pantograph
on the articulator cuts across the patient’s path (as on the right), the disc has too little
curvature. On the left, the stylus cuts below the patient’s path, indicating the disc has too much
curvature,

[
]
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Fig. 202. Schematic drawing shows how rotation of the condyle disc permits adjustment to the
protrusive and lateral paths with one setting of the instrument.

path, then the disc has too much curvature, and one with less curvature (Fig. 201)
is selected.

In addition to the protrusive path, a pure lateral path has been recorded. This
is actually a tracing of the articular eminence medial to the tracing made in
protrusive relation. In order to have the instrument fully set to duplicate all the
excursions of the patient, one must be able to follow both of these paths. By
rotation of the disc previously selected for the protrusive tracing, both record-
ings can be followed. However, because of the rotation of the path and depend-
ing upon the tilt of the axis, the inclination of the disc may have to be reset to
reproduce the protrusive tracings. Sometimes it may be necessary to reselect
the curvature as well. One must find the combination of curvature, inclination,
and disc rotation which will permit the instrument to follow both the protrusive
and lateral paths with one setting (Fig. 202).

Let us now examine in detail the use of the gnathoscope in duplicating the
registrations.

ADJUSTING THE GCNATHOSCOPE BY MEANS OF
AN EXTRAORAL TRACING DEVICE

After the registrations have been obtained and the clutches removed, the
three points of reference are permanently marked on the patient.
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Assembly of gnathoscope and writing apparatus

In the laboratory the clutches are reassembled (Fig. 203), and the writing
apparatus, locked together by the vise grips (Fig. 204), is ready to be mounted
on the articulator. By means of the mounting frame (Fig. 205), the upper bow
of the gnathoscope is attached to the writing apparatus. The upper bow and
writing apparatus are then transferred to the lower member of the gnathoscope,
The writing apparatus is attached to the lower bow (Fig. 206) in such a way that
the upper and lower members of the gnathoscope are in centric relation to each
other. Note that the axis pins of the gnathograph and the axis-orbital indi-
cator and support have been removed. The axis-orbital rest has been replaced
with the incisal pin.

204

Fig. 203, The separated clutches as they are removed from the mouth.
Fig. 204. The pantograph, locked in centric relation, as removed from the patient,
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Fig. 205. The pantograph attached to the upper bow of the articulator. The mounting frame
maintains the relationship of the pantograph to the upper bow while the attachment is made.
Fig. 206. The pantograph, attached to the upper bow, is assembled on the lower frame of
the articulator and attached. The articulator must be in centric relation; i.e., the centers of rota-
tion of the upper bow must be identical with those of the lower frame, and the condyle slots
must be seated against the condyle balls.

When the stone has completely set, the vise grips are removed (Fig. 207),
and the gnathoscope is ready to be adjusted.*
*Bear in mind that an adjustment of any articulator control will affect all the other

settings, Once a control is set, it does not follow that it will not have to be reset later as the
adjustment proceeds. The settings are refined as the adjustment progresses.
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Fig. 207. The vise grips have been removed, and the articulator and pantograph can be
moved into the eccentric position for adjustment of the articulator.

Approximate adjustment of condyle paths

Examine the condyle tracings by moving the articulator in the lateral move-
ments (Fig. 208) and approximately adjust the condyle paths (Fig. 209) until
the tracing is followed, as in Fig. 210. This procedure is repeated for the other
side (Figs. 211 to 213).

Fig. 208. Before adjustment of the condyle slot inclination, the stylus is below the patient’s
tracing (patient’s right side).
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Fig. 209. Adjustment of the condyle slot inclination.

Fig. 210. The stylus of the pantograph on the articulator follows the patient’s tracing after the
condyle slot is properly adjusted.
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Fig. 211. On the left side, the stylus of the pantograph on the articulator is below the pa-
tient’s tracing.

Fig. 212. Adjustment of the condyle slot inclination.
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Fig. 213. The stylus of the pantograph on the articulator follows the patient’s path after ad-
justment of the condyle slot of the articulator (left side).

Fig. 214. The stylus of the pantograph on the articulator is outside the outer wing of the
Gothic arch tracing made by the patient (left side).

Location of centers of rotation

Fig. 214 shows the stylus pin in relation to the outside wing of the Gothic arch
on the left side.® Note that the stylus is outside the tracing, In order to have the
stylus follow the outside wing, it will be necessary to change the center of ro-
tation of the articulator on the opposite side. In other words, it will be necessary

*Such references are to the patient’s right or left side.
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Fig. 215. The center of lateral rotation on the opposite side moved out to increase the length
of the imaginary compass arm.

Fig. 216, The stylus on the left side after proper location of the center of lateral rotation is
on the outer wing of the Gothic arch and at its end.

to move the center of the imaginary compass outward. Fig. 215 shows the center
of rotation moved from the neutral setting of 55 (where it was in Fig. 214) to
62. Now it will be noticed that in Fig. 216 the stvlus remains on the outside wing
of the Gothic arch tracing and at its end.

On the other side of this patient, note that the stylus cuts inside the
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Fig. 217. The stylus of the pantograph on the articulator is inside the outer wing of the Gothic
arch tracing made by the patient on the right side. The imaginary compass arm has to be
shortened.

Fig. 218. The center of lateral rotation on the opposite side is moved inward to shorten the
imaginary compass arn.

outer wing of the Gothic arch tracing (Fig. 217). The center of rotation on the
opposite side of this particular tracing will have to be moved inward, as in Fig.
218, from the setting of 55 to 50. Now the stylus follows the line, as in Fig.
219, and is on the end of the line.
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Fig. 219. After proper location of the center of lateral rotation, the stylus of the pantograph
on the articulator is on the outer wing and at the end of the Gothic arch tracing made by the
patient (right side).

At this point, the styli may not follow the lines in their entirety, i.e., they may
miss from the beginning of the tracing (the apex of the Gothic arch) to the end.
This is due to a curvature in the Bennett movement or side shift. This will be
considered shortly. Meanwhile, at this stage of the articulator adjustment, the
important point is that the styli are cn the lines at their termination.

Bennett adjustment
The articulator (and writing apparatus) is moved to the left lateral ex-
cursion, and the tracing of the horizontal posterior slide (Fig. 220) is now ex-

Fig. 220. The stylus of the pantograph on the articulator is not on the Bennett tracing made
by the patient on the horizontal posterior slide of the right side.
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amined. This is the balancing side. The end of the line of the lateral tracing (the
other is the protrusive tracing) determines the amount of Bennett movement of
the jaw. Fig. 221 shows the controls that limit this movement. The Bennett
guide (Fig. 221) on the right side is adjusted so that the stylus is on the end
of the lateral tracing when the Bennett ball is against the Bennett guide. If
several lateral excursions are now made with the articulator and writing apparatus

Fig. 221. The Bennett guide, which limits the amount of side shift on the articulator, is set to
allow the proper angle.

Fig. 222. The Bennett guide marked with carbon paper to indicate the area to be ground
in order to duplicate the exact curvature of the Bennett movement traced by the patient.
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(always being sure to ride against the Bennett guide for that side), it can be
determined whether there is any curvature to the Bennett path and where it oc-
curs. With some carbon paper or other suitable marking medium, one can lo-
cate on the Bennett guide just where the curvature is present (Fig. 222). Then,
with mounted stones on a handpiece, the curvature for the particular movement
is ground (Figs. 223 and 224). By repeated markings and adjustments on the Ben-

Fig. 224. Enlargement of grinding procedure shown in Fig. 223.
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Fig. 225. The stylus of the pantcgraph on the articulator now follows the exact curvature and

amount of Bennett movement traced by the patient.
Fig. 226. The backlash or reciprocal tracing on the opposite (working) side is used as a check
on the Bennett guide adjustment.

nett guide, a curvature that will permit the stylus to follow the Bennett path
exactly (Fig. 225) will soon be achieved.®

*A good procedure is to set the Bennett guide for the proper angulation and then select
the nearest mark on the closed side. This facilitates the return of the guide as it is ground and
also minimizes error when the instrument is reset. This means that the guide must be ground
slightly at its extreme end of contact with the ball to offset any imbalance resulting from
closing the guide.
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Because the Bennett guides on McCollum’s gnathoscope are located on the
lower member, it is necessary to grind the guide in a wide path—not for depth,
but for width. A moment’s reflection will reveal why. The condyle path was
not accurately selected or set in the first step. It was only approximated. There-
fore, if a narrow Bennett path is ground in the guide, it may be necessary before
the instrument is completely set to go back and regrind, Actually, the reason

227

Fig. 227. On the left side, the stylus of the pantograph on the articulator does not follow the
Bennett tracing made by the patient.

Fig. 228. The Bennett guide of the left side must be set to the proper angle and ground if
necessary to duplicate any curvature that may be present.
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for approximately setting the condyle path was to minimize this very situation.
If the articulator is closed, which is the usual procedure, there will still be
the correct Bennett limit because the registrations are taken in an open position.
In examining the stylus and tracing of the Bennett path, we will notice that

229

Fig. 229. The stylus of the pantograph on the articulator follows the Bennett tracing made by
the patient after proper adjustment of the Bennett guide.

Fig. 230. The backlash or reciprocal tracing on the other side double checks the setting of the
Bennett guide.
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it follows in every detail. As a further check on owr accuracy, examine the
“tail” on the tracing of the opposite (working) side, at the same time examining
the long Bennett tracing on the balancing side. Fig. 226 shows that the tail of the
one side is accurately followed while the stylus on the larger tracing is being
examined. The larger tracing is used for grinding in the path because its mag-
nitude minimizes the possibility of error.

This procedure is repeated in every detail for the other side ( Figs. 227 to 230).

Adjustment of vertical tilt of axis

The adjustment of the vertical tilt of the axis is the next step in the setting of
the gnathoscope.

As we go into the lateral excursion, we examine the vertical slide on one side.
On the balancing side, the stylus travels of course in the general direction of
the condyle path, although not exactly since it has not yet been set. On the op-
posite (working) side, the stylus makes a short path (the tail), as in Fig. 231.
In order to make the stylus follow this path accurately, it is necessary to tilt
the axis (Fig. 232). Whether the axis is tilted upward or downward in relation
to the outside end of the axis depends on whether the stylus is below or above
the tracing when one is in the working occlusion. Remember that in the working
occlusion the upper bow of the articulator moves inward (just the opposite of
what the patient does at this moment). As the condyle pivots on the ball, it
also slides the ball inward according to the amount determined by the Bennett

Fig. 231. The stylus of the pantograph on the articulator is below the backlash (the vertical
component of the Bennett movement) made on the working side by the patient.
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Fig. 232. The axis on the same side is tilted in order that the upper bow and slide will drop
as the articulator is moved into the working occlusion. The dropping of the upper bow and
slide will permit the stylus, which is attached to the lower member of the articulator, to fol-
low the tracing.

Fig. 233. After proper tilting of the axis, the stylus of the pantograph on the articulator will
follow the backlash made by the patient.

guide (which was previously set). If the tracing attached to the upper bow has
to be lowered in order that the stylus may follow the tracing, the axis will have
to be tilted upward at its outside end. This will permit the upper bow, with the
slide attached to it, to drop when the upper member moves mward (Fig.
233). A little experimentation with the apparatus should clarify what may appear
to be a complicated procedure.
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When the proper tilt has been arrived at by a process of trial and error, the
stylus will accurately follow the tracing.

This procedure is repeated for the other side.

It will be noted in Fig. 234 that the stylus is above the tracing prior to ad-
justment. However, when the axis is tilted in the opposite manner (lower
the outside end), as in Fig. 235, the stylus is adjusted to the tracing (Fig. 236).

234

235

Seniia

Fig. 234. The stylus of the pantograph on the articulator is above the backlash on the right
side.

Fig. 235, The axis has to be tilted so that, as the articulator is moved into the working occlu-
sion, the upper bow (and slide) will be made to rise.
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Fig. 236. After the correct tilt of the axis, the stylus of the pantograph on the articulator fol-
lows the tracing made by the patient.

Fig. 237. The stylus of the pantograph on the articulator is behind the inner wing of the
Gothic arch made by the patient on the left side.

Rotation of axis

In addition to being tilted, the axis may also have to be rotated. The inner
wing of the Gothic arch on the same side being examined determines the axis
rotation.

Fig. 237 shows the stylus inside the inner wing of the tracing. By rotating
the axis forward at its inner end, we will permit the upper bow and the anterior
stylus attached to it to move forward as the condyle ball assembly moves in-
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Fig. 238. The axis is rotated so that the condyle ball will travel inward and forward as it
goes into the working occlusion. This permits the center of the imaginary compass to move
inward and forward.

Fig. 239, After rotation of the axis, the stylus of the pantograph on the articulator follows the
inner wing of the Gothic arch tracing made by the patient.

ward according to the degree determined by the Bennett guide (Fig. 238).
Fig. 239 shows the stylus on the inner wing after the axis has been rotated
the proper amount.
Fig. 240 shows the inner wing of the opposite side with the stylus outside
the tracing. The opposite turning, ie., back at the inner aspect (Fig. 241), per-
mits the stylus to duplicate the tracing accurately, as in Fig, 242,
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Fig. 240. On the right side, the stylus of the pantograph on the articulator is outside the inner
wing of the Gothic arch tracing made by the patient.

Fig. 241, The axis has to be rotated so that, as the condyle ball moves inward on a working
occlusion, the center of the imaginary compass will move inward and backwaxrd.
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Fig. 242. The stylus of the pantograph on the articulator follows the inner wing of the
Gothic arch tracing made by the patient after proper rotation of the axis on the same side.

Adjustment of condyle path by means of protrusive movement

This next step is rather complicated because it is necessary to make the equip-
ment duplicate the particular protrusive path that the patient happened to take
when the registrations were made.

In order to accomplish this successfully, it will be necessary to follow the
protrusive path on the anterior slide and the protrusive path on the horizontal
slide posteriorly. At the same time, we must also observe what is happening on

Fig. 243. The articulator and pantograph are moved so that the stylus follows the protrusive
path on the anterior tracing made by the patient.
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the vertical slide posteriorly to ascertain whether the stylus is following that
path. In other words, three slides and three styli on one side must be watched
simultaneouslyv—a rather neat trick.

Study Figs. 243 and 244 simultaneously. The stylus can easily be adjusted to
the end of the tracing (Fig. 245) by adjusting the angle of the condyle path,
as in Fig. 246. However, the stylus must also follow the entire path. This will
necessitate the selection of a path with the proper curvature.

Fig. 244. The articulator and pantograph are moved so that the stylus follows the protrusive
path on the posterior horizontal slice.

Fig. 245. The path of the stylus of the pantograph on the articulator is examined on the ver-
tical slide while the articulator is guided into the protrusive path made by the patient.
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Fig. 246. The condyle disc with the proper curvature is selected by a process of trial and error.

Fig. 247. The articulator and pantograph are moved so that the stylus follows the protrusive
path on the anterior tracing made by the patient on the right side.

In Fig. 245, the stylus arcs below the path after it leaves the center and then
gets back on the line at the end. Here we have in the instrument a path with
too much curvature, By trial and error, one with less curvature is selected until
the stylus follows the tracing completely.

These steps are repeated for the other side (Figs. 247 to 251).
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Fig. 248. The articulator and pantograph are moved so that the stylus follows the protrusive
path on the posterior horizontal slide of the right side.

Fig. 249. The path of the stylus of the pantograph on the articulator is examined on the vertical
slide of the right side while the articulator is guided into the protrusive path made by the
patient.
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Fig. 251. The stylus of the pantograph on the articulator follows the protrusive path made by
the patient.
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If this constituted the only difficulty, the problem would not be too com-
plicated. There is, however, another consideration. We have now to see whether
the selected path will also produce an accurate tracing in the lateral excursion
as well as in the protrusive for which it was selected.

Rotation of condyle path

There is one other adjustment that will accomplish this. We can, if necessary,
rotate the path. The direction of rotation (in or out) depends on the inclina-
tion of the axis which was previously determined and set by the tail of the trac-
ing on the working occlusion (the posterior vertical slide).

If the axis is tilted downward at its outer end, as in Fig. 252, then an inward
rotation of the condyle path will effect a sharper rise in the condyle slide (and
path) in the balancing position. This is so because, as the condyle path goes
backward, it will (because of its rotation) cause the ball to go inward and,
at the same time, upward on the tilted axis. If, in examining the travel of the
pin, we find that it does not go down to the lower tracing, then the upper bow
(carrying the slides) must be made to rise. This is accomplished by rotating
the condyle inward at the anterior part if the axis is tilted downward at its
outer end, as in Fig. 252. However, if in testing the lateral excursion it is found
that the pin travels below the lateral tracing, it then becomes necessary to drop
the upper bow as it moves into the lateral excursion. This can be accomplished
by rotating the anterior part of the path inward if the axis is tilted down from
the outside inward (TFig. 255).

Fig. 252. Rotation of the condyle disc permits the stylus of the pantograph on the articulator
to follow the lateral path as well as the protrusive path with one setting of the instrument.
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Fig. 253. The stylus of the pantograph on the articulator follows the lateral path made by
the patient after proper rotation of the condyle disc,

Fig. 254. The stylus of the pantograph on the articulator follows the protrusive path made
by the patient on the left side.

Unfortunately, such maneuvering may have changed the protrusive adjust-
ment, and thus it may be necessary to readjust the condyle inclination or even
to select another path. It is possible, by trial and error, to arrive at the particular
path curve and path rotation that will permit an accurate tracing in both the
protrusive and lateral excursions. (Fig. 253).

This procedure is repeated for the opposite side (Figs. 254 to 256).
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Fig. 255. Rotation of the condyle disc in the proper direction will permit the stylus of the
pantograph on the articulator to follow the patient’s lateral path with one setting of the
instrument.

Fig. 256. The stylus of the pantograph on the articulator follows the lateral path made by
the patient.

At this point, the gnathoscope is completely set (Fig. 257) and will follow all
the tracings in every excursion.
The settings are recorded on the chart (Fig. 958), care being taken to read
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Fig. 257. The completely set articulator duplicates in every detail the pantographic tracings
made by the patient.

Patient

Gnatho. #

Date

<yl
5

Left CONDYLE Right

Left Path PATHS

Rotation

Right Path
Rotation

AXIS
SIDE.SHIFT

AX1S ROTATION
HEAD POSITION
MM

OVERBITE

ANTERIOR
GUIDE

Fig. 258. Chart used to record the articulator settings. Reference to this chart will enable
the articulator to be reset at any time to duplicate the patient’s movements.

them accurately. The Bennett guides are inscribed with the patient’s name for
identification at a later date. The writing apparatus can now be removed from
the articulator, and the casts can be mounted.



CHAPTER 9

Settang the Granger gnatholator

In Chapter 8 we examined in some detail the use of the gnathoscope in
duplicating the patient’s registrations. Another instrument which will reproduce
the fundamental movements of the patient is the gnatholator,* designed by
Dr. Ernest R. Granger of Mount Vernon, New York.

Fig. 259, The pantograph mounted on the gnatholator.

ASSEMBLY OF GNATHOLATOR
AND GNATHOGRAPH AND APPROXIMATE
SETTING OF INCLINATION OF CONDYLE PATHS

In the discussion here of the setting of the gnatholator by means of the
gnathograph (see Chapter 5, discussion on registrations), each step follows a
logical sequence. However, this sequence may be varied. Bear in mind always

*H. D. Justi & Son, Inc., Philadelphia, Pa.
174
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260

Fig. 260. The axis-orbital indicator and support have been removed, permitting eccentric
movements of the articulator and pantograph.

Fig. 261. Before adjustment of the condyle slot inclination, the stylus of the pantograph on
the articulator is below the patient’s tracing (left side).

that the adjustment of any articulator control will affect all other settings. There-
fore, once a control is set, it must not be assumed that it will not have to be reset
later in the adjustment procedure. The objective is to find the one setting of the
controls which will produce an accurate reproduction of the writings, and the
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sequence about to be described is a logical way of arriving at an accurate and
complete setting in a minimum of time.

When the gnathograph has been mounted on the gnatholator and the vise
grips have been removed, as in Fig. 259, we can begin the adjustment of the in-
strument to follow the tracings obtained from the patient.

The axis-orbital indicator and support are removed, as in Fig. 260. The axis

262
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Fig. 262. Adjustment of the condyle slot inclination.
Fig. 263. The stylus of the pantograph on the articulator follows the patient’s tracing after the
condyle slot is properly adjusted.
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264

265

Fig. 264. On the right side, the stylus of the pantograph on the articulator is above the
patient’s tracing,
Fig. 265. Adjustment of the condyle slot inclination (right side).

pins and collars should also be removed. (In Fig. 260, this has not yet been
done.) The upper and lower members are now disengaged to permit the move-
ment of the upper bow of the articulator and with it the upper part of the
writing apparatus. Note that the latter carries four posterior slide holders (two
on each side) and two anterior tracing pins.

The first step is to set the inclination of the condyle paths approximately on
both sides. (Fig. 261, before approximate setting; Fig. 262, making the setting;
Fig. 263, after setting; Figs. 264 to 266, repetition of the procedure on the
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Fig. 266. After adjustment, the stylus of the pantograph on the articulator follows the pa-
tient’s tracing.

other side.) This first step will facilitate the grinding of the Bennett paths, which
will be done very soon.

ADJUSTMENT OF CENTERS OF BOTATION

The outside wing of each Gothic arch tracing is used to locate the lateral
center of rotation on the opposite side of the instrument (Figs. 267 and 268).
If one visualizes a compass with its pivoling point on the center of rotation and
its tracing point making the outside wing of the Gothic arch on the opposite side
from the center, he can readily see in which direction the center has to be moved
in order to have the stylus retrace the outside wing. So, by changing the centers
of rotation (the intercondylar distance), one can make the stylus retrace the
outside wings at their ends. It will be noted that the stylus does not exactly
follow a portion of the wing from the center (apex) to some point along the
line. This is due to the Bennett movement or side shift which is also reflected in
this tracing. The slight discrepancy, however, will be corrected during the
grind-in of the Bennett guide. If, when the center of rotation adjustment is made,
the stylus at the end of the stroke is outside the tracing (Fig. 267), then the
radius of the imaginary compass is too short. Therefore, the radius is length-
ened by moving the center of rotation (on the opposite side) outward (Fig.
268). With a longer radius, the stylus will settle on the end of the tracing (Fig.
269). Conversely, if the stylus is inside the tracing, the radius must then be
shortened by moving the center of rotation (on the opposite side) inward.
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267

268

Fig. 267. The stylus of the pantograph on the articulator is outside the outer wing of the
Gothic arch tracing made by the patient (left side).

Fig. 268. The center of lateral rotation on the opposite side moved out to increase the
length of the imaginary compass arm.

This procedure is repeated for the other side, using the outside wing of the
other Gothic arch and moving the center of rotation on the opposite side (Figs.
270 to 272). When the adjustment of the Bennett guide is complete, the stylus
will follow the outside wing of the Gothic arch in every detail.
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Fig. 269, After proper location of the center of lateral rotation, the stylus on the left side is
on the outer wing of the Gothic arch and at its end.

Fig. 270. The stylus of the pantograph on the articulator is outside the outer wing of the
Gothic arch tracing made by the patient (right side).
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Fig. 271. The center of lateral rotation on the opposite side is moved outward to increase the
length of the imaginary compass arm,

Fig. 272. After proper location of the center of lateral rotation, the stylus of the pantograph on
the articulator is on and at the end of the outer wing of the Gothic arch tracing made by the
patient (right side).
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ADJUSTMENT OF BENNETT GUIDE

To adjust the Bennett guide, use the inner tracing on the horizontal slide in
the posterior region (Fig. 273). The Bennett movement is more clearly visible
on this slide because it is nearer the action. There are three tracings on this par-
ticular slide: the protrusive (with which we shall later be concerned), the

273

274

Fig. 273. The stylus of the pantograph on the articulator is not on the Bennett fracing made by
the patient on the horizontal posterior slide of the left side.

Fig. 274. The Bemnett guides, which limit the amount of side shift on the articulator, are
opened to their widest position,
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Fig. 275. The upper bow of the articulator and pantograph is moved into the lateral position
until the stylus of the pantograph on the articulator is on the end of the Bennett tracing made
by the patient.

Bennett movement for the one side, and the reciprocal Bennett movement for
the other side. The Bennett movement represents the degree to which the bal-
ancing condyle travelled medially, and this tracing is used for the adjustment
because it shows in a gross way what the Bennett movement is. The little tail
(“veciprocal”) on the other Bennett slide on the opposite side serves as a
check on the adjustment. When the adjustment is made on one side, the tail in
Fig. 273 is used to check the adjustment for the opposite side,

To make the Bennett adjustment, open the Beunnett guides to their widest
position (Fig. 274) and move the upper bow of the articulator until the stylus
is at the end of the Beunnett tracing (Fig. 275), usually the longest line and the
farthest medially. Holding the upper bow in this position, close the Bennett
guide until it rests against the guidepost which rises from the lower member
of the articulator (Fig. 276) and lock the guide in this position.

If the articulator is now moved in this lateral position, care being taken to
ride against the guidepost, the stylus may not follow the tracing as it begins from
the centric position to the extreme. This is because the Bennett path may be
curved, If such is the case, it will be necessary to grind the curvature into the
Bennett guide until the stylus follows the path exactly. Mark the guide by inter-
posing carbon paper between the guidepost and the Bennett guide and move the
articulator several times in the area where the stylus misses the line. This is the
area which has to be hollowed out until the exact curve is followed by the stylus.
It may be advisable to set the Bennett guide to the first line nearest the setting on
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276

277

Fig. 276, The Bennett guide is closed until it just contacts the Bennett post. The Bennett guide
now limits the amount of side shift in the articulator so that the stylus of the pantograph on
the articulator will follow the Bennett tracing made by the patient.

Fig. 277. The Bennett guide for the left side has been set. The Bennett guide for the right side
is opened to its maximum degree before adjustment,

the closed side (Fig. 277). This enables one to return the guide easily to its origi-
nal position while grinding the curve. It will also make it easier subsequently
to reset the machine because it will eliminate guesswork. Obviously, if one
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begins on a line instead of somewhere between two lines, there is no need for
guesswork. It only means that a little of the Bennett guide may need to be
ground to the extreme position, i.e., beyond the existing curve, including a por-
tion of the flat surface,

To set the Bennett guide for the opposite side, this entire procedure is re-
peated (Figs. 278 and 279).

When both Bennett guides have been adjusted and ground (if necessary), the
styli on both Bennett tracings will follow the long Bennett line on one side and

278

279

Fig. 278. The upper bow of the articulator and pantograph is moved into the lateral posi-
tion until the stylus of the pantograph on the articulator is on the end of the Bennett tracing
made by the patient (right side).

Fig. 279. The Bennett guide is closed until it just contacts the Bennett guidepost.
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280

281

Fig. 280. The reciproeal tracing on the working side (left side) checks the Bennett movement
of the opposite side (right side). 1

Fig. 281, The reciprocal tracing on the working side (right) checks the Bennett movement of
the opposite side (left).

the tail on the opposite side (Fig. 280). The same is true when the opposite
lateral movement is examined. Both the long line on the one side and the tail on
the opposite side will be followed simultaneously (Fig. 281).

TILT OF AXIS

The next adjustment is the tilt of the axis.
The little tail on the posterior vertical slide represents the vertical component
of the Bennett movement on the working side ( Fig. 282).
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As the upper bow of the articulator is moved into the working occlusion on
the side being examined, check the path of the stylus. If the path is accurately
followed, no adjustment is necessary. If the stylus cuts above the tracing (Fig.
982), then the axis must be tilted so that the upper bow of the articulator (carry-
ing the slide), will be made to rise as we go into the working occlusion. In other

282

283

Fig. 282. The stylus of the pantograph on the articulator is above the vertical tracing of the
Bennett movement made by the patient.

Fig. 283. The axis is tilted so that the upper bow of the articulator and the slide on the
pantograph are raised as they are moved into the working occlusion.
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Fig. 284. The stylus of the pantograph on the articulator follows the vertical tracing of the
Bennett movement made by the patient after the axis is properly tilted.

Fig. 285. On the right side, the stylus of the pantograph on the articulator is below the
vertical tracing of the Bennett movement made by the patient.

Fig. 286. The axis is tilted so that the upper bow of the articulator and the slide on the panto-
graph are lowered as they are moved into the working occlusion.
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Fig. 287. The stylus of the pantograph on the articulator follows the vertical tracing of the
Bennett movement made by the patient after the axis is properly tilted.

words, the axis is tilted so that the medial part is higher than the lateral por-
tion (Fig. 283). Fig. 284 shows the stylus after the axis has been properly tilted.
These steps are repeated for the opposite side (Figs. 285 to 287).
It may be found that tilting the axis on one side will affect the adjustment
on the other. If such is the case, the first setting will have to be readjusted.

Fig. 288. The stylus of the pantograph on the articulator is inside the inner wing of the
Gothic arch tracing made by the patient.
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ROTATION OF AXIS

The next tracing to which the gnatholator has to be adjusted is the inside
wing of the Gothic arch (Fig. 288). This is accomplished by rotation of the
axis (Figs. 289 and 290).

289

290

Fig. 289. The axis is rotated to permit the center of the imaginary compass to move forward
as it moves inward,

Fig. 290. The stylus of the pantograph on the articulator follows the inner wing of the Gothic
arch tracing made by the patient after proper axis rotation.
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Fig. 291. On the left side, the stylus of the pantograph on the articulator is outside the inner
wing of the Gothic arch tracing made by the patient.

Fig. 292, The axis is rotated to permit the center of the imaginary compass to move backward
as it moves inward,

Again visualize a compass with the pivoting center travelling along the axis
on the same side that is being examined. If the stylus travels beyvond (outside)
the inner wing of the tracing (Fig. 291), the axis must be rotated so that the
medial portion is farther back than the lateral part (Fig. 292). In other words,
the pivoting center of the compass will move backward as it moves inward on
the axis. This will cause the tracing part of the compass to cut more sharply in
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Fig. 293. On the left side, the stylus of the pantograph on the articulator follows the inner
wing of the Gothic arch tracing made by the patient after proper axis rotation.

a posterior direction as it travels medially. After the axis is properly rotated, the
stylus will accurately follow the inner wing of the tracing ( Fig. 293).

Conversely, when the stylus travels inside the inner wing (Fig. 288), it be-
comes necessary to allow the pivoting part of the compass to travel forward as
it goes medially along the axis. The rotation of the axis, then, is such that the
medial side (inner portion) of the axis is more forward than the lateral or outer
side (Fig. 289).

This is repeated on the other side until the inner wing of the tracing on that
side is accurately followed.

At this point, all the tracings should be followed by the styli, with the excep-
tion of the protrusive and lateral paths on the posterior vertical (condyle)
slides.

SELECTION OF CONDYLE DISC

In order to get the stylus to follow the protrusive tracing, one must select a
condyle disc which has the proper curvature for the particular patient.

It is now necessary to execute a rather complicated maneuver. The upper
bow of the articulator must be made to follow -the same protrusive tracing
made by the patient when the registrations were taken. T'o do this, one must fol-
low the protrusive tracing on one Gothic arch (Fig. 294) and the protrusive
path on the horizontal (Bennett) slide (Fig. 295). At the same time, the path
travelled by the horizontal pin on the vertical (condyle) slide (Fig. 296) must
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294

295

Fig. 294. The protrusive path of the Gothic arch tracing guides the upper bow of the articulator
and pantograph into the recorded protrusive path of the patient.

Fig. 295. The protrusive path recorded on the horizontal slide helps to move the upper bow
of the articulator and pantograph into the recorded protrusive path of the patient.

be observed. By adjusting the inclination of the condyle slot, one can easily make
the pin terminate on the end of the protrusive path of the vertical slide, but
must now check to see whether it follows the path in its entirety, i.e., whether
the curvature is correct for the patient. If the pin travels across (above) the
tracing from the beginning to the end, there is not enough curvature. If the
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Fig. 296. The fidelity with which the stylus of the pantograph on the articulator follows the
protrusive path made by the patient is examined on the posterior vertical tracing.

Fig. 297. Selection of the correct condylar cur
£ITOY,

ture is made by a process of trial and
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"ig. 298. The protiusive position is duplicated by the tracing on the horizontal slide (with
the aid of the protrusive path on the anterior slides).

Fig. 299. The fidelity with which the stylus of the pantograph on the articulator follows
the protrusive path made by the patient is examined on the posterior vertical tracing.
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Fig. 300. Selection of the correct condylar curvature is made by trial and error for the left side.

pin cuts below the tracing and then coincides at the end, the curvature of the
condyle slot is too great, and one with less curvature must be substituted. By a
process of trial and error, the proper condyle slot is selected for each side (Figs.
297 to 300).

Fig. 301, The selected path is checked to determine whether it permits the stylus of the
pantograph on the articulator to follow the lateral path made by the patient.
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ROTATION OF CONDYLE PATH

Now the most tedious part of the adjustment has to be made. Occasionally
the selected path will follow the lateral tracing (the lower, longer one), as well
as the protrusive tracing. However, if it does not, as in Fig. 301, one other ad-
justment is necessary—the rotation of the condyle path (Fig. 302). To which di-

Fig. 302. The selected path is rotated,

Fig. 303. The stylus of the pantograph on the articulator follows both the protrusive and
lateral paths made by the patient.
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304

305 |

Fig. 304. On the right side, the selected path is checked to determine whether it will permit
the stylus of the pantograph on the articulator to follow the lateral path.
Fig. 305. The selected path is rotated on the right side.

rection (in or out) it must be rotated depends upon the inclination of the axis,
which was previously determined and set.by the tail of the tracing.

If, when the lateral excursion is tested, the pin travels below the tracing, it is
necessary to make the upper bow drop as it comes into the lateral movement.
This is done by rotating the anterior part of the path outward if the axis is tilted
upward from the outside inward. However, if the pin does not go down to the



Fig. 306. The stylus of the pantograph on the articulator follows both the protrusive and
lateral paths made by the patient on the right side.
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Fig. 307, Card on which articulator settings are recorded.
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lower tracing (Fig. 301), then the upper bow (carrying the slide) must be made
to rise. This can be accomplished by rotating the condyle inward at the anterior
part if the axis is tilted upward from the outside inward, as in Fig. 302. Usually
this has some effect on the protrusive travel of the pin, necessitating certain ad-
justment and possibly a change of the condyle slot for one of another curvature.
Not until there is a proper combination of condyle curvature and instrument
setting will both paths be followed exactly (Fig. 303). The finding of this combi-
nation may be extremely trying, but it can be done.

When the other condyle slot has been selected and made to follow both paths
(Figs. 304 to 306), the instrument is fully set and should faithfully follow all the
paths of the tracings.

The settings are carefully recorded (Fig. 307), and the Bennett plates in-
scribed with the patient’s name.

The writing apparatus and clutches may now be removed, and the study
casts, working models, or restorations are mounted.
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Settang the Stuort articulator

The articulator of Dr. Charles E. Stuart of Ventura, California, is another in-
strument which can faithfully duplicate the registrations made by the patient.
As in the case of the gnathoscope and the gnatholator, it warrants our attention
here.

ASSEMBLY OF THE ARTICULATOR AND PANTOGRAPH

The upper and lower members of Stuart’s pantograph (see Chapter 5, dis-
cussion on registrations ), locked together, are removed from the patient by loosen-
ing the separable studs. The locked apparatus (Fig. 308) is then taken to the
laboratory and prepared for mounting on the articulator. The clutches are re-
assembled and replaced on the writing apparatus, and the upper clutch is at-
tached with stone to the upper bow of the articulator. While the stone sets, the
apparatus is held in proper relation to the articulator by the mounting frame
(Fig. 309). The articulator, with the writing apparatus attached to the upper
bow, is then removed from the mounting frame, and the lower clutch is attached
with stone to the lower bow.

When the mounting is completed, the adjustment of the articulator can be
made. The vise grips that have locked the upper and lower members of the
writing apparatus together are removed. Now, with the upper and lower bows
of the pantograph fixed to the upper and lower bows respectively of the articu-
lator, the articulator can be moved.

The practical accomplishment of setting an articulator is finding the com-
bination of settings that will permit a faithful reproduction of the writings
made by the patient. Because of the interaction of the adjustments, it is
necessary to re-examine each previous setting after a subsequent adjustment
has been made. Usually a slight change has to be made in the previous
adjustment.

201
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308

Fig. 308. Stuart’s pantograph as removed from the patient.
Fig. 309. Stuart’s pantograph held in position by the mounting frame and attached to
the upper bow of his articulator,

SETTING INCLINATION OF FOSSA

The first step is to turn in the jackscrew on. the side about to be adjusted (Fig.
310). The jackscrew is located on the back of the side shift guide wing and is
tarned in until the recorder stylus approximates the end of the recorded line on
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310

311

Fig. 310. The jackscrew on the right side tmmed in until the stylus of the pantograph on
the articulator approximates the end of the lateral tracing made by the patient.

Fig. 311. The stylus near the end of the lateral tracing after the jackscrew on that side has
been turned in.

the vertical (condyle) slide (Fig. 311). With the aid of the right-angle Allen
wrench, the screw holding the fossa (Fig. 312) is loosened, and the inclination
of the fossa (Figs. 313 and 314) is adjusted so that the stylus point coincides
with the end of the condyle tracing on the recorder (Fig. 315). If the stylus
point is above the tracing, the inclination of the fossa is increased. If it is below
the tracing, the inclination is decreased.



204 Modern gnathological concepts

Fig. 313. The fossa can be raised or lowered.
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Fig. 314. The fossa inclination adjusted so that the stylus of the pantograph on the articulator
coincides with the end of the recorded path.

Fig. 315, The stylus at the end of the tracing after the fossa is properly inclined.
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SETTING ANGLE OF BENNETT SHIFT

The angle of the side shift is next adjusted. With the jackscrew turned in
as for the previous adjustment, the lock nut holding the side shift wing is
loosened (Fig. 316). At this point, let us examine the relation of the vertical

316

317

Fig. 316. Loosening the lock nut that holds the side shift wing.
Fig. 317. The stylus of the recorder on the articulator is lateral to the tracing made by the
patient.
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stylus to the tracing on the horizontal recording plate on the same (balancing)
side. The side shift control ball must be against the side shift guide wing.
If the stylus is lateral to the recorded line, as in Fig. 317, it is necessary to in-
crease the angle of the side shift guide wing (Fig. 318). By doing this, we will

Fig. 318. The angle of the side shift guide is increased.
Fig. 319. The stylus of the recorder on the articulator is at the end of the lateral tracing
made by the patient,
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make the stylus point coincide with the end of the recorded tracing (Fig. 319).
To maintain the side shift wing in this position, the holding screw is tightened.
If the stylus were medial to the recorded path, the angle of the side shift wing
would have to be decreased.

At this stage, recheck the condyle tracing on the same side to determine
whether there has been any interaction as a result of the subsequent setting.

SETTING CENTER OF LATERAL ROTATION

Keep the jackscrew turned in as before, maintaining the same lateral posi-
tion with the styli on the ends of the lines of the condyle and lateral shift
tracings. With the articulator in this position, it is now possible to set the rota-
tion center of the opposite side (Fig. 320). Let us examine the relation of the
vertical stylus on the front horizontal plate on the rotating side. In Fig. 321, we
note that the stylus is anterior to the medial wing of the Gothic arch tracing.
Loosen the holding nut of the main fossa bracket, as well as the holding nut of
the condyle ball on the lower frame of the articulator, Then slide the main
fossa bracket and the condyle ball laterally a few millimeters at a time (al-
ways an equal number on the upper and lower bow) until the vertical stylus is
at the end of the medial wing of the Gothic arch tracing (Figs. 322 and 323).
It is important always to have the exact number of calibrations on the upper
bow as on the lower bow; otherwise the articulator members will not be centered.

Fig. 320, The center of lateral rotation of the opposite side.
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Fig. 321. The stylus of the recorder on the articulator is in front of the inner wing of the
Gothic arch tracing made by the patient.

Fig. 322. The center of lateral rotation moved outward, The upper and lower members of the
articulator must be moved exactly the same number of calibrations.
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Fig, 323. The stylus of the recorder on the articulator is at the end of the inner wing of the
Gothic arch tracing made by the patient,

ADJUSTING TILT AND ROTATION OF AXIS

With the jackscrew in the same position, examine the tracing on the vertical
condylar recording plate on the rotating (working) side. It will be noticed that
a “back line” or reciprocal tracing, which is there because the tracings are

Fig. 324. The stylus of the recorder on the articulator is helow the reciprocal tracing made
by the patient.
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Fig. 325. The right-angle Allen wrench is used to loosen the screw holding the fossa trunnion
bracket.

Fig. 326. The medial side of the trunnion is depressed.
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projected from the actual centers of rotation. This back line enables us to de-
termine the direction and extent of the axis shift. The styli points in the three
adjustments just made are on the ends of their respective tracings. If the stylus
point is below the end of the back line, as in Fig. 324, the screw holding the
fossa trunnion bracket (Fig. 325) must be loosened, and the medial side of the
trunnion holding the fossa must be depressed (Fig. 326) until there is coinci-

327

328

Fig. 327. The recorder stylus on the articulator is on but not at the end of the reciprocal
tracing made by the patient.

Fig. 328, The holding nut of the main fossa bracket is loosened, and the outer end of the
bracket is rotated posteriorly.
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330

Fig. 329. The recorder stylus on the articulator is on and at the end of the reciprocal tracing
made by the patient after proper rotation of the bracket and tilt of the trunnion.

Fig. 330. The adjustment of the left side is begun by turning out the jackscrew of the right
side and turning in the jackscrew of the left side.

dence at the end of the line. If, however, as in Fig. 327, the stylus is still in front
of the end of the line, loosen the holding nut of the main fossa bracket and rotate
the outer end of the fossa bracket. posteriorly, as in Fig. 328, until there is
coincidence at the end of the line (Fig. 329). When the main fossa bracket
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is being rotated, care must be taken not to move the position of the fossa
in relation to the condyle ball of the lower frame. It will be noticed that
it is sometimes necessary to tip the trunnion bracket, as well as to turn the
main fossa bracket, in order to have the stylus coincide at the end of the
back line,

Before proceeding with the corresponding settings on the oppposite side, re-
check the styli points for coincidence at the ends of the lines on the condyle path,
side shift, rotation center, and back line tracings. Because of the interaction
between the controls, it will probably be necessary to make slight readjustments
in some of the settings.

Now “back out” the jackscrew that has been holding the articulator in a
lateral position during the settings, return the articulator to centric position, and
turn in the other jackscrew, as in Fig. 330.

SETTING INCLINATION OF FOSSA ON OPPOSITE SIDE

The adjustments are repeated for this, the opposite side. Fig. 331 shows the
horizontal stylus below the lateral condyle path. To correct this, loosen the fossa
cup-holding screw (Fig. 332) and decrease the angulation of the fossa cup (this
causes the tracing to be lowered) until the stylus is on the lateral condyle path
tracing (Fig. 333). Then lock the fossa cup in this position and remove the right-
angle Allen wrench (Fig. 334).

Fig. 331. The recorder stylus on the articulator is below the lateral iracing made by the
patient.
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sl

Fig. 332. The right-angle Allen wrench is used to loosen the fossa cup-holding screw. The
fossa cup is elevated (the angulation is decreased ).

Irig, 333. The recorder stylus on the articulator is on and at the end of the lateral tracing
made by the patient.
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Fig. 335. Loosening the holding nut of the side shift wing.

SETTING ANGLE OF BENNETT
SHIFT ON OPPOSITE SIDE

Next proceed with the angle of the side shift wing. Loosening the holding
nut (Fig. 335), examine the side shift tracing to see whether the stylus is
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Fig. 336. The recorder stylus on the articulator is outside the Bennett path tracing made by
the patient.

Fig. 337. The side shift wing is opened to permit the tracing on the articulator (and the
upper bow ) to move further to the side.

near it (Fig. 336). With the side shift ball against the wing, move the side
shift wing (Fig. 337) until the vertical stylus point is on the side shift tracing
(Fig. 338).
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Fig. 338. The recorder stylus on the articulator is on the end of the Bennett path tracing made
by the patient after proper setting of the side shift wing.

SETTING CENTER OF LATERAL
ROTATION ON OPPOSITE SIDE

With the styli points on the ends of the tracings in the two previously ad-
justed positions, examine the inner wing of the Gothic arch tracing on the ro-

Fig. 339. The recorder stylus on the articulator is behind the inmer wing of the Gothic
arch tracing made by the patient.
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tating side (Fig. 339) and note that the stylus point is behind the tracing. Fig.
340 shows the position of the center of rotation. In order to bring the stylus
forward in relation to the inner wing of the Gothic arch tracing (Fig. 341), it
will be necessary to move the center of rotation inward, as in Fig. 342. One must
remember to maintain the centric relation of the upper and lower members
of the articulator by keeping the millimeter readings exactly the same on both
the upper and lower bows.

Fig. 340. The position of the center of lateral rotation before adjustment.

Fig. 341. The recorder stylus on the articulator is on the end of the inner wing of the Gothic
arch tracing made by the patient.
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Fig. 342. The position of the center of lateral rotation after adjustment.

ADJUSTING TILT AND ROTATION
OF AXIS ON OPPOSITE SIDE

The back line on the rotating side is now examined, and we find that the
point of the horizontal stylus is above this line (Fig. 343). Loosening the screw
which holds the fossa trunnion bracket and raising the medial end a few de-
grees (Fig. 344) until the stylus is on the line (Fig. 345) will cause the point
to be in front of the end of the back line. The next step is to loosen the nut
holding the main fossa bracket and rotate the outer end of the main fossa pos-
teriorly, as in Fig. 346, until coincidence is obtained at the end of the line, as in
Fig. 347.

Having obtained coincidence at the end of the back line, one should check to
see whether there is still coincidence at the ends of the other lines. If there is
not, then it is necessary to make minor readjustments to overcome the effect of
the interaction of the various adjustments.

In adjusting to the back line, occasionally one may have to tip the outer por-
tion of the fossa downward on its outer extremity to provide for a downward
shift of the outward-moving rotating condyle.

If the setting is extreme, it is possible to avoid subsequent extensive grinding
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Fig. 343. The recorder stylus on the articulator is above the reciprocal tracing made by the
patient.

Fig. 344. The screw holding the fossa trunnion is loosened, and the medial end of the
trunnion is raised.
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of the eminentia for protrusive and lateral adjustment by adding a little quick-
curing plastic to the eminentia. Set the fossa at zero, remove the eminentia, and
attach a small rounded cone of the plastic, about a quarter inch in diameter, just

i

5 .
s

345

346

Fig. 345. The recorder stylus on the articulator is on but not at the end of the
tracing made by the patient.

Fig. 346. The outer end of the main fossa bracket is rotated posteriorly,

reciprocal
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Fig. 347. The recorder stylus on the articulator is on and at the end of the reciprocal tracing
made by the patient.

lateral to the centric contact point of the condyle ball with the eminentia. While
the plastic is moldable, replace the eminentia and allow the plastic to mold
around the outer part of the condyle ball, taking care not to interfere with
the centric contact. When the plastic has set, remove the eminentia and grind
away any excess of plastic that may have formed down over the sides of the
ball, leaving only the plastic that hugs the outer side of the ball. ’

Replace the eminentia and, with the fossa trunnion set at zero, test the refer-
ence of the stylus to the end of the back line on the vertical plate with the ar-
ticulator in lateral position. If the stylus is above the end of the line, either add
more plastic or tip the outer extremity of the trunnion downward a few de-
grees to make the stylus agree at the end of the line.

If the stylus is below the end of the back line, remove a little of the plastic
from the eminentia and test for alignment. This procedure is repeated until
alignment is achieved.

At this point, we have adjusted the articulator to the ends of all the tracings.
Very probably, however, there will be misses from the centric points to the
extremities, and we will now make such readjustments as are necessary to en-
sure that all the tracings are followed faithfully in their entirety.

GRINDING BENNETT GUIDE FOR BENNETT CURVATURE

Return the articulator to centric position by turning out both jackscrews and
move it to a lateral excursion, making sure to ride the ball against the side
shift guide. Examine the path of the posterior vertical stylus as it travels over
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the horizontal side shift tracing, taking care to ride the side shift guide wing
against the side shift ball in the direction in which the articulator is being
moved. If the stylus cuts across and does not follow the side shift path, it will
be necessary to grind the side shift control wing to reproduce the curve of the
side shift path (Fig. 348).

348

349

Fig. 348. The recorder stylus on the articulator does not follow the curve (between the
beginning and the end) of the Bennett path tracing made by the patient.

Fig. 349. Carbon paper is used to mark the area on the side shift wing, which has to be
ground,
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350

351

Fig. 350. The small holding nut at the top of the side shift adjustment nut is loosened.
Fig. 351. The carbon-marked side shift wing is removed.

Carbon paper is placed between the ball and the side shift wing on the
sliding condyle side (Fig. 349), and the articulator is moved from the centric to
the lateral position. Again, we must make sure that the side shift ball is against
the wing. The articulator is moved from where the stylus begins to leave the
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line to where it resumes on the line. Move it back and forth between these
two points, marking the area on the side shift wing that has to be ground.

Next, loosen the small holding nut at the top of the side shift adjustment nut
(Fig. 350). This permits removal of the side shift wing without altering the angle
of the wing, and it can easily be returned to the same angle after each grinding.
With a stone having a %-inch diameter, carefully grind the marked path (Figs.
351 and 352) until the vertical stylus point follows the entire side shift path on

353

Fig. 352. The side shift wing is ground where marked.
Fig. 353. The ground side shift wing enables the recorder stylus on the articulator to follow
the entire Bennett path tracing made by the patient,
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the horizontal recording plate (Fig. 353). Be very careful not to grind the start
of the path on the side shift wing. If this were carelessly ground, the positive cen-
tric guide which is so important would be lost.

These steps are repeated for the other side. To mark the path, carbon paper
is placed between the side shift ball and the side shift guide wing of the op-
posite side (Fig. 354). Loosen the small holding nut at the top of the side
shift adjustment nut (Fig. 355), remove the guide wing, and grind along the

354

Fig, 354. The side shift wing on the right side is marked by carbon paper.
Fig. 355. The small holding nut at the top of the side shift adjustment nut is loosened,
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356

357

Fig. 356. The carbon-marked side shift wing is removed.
Fig. 357. The side shift wing is ground where marked.

marks (Figs. 356 and 357) until the stylus tip follows the entire side shift path
faithfully at every point.

SELECTION OF CONDYLE PATH

The next consideration is the selection of the condyle path. Moving the ar-
ticulator to a lateral excursion and making sure to ride the side shift ball with
the side shift guide wing on the sliding side, examine the relation of the hori-
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Fig. 358, The recorder stylus on the articulator does not follow the in-between portion of the
lateral path tracing made by the patient.

zontal stylus to the lateral condyle path. If the stylus arcs above the patient’s
tracing and then agrees at the end of the line, as in Fig. 358, it is indicative
that an eminentia with less radius of curvature is required. In other words, a
steeper path is needed. Several eminentiae should be tried until one is found
that produces the closest coincidence along most of the path. Whenever an
eminentia is changed, its inclination must be readjusted so that there will
again be coincidence at the end of the line. ’

Fig. 359. Carbon paper is used to mark the area on the eminentia where grinding is
indicated.
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Grinding eminentia for lateral path

If the stylus cuts below the tracing in some area, it will be necessary to grind
the eminentia. Use carbon paper, as in Fig. 359, to mark the area to be ground
and remove the eminentia by loosening the screw (Fig. 360). Fig. 361 shows
the mark on the eminentia made by the carbon paper. Now grind, as in
Fig. 362, until the stylus tip follows the entire lateral condylar path (Fig.
363).

360

361

Fig. 360. The screw is loosened to remove the eminentia in order to grind it or replace it with
another curvature.
Fig. 361. The eminentia is marked in the lateral excursion.
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362

363

Fig. 362. The eminentia is ground for the lateral excursion.
Fig. 363. The recorder stylus on the articulator follows the lateral tracing made by the
patient in every detail.

Grinding eminentia for protrusive path

The protrusive path, which is usually above the lateral path, will automatically
be followed by the stylus after all these adjustments are made. If not, as in
Fig. 364, reset the eminentia to a steeper inclination and mark and grind for
coincidence along the protrusive path. Fig. 365 shows the carbon marking on
the eminentia alongside the lateral marking. Be sure to grind only the pro-
trusive markings. Fig. 366 shows the stylus tip faithfully following the pro-
trusive path after the grinding has been done.

It will now be necessary to remark and regrind the eminentia for the lateral
path. This procedure is repeated for the opposite side.
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Fig. 364. The recorder stylus on the articulator does not follow the protrusive path tracing
made by the patient.

Fig. 365. Carbon marking of the protrusive path alongside the lateral marking.
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Fig. 366. The recorder stylus on the articulator follows the protrusive path tracing made
by the patient.

Fig. 367. The recorder stylus on the articulator does not follow the in-between area of the
lateral path tracing made by the patient on the left side.
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Examine the path of travel of the horizontal stylus tip in relation to the
lateral condyle path. If it cuts above the tracing, as in Fig. 367, select an
eminentia with a shorter radius of curvature, i.e., a path with more curvature.
Fig. 368 shows the eminentia in the articulator when the stylus-tracing relation-
ship was examined. Fig. 369 shows the path that had to be substituted in order
to obtain coincidence along the entire tracing. Fig. 370 shows a side view of the
eminentia. The horizontal stylus tip now follows the lateral condyle tracing in its
entirety (Fig. 371). '

In examining the relation of the stylus to the protrusive tracing, however, we
find that the stylus is above the tracing (Fig. 372). This means that the inclina-
tion of the eminentia must be increased until we are at the end of the protrusive
line, and the eminentia is ground until the stylus follows the path in every detail,

368

369

Fig. 368. The eminentia in the articulator when the lateral tracing on the left side was
examined.
Fig. 369. The eminentia substituted for the one previously in the articulator,
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370

371

L

Fig. 370. Side Vi(‘)V%;/jOf the eminentia used.
Fig. 371. The recorder stylus on the articulator follows the lateral path tracing made by the
patient in its entirety.
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as in Fig. 373, The lateral path on the eminentia will have to be ground, too, in
order that it may again be followed exactly.

In testing the protrusive path, it is advisable to turn both jackscrews in
simultaneously, being careful to follow the four vertical styli (two in the front
and two in the rear) as they travel on the protrusive tracings. The protrusive
path of the horizontal styli should also be checked as they travel over the
paths on the horizontal plates at the rear.

When the articulator is completely adjusted, the settings are recorded on the

372

373

Fig. 372. The recorder stylus does not follow the protrusive path made by the patient.
Fig. 373. After proper adjustment of the eminentia, the recorder stylus on the articulator follows
the protrusive path in every detail.
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Fig. 374. The chart on which the settings are recorded.

chart (Fig. 374). The patient's name should be engraved on the side shift
wings and on the eminentiae, if these were ground. This enables the articulator
to be reset and reassembled accurately when the work that is planned is
resumed. '

Reference

1. Stuart, Charles E.: Instructions for Use of Gnathological Instruments, Ventura, Calif.
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The De Pietro articulator’

The first new articulator in years with a fresh design has been developed
by Dr. A. J. De Pietro of Philadelphia. The De Pietro articulatorf has nu-
merous innovations which will make better dentistry easier. At the moment,
it is in the checkbite stage, but it has been designed so that, in the near
future, it can very simply and economically be converted to a fully adjustable
instrument.

Although we do not endorse any checkbite technique for full-mouth rehabili-
tation, we feel there is a definite place for its use in the construction of den-
tures. Moreover, the checkbite sequence is a logical precursor of a fully adjust-
able technique. Therefore, any beginner in this work would do well to start
with a sound checkbite method.

MOUNTING STUDY CASTS

Adequate study casts are mounted on the articulator to an approximate axis
and to a good centric relation record. The procedure is quite similar to the
temporary mountings on the other articulators, but there are some very im-
portant improvements in the technique which simplify this step.

Mounting post

There is no separate mounting frame, but a mounting post (Fig. 375). By
means of this post, the face-bow is held in a convenient position on the articulator
frame (Fig. 378).

*The photographs for this chapter were taken by Dr. A. J. De Pietro; the text is based
on a description of the technique by Dr. G. J. De Pietro.
tManufactured by The J. M. Ney Company, Hartford, Conn.
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375

376

Fig. 375. The mounting post is positioned on the anterior part of the articulator frame in

place of the incisal table.
Fig. 376. The transfer bow is held on the articulator frame by means of the mounting post.
Note that it only requires a convenient position, not an exact adjustment to anything.

Intercondylar distance setting gauge

The distance between the points of the face-bow rods is measured by means
of the intercondylar distance setting gauge (Fig. 377). This enables us to ac-
curately set the location of the condylar assemblies without a process of trial and
error,
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377

378

Fig. 377. The intercondylar distance-setting gauge is in position to measure the distance be-
tween the transfer bow points.

Fig. 378. The condyle paths are removed from the upper bow in preparation for mounting
the upper cast. .

The condyle paths (not the assemblies) are removed from the upper bow
(Fig. 378). The assemblies are rotated about their longitudinal axis 180° so that
the terminal hinge abutments are facing directly outward (Fig. 379). Set the
condylar assemblies to the reading obtained by the intercondylar distance setting
gauge, replace the incisal guide pin with the axis-orbital rest, and position
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379

380

Fig. 379. The assemblies are rotated so that the terminal hinge abutments are facing outward.
The assemblies have been set to the readings obtained from the intercondylar distance-

setting gauge.
Fig. 380. The axis-orbital rest is positioned on the upper bow. The upper bow is placed on
the transfer bow.

the upper bow on the face-bow (Fig. 380). The upper bow is quickly and
accurately related to the transfer bow. Any movement of the transfer bow must
take the articulator bow with it, thus maintaining a constant relation.

The upper cast can now be positioned in the face-bow fork indentations and
attached to the upper bow of the articulator.
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Fig. 381. The lower cast has been related to the upper cast by means of a centric interocclusal
record.

After the stone sets, the upper bow of the articulator is removed from the
face-bow. The incisal pin replaces the axis-orbital rest; the incisal table replaces
the mounting post. Rotate the condylar assemblies back to their normal posi-
tion, replace the condylar paths, and set at 45°. Reassemble the articulator by
placing the upper bow on the lower bow and adjust the intercondylar distance
to 55 on each side, both upper and lower.

By means of a centric relation record, the lower cast is attached to the lower
frame of the articulator (Fig. 381).

CONSTRUCTION OF CHECKBITE CLUTCHES

Clutches especially designed for checkbites are necessary to secure proper
registrations. These can be constructed of self-curing plastic (tray type) on the
mounted study casts.

Relief of casts

The casts are prepared for clutch construction by relieving the buccal and
lingual surfaces of the teeth with one layer of baseplate wax. The palatal and
lingual areas of the casts are blocked out with modeling compound up to one
third of the height of the teeth. The casts are soaked in water for lubrication,

Placement of checkbite plates

The self-curing plastic is adapted to the upper cast, covering the wax relief
and the exposed occlusal and incisal surfaces. The maxillary clutch central
bearing plate is imbedded in the soft plastic, and the surface of the plate is
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made even with the occlusal surfaces of the teeth. When the plastic is hard, the
maxillary cast and clutch are placed on the articulator.

The mandibular cast is now placed on the articulator and adapted with self-
curing plastic. The mandibular clutch central bearing plate is positioned in the
soft plastic, and the surface of the plate is made level with the teeth. While the
plastic is still flexible, the clutch spacing template is placed in position, and the
articulator is closed until the lower clutch plate is parallel to the positioned upper
clutch plate. The stylus is placed on the mandibular clutch bearing plate and set
to maintain the space established by the spacing template.

Placement of studs

To place the studs on the clutches, the incisal table is replaced with the
stud-setting post and the incisal guide pin is removed. The stud-setting post

- 382

383

Fig. 382, The stud-setting post properly spaces and securely holds the studs in place for
attachment to the clutches. 4
Fig. 383. The clutches are trimmed and ready for the patient.
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will hold the studs in proper position while they are being attached to the
clutches (Fig. 382).

After the studs are fastened to the clutches, check to make sure that the
bearing plates are securely attached. Then trim the clutches so that they will be
comfortable for the patient (Fig. 383).

TAKING BREGISTRATIONS

The first step in securing registrations is the location of the hinge axis
(Fig. 384). This procedure is the same as the one described in Chapter 3.

After locating and marking the axis points and the axis-orbital point, remove
the face-bow and prepare to secure the necessary checkbites.

The patient is guided into centric relation. Then the protrusive path is
scribed by the patient moving freely forward from the centric position. Next,
the right and left lateral excursions are made. Make sure that the patient gives
the full lateral range. This is checked by repeated lateral excursions. In addition,
it may be advisable to help the patient make the lateral excursion by placing the
thumb on the side of the mandible and assisting the patient into each lateral
excursion.

Now measure 5 mm. from the apex of the Gothic arch along the protrusive
tracing and 7 mm. along each lateral tracing, marking these points. With a
No. % round bur, make indentations on these three marks.

The surfaces of the clutches are lubricated, and the checkbites are taken.

The checkbites are made with accelerated stone. The time of setting is de-
pendent upon the amount of accelerator and should be determined by the op-
erator for each batch of material.

Fig. 384. The hinge axis is located by means of the De Pietro hinge-bow,
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The patient is instructed to slide into the protrusive position until the stylus
drops into the protrusive hole. While the patient holds this position, the accel-
erated stone is placed between the clutch plates with either a plaster gun or a
plastic bag. When the stone has set, the protrusive checkbite is removed and
marked. ,

The right and left lateral checkbites are obtained in a similar manner.

The patient now opens and closes the jaws in the centric relation position,
and a centric relation checkbite is obtained.

Attach the maxillary clutch stud to the maxillary clutch and set the face-bow
to transfer the clutch to the articulator in the proper relationship to the axis.

386

Fig. 385. The clutches, transfer bow, and checkbites are ready for the articulator setting.
Fig. 386. The transfer bow relates the upper clutch to the upper bow of the articulator:
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Fig. 387, The centric relation checkbite positions the lower ‘clutch for attachmcnt to the lower
bow of the articulator.

All the precautions relative to a face-bow transfer (see Chapter 3) must be
observed.

After all the records are secured (Fig. 385), the clutches are mounted
on the articulator. This is accomplished by means of the transfer bow (Fig.
386) and the centric relation record (Fig. 387). These steps are exactly
the same as those for mounting the study casts, described earlier in this
chapter,

After the clutches are properly mounted to the centers of rotation of the
articulator, the instrument can be adjusted. '

SETTING ARTICULATOR

The incisal guide pin is removed from the upper bow, the condyle path in-
clination is set at 0°, and the Bennett lock screws are released.

Protrusive setting

Place the protrusive checkbite in position on the mandibular clutch (Fig. 388)
and fit the upper bow into the checkbite. Release the condyle path inclination
lock screw and adjust the path until the superior surface of the fossa contacts
the condyle ball (Fig. 389).

Repeat this setting for -the cbﬂdyle -path -inclination of the other side (Fig.
390) and record these settings on the chart.
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Fig. 388. The protrusive checkbite in position on the lower clutch.

Fig, 389. Protrusive setting of the right condyle.
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Fig. 390. Protrusive setting of the left condyle.

Left lateral setting

The Bennett lock screw on the right side of the articulator is released. The
left lateral stone checkbite is placed in position (Fig. 391), and the upper bow of
the articulator is adjusted so that the maxillary clutch fits snugly in place on the

Fig. 391. The left lateral checkbite in position on the lower clutch.



The De Pietro articulator 249

i

A

Fig. 392. Upper bow of the articulator placed in position on the left lateral checkbite.

checkbite (Fig. 392). With the left lateral checkbite positioned between the
clutches, the left condyle ball is in the working position (retruded in the fossa),
and the right condyle ball is in the balancing position (situated along the path
of the fossa).

At this point, there may be several conditions apparent which will govern
the adjustment.

If the clutches are seated in the checkbite and the working side condyle is
contacting the superior and posterior surfaces of the fossa, no adjustment is
made in the intercondylar distance at this time.

To check the seating of the ball in the fossa, pressure is applied in the
region of the mounting plates. If it is not seated, the condylar assembly will
display some movement.

If the clutches are seated in the checkbite, but the condyle ball is not contact-
ing the fossa (Fig. 393), it will be necessary to change the intercondylar
distance. The intercondylar distance must be increased in order to bring the
ball into the fossa seat (Fig. 394). Be sure to maintain the centricity of the as-
sembly by having the exact reading on the upper and lower members. If it is
moved too far laterally, the clutches will become unseated from the checkbite.

If the intercondylar distance was too great at the start of the adjustment, the
clutches will not seat accurately into the checkbite, This will require reducing
the intercondylar distance by moving the upper and lower assemblies of that
side medially.
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Fig. 393. The left condylar assembly in the neutral position of 55.
Fig. 394. The intercondylar distance is increased to 59 to bring the ball into the fossa seat.

If the clutches are securely seated in the checkbite, release the condyle
path axis lock screw on the same side (in this instance, the right side). This
permits the axis to be tilted. The condyle path Bennett lock (which allows rota-
tion of the condyle path for the Bennett adjustment) is still free as a result of a
previous manipulation (Fig. 395). k
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395

396

Fig. 395. The Bennett lock is free as the result of a previous manipulation (right side or
balancing side in this instance ).
Fig. 396. The condyle ball contacts the medial surface of the fossa, setting the Bemnett shift.

Rotate the condylar assembly until the ball contacts the medial surface of
the fossa (Fig. 396) and at the same time tilt the asserably until the condyle
ball contacts the superior surface of the fossa (Fig. 397). These adjustments
must be made simultaneously as one tends to negate the other. After proper
adjustment, the lock screws are tightened securely.
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Fig. 397. The assembly is tilted until the condyle ball contacts the superior surface of the
fossa, thus setting the axis tilt.

If the clutches are not accurately seated in the checkbite, it may be due to the
present setting of the axis tilt. The Bennett lock is still open from the previous
manipulations. Release the axis tilt lock and tilt the condylar assembly until
the checkbite snugly accepts the clutches and the condyle ball contacts the
superior surface of the fossa.

Rotate the condyle assembly until the ball contacts the medial surface of
the fossa. A

The axis tilt is now adjusted and also the Bennett setting. These adjust-
ment locks are secured.

After making the balancing side adjustments, recheck the working side. Make
certain that the checkbite fits snugly between the clutches and that the condyle
ball makes contact with the superior and posterior surfaces of the fossa. The
working side may have to be readjusted.

Right lateral setting

After releasing the Bennett lock screw, position the right lateral checkbite
on the mandibular clutch (Fig. 398) and adjust the upper bow of the articulator
so that it fits snugly into the checkbite ( Fig. 399).

In the right lateral position, the working and balancing sides are reversed
from the left lateral position so that now the right condyle ball is in the working
position.

The procedure of adjusting the intercondylar distance is repeated for this
excursion (Fig. 400). When the condyle ball is against the superior and posterior
surfaces of the fossa of the working side, adjust the balancing side (other side).
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Fig. 398. Right lateral checkbite in position on the lower clutch.

Fig. 399. Upper bow held in right lateral position by the right lateral checkbite.
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Fig. 400. The intercondylar distance for the right lateral checkbite does not need to be
changed (working side on right side in this instance).

Fig. 401. The Bennett lock on the left side (permitting condyle assembly rotation) is free from
the previous manipulation.
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Fig. 402. The condyle assembly is rotated until the medial wall of the fossa contacts the
condyle ball. This sets the amount of side shift. On this side there is no need to tilt the axis.

Tilt the condyle assembly at the same time that it is rotated (Fig. 401) until the
ball makes contact with the superior surface of the fossa. Rotate the condyle
assembly until the ball contacts the medial wall of the fossa (Fig. 402).

After this adjustment, recheck the working side condyle for accuracy of
setting.

Now replace the right lateral checkbite with the left checkbite.

A careful examination should be made to determine whether the present
settings still maintain the required contact with the condyle balls. It may be
necessary to further refine the adjustments by repeating all the previous steps.

The settings are recorded on the chart.



CHAPTER 12

Principles of articulation

DEFINITION AND DISCUSSION

Articulation is the dynamic relationship of the surfaces of the teeth to their
opponents during the chewing motions or simulated chewing motions.

“Articulation with all its implications is the essence of dentistry, and an under-
standing of it is basic to every phase of dentistry. Improper articulation is
responsible for a great many of periodontal involvements, denture failures,
orthodontic collapses, and joint disturbances. The treatment and prevention
of such conditions depend upon comprehension of and attention to all the prin-
ciples of articulation.

To convey a clear picture of articulation is difficult, and sometimes it is
advisable to proceed from a study of a malarticulation. A practical beginning
is to describe what to look for in a set of teeth when one tries to determine
whether good articulation is present. Following this, the various factors in-
volved will be considered, noting how each affects the articulation.

In examining an articulation, it is essential to get the patient’s lower jaw in
centric relation (see Chapter 7). To do this, the patient must execute a terminal
hinge closure. In rehearsing this movement with him, the practitioner must
not permit the teeth to come together, and it is a good procedure to use the
thumbnail as an anterior stop. When the patient is capable of executing a pure
hinge closure, slowly and carefully retract the thumbnail until he contacts a tooth
surface or until all the teeth come together evenly. This should occur in the
most closed vertical dimension. If a tooth surface contacts before all the teeth
are together, that tooth surface is in a premature relationship. If one watches
carefully, he will notice a shifting of the mandible into an eccentric position
as the rest of the teeth come together. This is malarticulation and has been
referred to as the “eccentric slide.”

The first requisite, then, of articulation is an even contact or interdigitation of
the teeth as a terminal hinge closure is executed, this contact occurring when

256
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the jaws are closest together. There is, of course, a definite relationship of cusp
to fossa in this position, but these details will be treated later in Chapter 13.

The next test for articulation is to observe one of the eccentric positions or,
rather, the articulative path from the eccentric positions to centric relation.

Let us examine the straight protrusive excursion. In the ideal situation, the
relationship is such that, as the posterior teeth (on both sides) have the tips
of the lower buccal cusps in contact with the crests of the upper buccal cusps,
the anterior teeth are in a tip-to-tip arrangement. This is very rare. Actually, in
the correction of a malarticulation, the only time we strive for this relationship
is when the anterior teeth are periodontally involved. Otherwise, the anterior
teeth are in contact in the protrusive position without posterior tooth contact.

The next excursion to examine is the lateral protrusive. In this relationship,
the buccal cusps on the side being examined are tip to tip, as are the lingual
cusps. The posterior teeth on the opposite side are out of contact. The central,
lateral, and cuspid teeth of the examined side are in contact.

In the lateral excursion, on the working side, the cusps of the teeth should
pass each other without climbing on one another. The tips of the lower buccal
cusps should ride in the sulci and marginal ridges between the upper teeth..
The tips of the upper lingual cusps of the posterior teeth should travel in the
sulei and marginal ridges of the lower posterior teeth, On the balancing side, the
lingual cusps of the upper bicuspids should glide around the lower buccal cusps
as the lingual cusps of the upper molars pass through the sulci of the lower
buccal cusps of the molars, these cusps maintaining a balance without any
displacement of the condyle on that side.

This description is of necessity very sketchy because the purpose here is
simply to begin to paint a picture of the articulation. The details will be filled-
in later in Chapter 13.

FACTORS THAT DETERMINE ARTICULATION

Let us now examine the various factors that determine an articulation and
note the effect of each.

Variation in cusp height and width

First to be considered is the reason for the steeper angulation—the increasing
height—of the cusps as we go anteriorly in an arch.

In Fig. 403, we see a representation of a condyle path, AB. The center of
rotation (the head of the condyle) travels from the beginning of the path to
the end—from A to B. The occlusal contact sphere, C’'D)’, of the mandible is con-
comitant with the occlusal contact sphere, CD, of the maxillae in the centric rela-
tion. The occlusal contact sphere, CD, of the maxillac has a center, A’ In the
protrusive position, the occlusal contact sphere of the mandible assumes the
position C’D’ because it is attached to the condyle which travels along the
path AB. The upper and lower spheres contact posteriorly but are forced open
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Fig. 403. A diagrammatic illustration of the reason for increasing the cusp heights from the
second molar to the cuspid (see text),

Fig, 404. A diagrammatic illustration of the reason for increasing the mesiodistal cusp widths
from the second molar to the cuspid (see text).

anteriorly, Incidentally, the center of the mandibular sphere, C'D’, has now
travelled to point B’ in the protrusive position. A'B’ is parallel to AB.

As indicated by this diagram, if a simultaneous contact in the eccentric posi-
tions is maintained, it is necessary to have cusps of increasing height (angula-
tion) as we go forward. Actually, the drawing exaggerates the point, for the con-
ditions are modified by other factors of articulation such as the anterior guid-
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ance, the curve of Spee, and the plane of occlusion. These will be discussed
preséntly.

In addition to an increase in the cusp height or angulation as we go for-
ward in an arch, there is also an increase in the mesiodistal width of the cusps.
This is so because the long axes of the upper teeth are more or less vertical,
whereas their occlusal sinfaces are on a curved suwrface. The distance travelled
by the lower teeth in relation to the upper teeth is governed by the condyle
path. Since the teeth, mandible, and condyles together form one unit, they must
travel the same distance. Fig. 404, shows why a given distance travelled on a
curve (the condyle path, AB) shows variations when measured along a straight
line, CD. This is why the mesiodistal cusp widths must increase as we go for-
ward if there are to be simultaneous contacts in the various excursions.

Relation of maxillae and mandible

The next factor that must be considered is the relative size and relationship
of the mandible and maxillae. There may be a lack of harmony between these
structures which will make for an abnormal relationship of the teeth. If the
mandible is larger than the maxillae, there may be a cross-bite relationship with
the anterior teeth edge to edge. The maxillae may be much larger than the man-
dible, as in the case of the “chinless” patient. Or, there may be a combination
of these discrepancies which will produce any number of abnormalities. In the
treatment of such malarticulations, practical compromises will be necessary. Con-
sequently, these patients require considerable judgment.

Fig. 405, The effect of incorrect centric relation (missing the bite). These teeth are trawmatic
in the eccentric excursions as well as in the terminal hinge closure,
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Centric relation

The effect of an incorrect centric relation has already been touched upon (Fig.
405). Unless this starting point is properly established, nothing else about an
articulation can be correct—hence its importance. Without a proper centric rela-
tion, none of the tooth surfaces can be in harmony with the lateral or eccentric
movements. Remember that the mandible operates on the hinge axis in each
of its positions. Therefore, if the true center of rotation is not located, none of
the arcs of closure in any position can be correct. If the teeth do not mesh
when the mandible is in centric relation, destructive lateral forces will be set
up which will cause damage to the investing structures of the teeth. Proper
coordination of the articulating surfaces of the teeth to the closing axis of the
jaws will prevent premature wear of the cutting edges of these surfaces.

Hinge axis

The effect of the hinge axis on articulation is very closely allied to centric
relation. The one cannot exist without the other. The hinge axis can be located
only in the terminal hinge position, which is an important part of centric rela-
tion. The opening and closing component of centric relation is related by freezing
the terminal hinge action at a convenient level or vertical dimension. If one
accurately locates the centers of lateral motion but errs in the location of the
hinge axis, the articulation will be out of barmony. The arcs of vertical rota-
tion in the eccentric relations will not be harmonious with the patient’s arcs, and
lateral stresses will be created. In other words, failure to make use of the hinge

Fig. 406. Restorations (solid dark lines) that are not constructed to the patient’s axis will not
come together when their closure is governed by the patient’s axis (broken lines). The patient
cannot close his teeth properly.
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axis in an articulation will have the same effect as “missing the bite” (Fig. 406).
The fofces of articulation will be in a lateral pattern and destructive.

Curvature of condyle path

The curvature of the condyle path is another fixed factor of articulation, for it is
necessary to record the condyle path in order to be able to produce an accurate
articulation. The curvature of the straight protrusive path may differ from that
of the lateral path. The effect of the curvature is evident in the important con-
tacting surfaces located between the extremes of the centric and the eccentric
positions (Fig. 407). It is most evident in the balancing side contacts because

Fig. 407. The curvature of the condyle path has an effect on the contacting surfaces between
the extremes of centric relation and eccentric relations.

in this excursion the condyle travels along the curvature. The type of curvature
may vary from a straight path to one having the curvature of a circle with
a %-inch radius. The amount and type of separation in the posterior segment
of an articulation depend upon this curvature. To establish an equal contact
during the travel of the condyle along this path, it is necessary to have an ac-
curate reproduction of the curvature of the path. Frequently, because the curva-
ture cannot be changed, it is necessary to alter some of the related factors of
articulation, such as the plane of orientation and the curve of Spee, in order to
arrive more readily at an acceptable articulation.

Inclination of condyle path

The inclination of the condyle path has a somewhat similar effect as the
curvature on the posterior segment of the articulation when all the other factors
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Fig. 408. The inclination of the condyle path has an effect on the contacting surfaces at the
extremes of articulation.

remain the same (Fig. 408). The difference between the curvature and the slant
lies in the areas affected. Whereas the curvature has its greatest effect on the
in-between areas of function, the slant has more of an effect on the extremes of
the articulating contacts.

An incorrect curvature may return the mandibular teeth to the correct con-
tact at the extreme of function although there are misses in-between, whereas
an incorrect slant will separate the areas to a greater extent all along the path.
Of course, the reverse may also be true; i.e., it may bring the areas into too
severe a contact too soon. In other words, disregarding a lower degree of slant
in establishing an articulation will cause premature contacts in the posterior
part of the articulation.

Bennett movement

The most important factor to be considered in the articulation of teeth is the
Bennett movement. This is described in Chapter 2. Briefly, however, it is the side
shift of the mandible in the posterior region as the patient goes into a working
occlusion (Fig. 409). It is the movement that is responsible for the lateral chew-
ing stroke and, as such, is the movement during which the greatest amount of
lateral force is generated. For this reason, it is extremely important that the
articulating surfaces are in strict harmony with this side shift. Any discrepancy in
this harmony will result in the most destructive lateral forces encountered in a
malarticulation.

The effect of disregarding a patient’s Bennett movement is more readily dis-
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Fig. 409. The effect of the lateral shift of the centers of lateral movement, Note how this
shift determines the mesiodistal relation of the paths of travel of the cusps in the various areas,

cernible on the balancing side because the path between the distobuccal and
distal cusps of the lower molars is more nearly at right angle to the path of the
laterally moving center of rotation on the opposite side. The greatest destruction,
however, is evidenced on the working side because the greatest amount of chew-
ing force is exerted in this relation. Unless the cusps have an exact relationship
to the marginal ridges and sulci of their opposing teeth, the forces will be of a
destructive, lateral nature. Even slight variations will make a tremendous differ-
ence in the forces transmitted to the supporting structure.

To phrase it in another way, the Bennett path influences the position of the
cusps in their mesiodistal relation to each other on the working side. On the
balancing side, the Bennett path influences the height of the cusps as well -as
their position,

It is important, then, to record the path of the Bennett movement and ar-
range the cusps of the teeth so that they can pass each other without clashing
or climbing upon each other during function. At the same time, we want to main-
tain a continuous contact of these surfaces in order that they can efficiently
perform their function of chewing without damage to the supporting structure.

Thus far, we have considered the so-called “fixed” factors of articulation,
pointing out their effect on an articulation. These factors cannot be changed.
They cannot be ignored. They are peculiar to each patient and, as such, must be
taken into account if we are to observe and study the prevailing circumstances
with the intent of correcting them if they are not harmonious, These factors
must be considered as carefully as the teeth themselves or the ridges on which
the restorations are to be made, Just as great attention is paid to the prepared
tooth when it is to be restored, so is equal attention paid to the fixed factors of
articulation.

Tet us now consider those factors of articulation which are not immut-
able—those over which we have some degree of control.



264 Modern gnathological concepts

Axis-orbital plane

The axis-orbital plane is a plane of reference established by the two hinge
axis points posteriorly and a point at the floor of the right orbit (Fig. 410). It is
selected as a reference plane because it is nearly horizontal when the patient
is erect. When the axis-orbital plane on the articulator corresponds to the axis-
orbital plane of the patient, the exact relations of the condyle path, teeth, etc.,
as they exist in the patient’s mouth (Figs. 411 to 413), are obtained.

Fig. 410, The axis-orbital plane is determined by the two hinge axis points and a third arbi-
trary point, the infraorbital notch.

Fig. 411. The transfer bow in position with the axis-orbital plane indicator adjusted to the three
landmarks.
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Fig. 412. The transfer bow relates the upper cast (restorations or denture) to the upper bow

of the articulator. The axis-orbital indicator makes the upper bow parallel to the axis-orbital
plane.

Fig. 413. A composite drawing showing the relation of the axis-orbital plane of the patient to
the articulator. Note that the upper bow is parallel to the plane, that the condyle path of the
articulator coincides with the condyle path of the patient, and that both are in a definite re-
lationship with the axis-orbital plane.
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F ig. 414, The third point of the axis-orbital plane is arbitrary and can be selected anywhere,
As explained in the text, there are good reasons for using the infraorbital notch.

Fig., 415. The relation of the upper bow to the selected plane is maintained parallel By the
design of the instruments used.
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Fig. 416, Note that the patient’s condyle path has two entirely different inclinations when
another plane of reference is used. It is important to permanently mark this third point of
reference and always refer to the same plane in order that the records are constant when used
again,

This plane of reference is the base line for the recording of condylar inclina-
tions (Figs. 414 to 416). When a condyle path is said to have a 30° inclination, it
is in reference to this plane. By having the axis-orbital plane permanently marked
on the patient, it is possible to make subsequent mountings of working casts,
restorations, or follow-up models with the assurance that, when the articulator
is reset from the record card, it will be exactly the same as when first set. Unless
the models were related to a plane of reference, the subsequent articulator set-
tings would be correct only by accident.

The axis-orbital plane is of tremendous help in diagnosis and treatment. The
inclination of the long axis of a tooth on a cast means something if the casts are
accurately oriented. If the axis-orbital plane is used properly, the correct plane
of occlusion may be established—and altered if necessary in order to improve
the articulation.

Plane of occlusion

The plane of occlusion is sometimes defined as an imaginary plane which
rests on the tips of the lower cuspids and the crests of the distobuccal cusps of
the lower second molars. It is convenient to use as a means of orienting the teeth
in the skull or the articulator.

In practical treatment involving natural teeth, there is a certain degree of
control over the plane of occlusion. By preparing the teeth and planning the
restorations, one can within certain limits raise or lower the plane of occlusion
in, say, the posterior region. The amount of change which can be imposed, of
course, is circumscribed by the position of the teeth and the relation of the
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Fig. 417. The relation of the plane of occlusion to the condyle path has an effect on the angu-
lation of the cusps required to maintain a simultaneous contact. The more parallel the plane
of occlusion is to the condyle path, the flatter will be the cusps.

pulps to the plane of occlusion. Sometimes it becomes necessary to sacrifice a
pulp or a tooth in order to obtain a better relation of the cusps in an articulation,
To a certain extent, then, the plane of occlusion is one of the factors of articula-
tion over which we can exert limited control.

In full denture construction, there is considerably more control over the
plane of occlusion. As the occlusal plane approaches parallelism with the condyle
path, the average cusp height decreases. The greater the angle between the
occlusal plane and the condyle path, the steeper are the cusps (Fig. 417).

Curve of Spee

The teeth are not set on the plane of occlusion, but rather on a curve—the
curve of Spee. Variations in the curve of Spee have an eflect on the relative
heights of the cusps to each other. In other words, for a given plane of occlu-
sion there is an average cusp height. Changes in the relative heights of the cusps
to each other can be brought about by changing the radius of the curve of
Spee—making the curve sharper or flatter (Figs. 418 and 419).

By judicious use of these two factors—the curve of Spee and its chord, the
plane of occlusion, a variety of cusp heights can be produced. The amount of
change possible in a restoration involving natural teeth is limited by the tooth
position and the relation of the pulps. In artificial dentitions, however, there is
considerable leeway.

What are some of the conditions which would dictate taking advantage of
these two practically controllable factors of articulation?

In a given patient there is a certain condylar inclination and curvature. (For
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Fig. 418. An abrupt (short radius) curve of Spee requires abnormally flat cusps posteriorly and
abnormally steep cusps anteriorly.

Fig. 419. A flat (longer radius) curve of Spee requires steep cusps posteriorly, which is not
a normal condition for a healthy mouth.

the purpose of simplification, we will not consider this example in the three
dimensions.) There is a given anterior guidance. This factor will be discussed
later, but for the present example let us say that the anterior guidance cannot
be altered. The teeth are positioned in a certain occlusal plane and with a par-
ticular curve of Spee. In other words, all the factors of articulation are fixed—the
condyle path, the anterior guidance (in this case), and the curve of Spee and its
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chord (the plane of occlusion). Planning a set of cusps that will produce a
satisfactory articulation is begun. Before the plan goes too far, it is discovered
that the cusps on the bicuspids are going to be excessively steep. Those in the
molar region are quite steep, too. Having assumed that the anterior guidance
cannot be changed, what is to be done? We know that the cusp relationship as
it is developing is not ideal.

By preparing the teeth—overpreparing the second bicuspid and first molar
of the upper and overbuilding the lower second bicuspid and first molar—we can
flatten the curve of Spee. This will alter the relative cusp heights of the teeth
in that there will be a more gradual change of cusp height from anterior to pos-
terior, Now by raising the plane of occlusion in the posterior region—shortening
the upper molar preparation and overbuilding the lower molar restoration—we
can decrease the average height of all the cusps. As a result of these two pro-
cedures, the curve of Spee has been flattened and the plane of occlusion raised in
the posterior region. There is now a more desirable cusp relationship—a more
normal relationship in which the cusps decrease in height as they go from anterior
to posterior. This effects a better relationship of the cusps to the supporting
structures,

Anterior guidance

Iun the patient just considered, there was another factor which could have been
used to some advantage, namely, the anterior guidance. This is the one factor of
articulation which has probably caused the most confusion, possibly because of
a misunderstanding of the incisal guide of an articulator. The incisal or anterior
guide of an articulator is merely a mechanical convenience which permits the
articulator to be moved without damaging the anterior teeth on a cast or with-
out knocking out the artificial teeth on a set of dentures while one is establishing
the articulation in the posterior region.

The anterior guidance, on the other hand, is the relationship of the anterior
teeth, i.e., the relation between the extent to which the upper teeth jut over the
lowers and the extent to which the upper teeth hang down over the lowers. In
other words, an angle is formed by the overjet and overlap of the upper anterior
teeth to the lower anterior teeth (Fig. 420). In the ideal arrangement of an artic-
ulation, the anterior guidance is a resultant of the posterior cusp arrangement.
That is to say that the amount of cusp rise of the postevior teeth produces or
requires a certain anterior guidance in order for the two segments of the articula-
tion to be harmonious. In actual practice the procedure is sometimes reversed,
and it is perhaps this fact that causes the confusion.

Frequently, the anterior teeth are not involved in a rehabilitation, or if they
are, they are usually treated last. We therefore arrive at a situation in which the
fixed factors of articulation are recorded and duplicated on an instrument. The
casts are properly related to these factors, and the restoration is analyzed or. its
construction is actually begun.
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Fig, 420. The effect of changing the anterior guidance. The cusp height is decreased from
back to front as the anterior guidance is reduced.

A certain anterior tooth relation is established and also, as the articulator is
moved into the various excursions, a certain posterior separation of the prepared
teeth. This, of course, is dictated primarily by the curvature and slant of the
condyle path. The relation of the anterior teeth causes either an increasing or a
decreasing separation as we go anteriorly in the posterior teeth. The angle of the
anterior guidance is responsible for this. It should be obvious that where there
is a very steep anterior guidance and a relatively steep condyle path, it will be
necessary to build excessively high steeples if a simultaneous contact of the tooth
surfaces is maintained throughout the excursions. It is known that the condyle
path is fixed and cannot be altered. The curve of Spee and the plane of occlusion
are used as much as possible to reduce the cusp heights. Then we turn to the
anterior guidance.

There are several ways in which one can take advantage of the mutability of
the anterior guidance. The interarch distance can be increased slightly, which
will have the effect of decreasing the anterior guidance and immediately reduc-
ing the cusp rise in the bicuspid region where it is usually excessive under these
given conditions. Or, if this change unduly increases the clinical crown so that
the crown-root ratio is unfavorable, one can then operate on the anterior teeth
50 as to reduce the anterior guidance without any increase in vertical dimension.
This may necessitate shortening the lower anterior teeth and preparing the
upper anterior teeth for veneer crowns.

By a combination, then, of all these factors—changing the anterior guidance
and altering the curve of Spee and the inclination of the occlusal plane—it is
usually possible to arrive at the best set of cusps for producing the most suitable
articulation for the restoration.
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Vertical dimension

Vertical dimension is another important factor of articulation about which
there has been considerable misunderstanding, In the hope of clarifying some
of the confusion swrounding the term, let us analyze in detail just exactly what
it is.

Vertical dimension may be defined as a measurement from a fixed maxillary
landmark to a fixed mandibular landmark when the teeth (natural or arti-
ficial ) have stopped the vertical jaw closure. The selection of the fixed land-
marks is of little concern and important only as a means for future comparisons.

An essential consideration of the tooth stop is the position of the lower
jaw (and teeth) when contact is made with the upper teeth. That is to say, the
contact may be in an eccentric relation, in which case some complications are
immediately introduced. It must be obvious that if a patient brings the teeth
together in a protrusive relationship, the vertical dimension will be different than
if he closes them in a centric occlusion interdigitation. Tt will also make a con-
siderable difference if, when he brings the teeth together in a centric occlusion
interdigitation, the mandible is not in centric relation. From this it can be seen
that some basis for an intelligent discussion of vertical dimension must be estab-
lished—some standard conditions must be set up.

As a beginning, let us consider vertical dimension with centric relation. Cen-
tric relation has been defined as the terminal hinge closure. If this terminal hinge
closure is stopped at a certain point in its arc of closure, this may be called ver-
tical dimension. Now we can speak about a certain degree of opening because
we are dealing with a movement that has a center—the hinge axis. In a normal
situation, then, the terminal hinge closure is stopped when the lower teeth con-
tact the upper teeth. This is vertical dimension.

Let us now correlate this with the treatment of a practical case—a full-mouth
reconstruction.

With very few exceptions, most mouths that require reconstruction are not in
centric relation. The first step is then to mount some study casts on an articulator
in centric relation. Examination of these mounted casts will tell us a great deal.
As the casts are brought together, observe how the teeth contact. Usually a
cusp will be the stop as the casts close on the arc of closure. The rest of the
teeth, including the anterior teeth, will be open to some degree. Sometimes this
degree of opening is astounding. Obviously, it is not desirable to make the
restorations to such a degree of opening; therefore, preparations are planned so
that the vertical dimension can be closed. By tooth preparation (cutting the
stone cast), it is possible to achieve a condition in which the anterior teeth have
a more normal relationship. Other factors must now be considered, such as the
proximity of the pulp, the crown-root ratio, and the amount of overlap and
overjet.

Let us now consider the reverse condition, i.e., a restoration in which there is
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a very deep overlap with very little overjet. Such restorations usually require an
increase in vertical dimension.

Again, with properly mounted master and study casts, the restorations are
planned. At first, it might seem necessary to build excessively steep cusps in
order to establish a correct articulation. This is not desirable. One might also
consider changing the anterior guidance by preparing the anterior teeth. Some-
times, however, this is not feasible because of pulpal involvements. The logical
approach is to increase the vertical dimension slightly since this will auto-
matically improve the anterior tooth relation, It may be necessary to combine
several factors. For example, in addition to a slight increase in the vertical di-
mension, some alteration of the anterior guidance and the moderately steep cusps
may be indicated.

In practical full-mouth rehabilitation, the problem is seldom one of having to
worry about increasing the vertical dimension. Usually the difficulty lies in
being able to prepare the teeth adequately so that the patient can close the jaws
sufficiently to allow the anterior teeth to function. The problem arises because
a certain amount of room is needed in specific areas to permit the cusps to con-
tact properly in centric relation, The malrelation of the teeth generally con-
tributes to this problem, for very often the required space must be created right
in the middle of a tooth, which is usually where the pulp is located. Why, it
may be asked, cannot the vertical dimension be increased in such patients?
Again, all the factors must be considered: the crown-root ratio, and the anterior
tooth function which must be established without having to create monstrously
large anterior teeth.

Up to now, rest position, interocclusal distance, and muscle length and
their relation to vertical dimension have not been mentioned. Let us consider
these one at a time.

Rest position. Rest position, “the position of the mandible when the jaws
are in rest relation,”® concerns us to the extent that we must not build restora-
. tions that would in any way interfere with it. When dealing with natural teeth,
this is hardly possible to do if good judgment is exercised with respect to such
factors as the crown-root ratio and the anterior guidance. With edentulous
patients, it is possible to encroach upon the rest position, but not for long!
Nature will not tolerate such violence and will reduce the supporting structures
until the rest position is recreated.

Interocclusal distance. It is difficult to separate rest position and interocclusal
distance (free-way space). The latter is the space between the teeth when the
mandible is in vest position. Again, as a practical matter, it is almost impos-
sible in dealing with natural teeth to eliminate the interocclusal distance so long
as good judgment is used with respect to the factors of articulation. An exception

From Academy of Denture Prosthetics: Glossary of Prosthodontic Terms, J. Pros. Den.
(Part 2) 10:33, 1960,
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Tig. 421. The mandible is opened a given degree (measured in the anterior region) around the
hinge axis. The degree of masseter muscle stretch is designated by the wedge made by the
broken lines.

Fig. 422. A possible rest position with the degree of opening in the anterior region is the
same as in Fig. 421, Compare the degree of muscle stretch as indicated by the broken lines.
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is the spastic or the clamper patient, in which case nothing can be done to
create or maintain an interocclusal distance.

Muscle length. Muscle length, of course, is one of the determining factors
of rest position and interocclusal distance. Again, it is hardly conceivable to have
to increase the vertical dimension to such an extent that the muscles would be
lengthened excessively, provided that the jaw is opened from centric rela-
tion and not from the rest position. Several diagrams will clarify this point.

In Fig. 421, the lower jaw is opened a given degree. The degree of opening
is measured in the region of the anterior teeth and indicated by dotted lines.
Note that this opening is produced by the hingelike action of the lower jaw and
has the hinge axis as its center. The degree of muscle stretch created is de-
picted by the wedge made by the dotted line across the masseter muscle,

In Fig. 422, the same degree of anterior separation is maintained, but the
mandible is allowed to assume what might be a rest position. Note now the
extent of stretch in the fibers of the masseter muscle. Remember that the an-
terior opening is identical to that in Fig. 421. If this relationship is accepted as
centric relation and the vertical dimension is then increased, it is conceivable
that too great a vertical dimension is being established.

Let us assume that the conditions of Fig. 422 have been changed by decreasing
the vertical dimension, and the condition in Fig. 423 has resulted. The anterior
teeth are in contact, but there is a space between the posterior teeth., This is
easily arrvived at by recording a physiological rest position, as some men advocate,

Fig. 423. The vertical dimension has been decreased from the rest position until the anterior
teeth contact.
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Fig. 424. Restorations are constructed for this condition to balance the bite.

Fig. 425. The result when the patient attempts to function with these restorations.

and then decreasing (or increasing) the vertical dimension until the anterior
teeth are in the desired relationship to each other.
If, in Fig. 423, the decision were made to construct onlays to “balance,”
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“open,” or do “something” to the “bite,” the condition shown in Fig. 424 would
result,

However, if the patient tried to function with these restorations, the result
would very likely be the condition shown in Fig. 425. This may be exaggerated
for the purpose of illustration, but remember that a discrepancy of 1/1,0