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Preface

To write a book on clinical and laboratory
procedures in mouth rehabilitation calls for at
least a clinical familiarity with most established
concepts in this particular field. Experience with
only one concept is not enough to evaluate prop-
erly the good or bad of the other concepts of
mouth rehabilitation. I have been most fortunate
to have had the opportunity to be exposed to
these various philosophies long enough and to
have treated and completed a sufficient number
of cases in each of these disciplines so that re-
sults could be evaluated properly; that is, how
did restorations function, how were they ac-
cepted by the oral tissues, what was their lon-
gevity, and so forth. It is true that clinical evalu-
ation, which can be nothing more than opinion,
can have no justification for support without con-
trols and therefore is not scientific. However, I
have been able to apply the knowledge accumu-
lated over the years, and there is no substitute
for experience and mature clinical judgment.

Although some areas of the book will deal
with certain specific techniques and materials
used in restoring teeth with cast restorations, a
primary objective in this book is to emphasize
fundamental principles that are the basis for the
application of any technique or material. Since
it is not feasible to assume that all readers are
familiar with the techniques, in a way one should
“be in performing this type of work with so-

called routine crown and bridge prosthodontics,
details of these procedures have been included.
It is advisable to learn the fundamental prin-
ciples that enable us to introduce change, es-
pecially when function dictates deviation. A

knowledge of anatomy, physiology, periodontics,
orthodontics, and endodontics is essential to a
full understanding of the problems of full-mouth
treatment. Laboratory procedures must be un-
derstood (by having done them) to control the
laboratory situation. Control does not mean only
the date of delivery of the restoration, but also
the knowledge to recognize whether all steps
have been executed correctly and, if not so exe-
cuted, to be able to detect the flaws and suggest
or make necessary corrections.

Too much energy and effort is extravagantly
wasted in futile attempts to seek an easier,
quicker solution to a problem. Such an easy,
single solution to a full-mouth rehabilitation is
not always available, but there must be a logical,
sound, clinically proved (at least) method with
sequential procedures to allow for an end result
commensurate with our present knowledge of
the basic sciences and advanced dental technol-
ogy. :
There is nothing easy about restoring the
oral mechanism to proper form and function.
Procedural methods and instruments that appear
at first to be difficult to understand and apply
are not difficult if one is willing to give thought,
effort, and time to their use. Shouldn't this really
be part of a professional man’s obligation to him-
self and his patients?

To rehabilitate the mouth to proper function
and effectiveness it is believed that the principles
of gnathology are sound for clinical purposes,
even if not completely proved scientifically. The
function of the temporomandibular joint, a major
and unalterable factor in diagnosis, treatment
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planning, and therapy, gives us the information
as to condylar guidance. It is necessary to com-
prehend the fixed biologic factors, as well as
those subject to change by the dentist, that are
involved in the occlusion of the teeth. The cusps,
ridges, grooves, and fossae of the teeth that will
function properly in any given mouth are the re-
sult of these fixed and variable factors. It is our
job and responsibility to record them and to
make restorations accordingly, if the restora-
tions are to be successful.

1 believe that one should be at the same time
a believer and a skeptic and always keep in mind
that, as scientific and technologic advances are
made, resistance to change cannot be tolerated.
Greatly increased research in the basic sciences
and in clinical practice is providing the dentist
with new approaches to old problems in diag-
nosis, treatment planning, and therapy. The prac-
titioner should preserve the best of the old, but
should try new ideas and apply current research
to the treatment of the patient.

A word should be said about the format of
the book. Its ‘main purpose is to convey to the
reader the chair and laboratory procedures en-

countered in this type of work. This is done not
only by the narrative method but also by liberal
use of illustrations. In some instances they are
presented in detailed step-by-step sequences de-
signed to illustrate a particular procedure. Photo-
graphs and roentgenograms of case histories are
submitted as clinical evidence of the feasibility
and applicability of the selected technique with
which it is possible to achieve consistent, positive
results that are long lasting and beneficial to the
patient. The scope and needs of general clinical
dental practice have been seriously considered.

Chapter 15 on emotional aspects of extended
restorative procedures is very important in full-
mouth treatment. Without a good working
knowledge and understanding of this subject
life can become miserable for both the patient
and the dentist, and the end result of treatment,
however well executed, will come to naught. A
few case histories are included in this chapter.

Human life has only such ends as we set up
for it, individually and collectively, and these
are dependent on good health, on joy in our
work, and on an intelligent appreciation of the
durable values of life. :
Max Kornfeld
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Chapter 1

My philosophy of practice

As I seriously considered the subject of mouth
rehabiljtation I vividly recalled the many conver-
sations that I had with my father during my early
youth and adolescence which have helped me so
much in the development of my philosophy of
practice.

He stressed the importance of humility—the
ability to really feel and to practice it. He taught
me to assume responsibilities without complaint,
to be patient, conscientious, understanding, and
sincere, and to never compromise for second best
if one’s capabilities and knowledge point toward
the best. He felt that to realize independence
one must be a creative man. One must be stimu-
lated to independent learning, to be a continuous
student, and to work hard to keep out in front,
accomplishing this without harm to, or disrespect
for, your fellowman.

In other words, what he truly wanted me to
know is that through study, reflection, and the
development of interests in the arts, sciences, and
humanities, I would develop into a good citizen,
would be self-sufficient and feel worthy, and
thereby would do a good job at anything that I
undertook. He urged the widest development
possible and, above all, the broadening of my
intellectual horizons. He always stressed the fact
that success was not always measured in material
worth, but rather in self-expression and personal
excellence.

This was a lot of philosophizing, and I have
sincerely tried to follow his advice. Being some-
what self-effacing, I leave how successful I have
been for others to judge. But wholeheartedly I

can advise my friends and colleagues to do their
best to measure up to these human factors.

Percy Phillips has aptly said: “To fulfill its
responsibilities to society and to survive as a pro-
fession, dentistry must call on all its priceless
ingredients—honesty, integrity, professional in-
dependence, maintenance of the high quality of
dental service, continuing study, expansion of
dental research, the clinical application of the
findings of research, and observance of our code

" of ethics.”™

It does not take very much imagination to
know that these basic ingredients are the heart
and soul of the practice of dentistry and must be
taken seriously. In fact, we must live and practice
by them.

Today’s changing socioeconomic conditions
present many perplexing problems and, with
them, responsibilities. In dentistry we must as-
sume these responsibilities in relationship to our-
selves, to our colleagues, and to our public.

Our patients are only interested in a longer
and healthier life. For our profession to exist as a
private enterprise we must have moral and pro-
fessional responsibility. We must start to think
positively and to do something about solving
these socioeconomic problems that face us today.
Otherwise, instead of our own efforts and initia-
tive, some governmental agency will solve these
problems for us.

In my travels around the country attending

*From Phillips, Percy T.: The priceless ingredients of
our profession, J.A.D.A. 60:282-284, 1960.
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meetings and conferences, giving lectures and
clinics, and studying with individuals and groups,
I am appalled at the apathy and ignorance of
many men in our profession, especially as to the
scientific and technical advances in dentistry. I
am really concerned because ours is a most noble
and honorable profession rendering a service of
great physiologic and psychologic value,

My creed always has been to be a perpetual
student, to perfect myself in the latest proved
techniques, and to conduct, study, and apply
basic and clinical research in my practice. I have
never been interested in any narrow individual
aggrandizement or the development or pushing
of one’s own narrow ideas. Also I have felt the
necessity to know myself, my inner drives, moti-
vations, etc. so that I could have the ability to
understand the peculiarities of people whom
I am called upon to serve, turning their oddi-
ties into an asset of goodwill. Since it is always
necessary to deal with the human equation, an
intimate knowledge of the varying temperaments
of people is very important for application in
practice. By developing myself to the best of my
abilities along cultural and professional lines,
and by being able to have more rapport with
patients, I am able to fullfill the aforementioned
basic ingredients of our profession and also to
help my patients to a longer and healthier life.
One must be a teacher and a friend as well as a
good technician.

Another cardinal factor in conducting a den-
tal practice is that of the most scrupulous and
constant cleanliness.

I am known as a perfectionist, but by know-
ing myself, my drives and motivations, I can af-
ford to be a perfectionist without injury to my
soma or psyche and thereby be of beneficial help
to my patients.

It is argued that more and more dental ser-
vices for more people are needed and that there
should be more personnel and better trained
personnel who are legally able to render services
to the patient. It is true that more dental services
for more people are needed, but only well-trained
dentists should do any operative or restorative
work for the patient regardless of the nature of
the operation. The inherent dangers of the legal-
izing of auxiliary help is great. Following the
specific duties that are indicated by the nature
of her training, the dental hygienist is the only
exception to this rule. Delegation of authority to

legalized auxiliary help, even types of procedures
considered somewhat simple, can get out of hand,
and many operations that are not in their realm
of authority will be performed with or without
the consent of the dentist.

Ausxiliary personnel are of the utmost impor-
tance in a busy dental practice, but their func-
tions must not include any operative procedures
in the mouth.

The dentist must be knowledgable, and he
must learn to be efficient and skillful. By so
doing he will become more productive. A prof-
itable dental practice cannot be conducted with-
out making the minutes count, and truthfully
there is altogether too much waste motion in the
average practice. The basis of time conservation

is efficiency and precision of technique and also

the training and experience to know precisely
what to do and the most expeditious manner of
doing it. We must follow the old adage “plan
your work, and then work your plan.” And, above
all, we always must remember that patients must
be taught a greater respect for the value of den-
tal services, and they will never be taught this
until dentists assume a greater respect for their
own service. We must always keep in mind the
quality, not the quantity of our services.

Although the business side of dentistry is very
important, professional competence must come
first. The selling of dental services in the same
manner that is used in Madison Avenue advertis-
ing cannot be condoned—it is deplorable. The
new fad of “time and motion” has a lot of merit,
provided this form of automation is not carried
to the extreme that the dentist and his staff be-
come some kind of a machine or automaton. We
must not sacrifice any of the fine details of oper-
ative procedures and even of remakes when in-
dicated because of the factor of time. It is not
necessary to constantly want to make our gross
income larger and larger since the net return
because of the higher percentage of overhead
costs does not warrant an ulcer, a coronary, or an
anxiety neurosis.

Before any professional man can exact a just
fee for his services he must first have the con-
viction in his own mind that his training warrants
this fee.

A certain amount of confidence is necessary,
but overconfidence is fatal. One must have hu-
mility—must be able to say “I don’t know,” when
necessary, or “I would like for you to consult



with Dr. X who has had more training or exper-
ience in this or that type of work.” The greatest
majority of dentists seem to be reluctant to ad-
mit these facts, but until this is done we will not
reach the true status of professional men.

We must not have narrowness of vision and
always must be willing to experiment with new
ideas and new equipment. A willingness to listen
and to have an open mind and a keen apprecia-
tion of the other fellow’s ideas and beliefs is also
worthy of consideration.

We must attend dental meetings regularly.
We must take graduate and postgraduate courses
and read the dental literature—and, in fact, be an
avid reader and a continuous student. We must
serve organized dentistry in whatever capacity
we can. Service and consideration of the patient
must be a guiding principle. We must fight legis-
lation that endangers the health of the public.

All of us—practitioners and dental educators—
must make a determined effort to attract many
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more of the dedicated type of student who is
being lost to the engineering profession, to re-
search, and to public service. We have been ac-
cused of attracting more of the business type of
person.

To be successful professional men in the true
sense, we must make at least a limited study of
affairs outside our profession and be able to dis-
cuss intelligently some of the important issues of
national and international policies. We must par-
ticipate in community affairs and have an interest
in the arts.

We must surely take cognizance of the need
of accumulating material worth, but this, in itself,
does not necessarily mean success or happiness.
We must involve ourselves in a type of develop-
ment that will give us a breadth of vision and in
the culture, ethics, and morals that will not over-
look the finer aspirations of life. A successful
dentist must be more than a fine operator.



Chapter 2

Diagnosis and treatment

planning

Diagnosis
GENERAL CONSIDERATIONS

To treat the dental patient completely a
thorough oral diagnosis is the first order of busi-
ness. A thorough examination of the patient and
an evaluation of all available data are the essen-
tial elements necessary for comprehensive diag-
nosis and treatment planning, and they determine
the success or failure of extensive restorative pro-
cedures. In other words, the most meticulous
techniques may fail if the case is not correctly
diagnosed and is not properly planned.

It is necessary to make a detailed study of
the physiologic and pathologic conditions of the
masticatory mechanism to determine how, if
necessary, to intercept any pathologic processes
or to eliminate conditions conducive to disease or
injury. By so doing, a plan of treatment can then
be instituted, which, incidentally, can be success-
ful only if the diagnosis is correct.

Diagnostic data is obtained by (1) visual and
digital examination of the oral cavity and associ-
ated structures, (2) medical and dental histories,
(3) a complete series of roentgenograms, and
(4) properly oriented casts on an adjustable ar-
ticulator.

The data obtained by these means must be
all-inclusive and detailed both in observation and
in recording because with this information the
dentist may proceed to definitive treatment plan-
ning and therapy. No dental service can be of
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value unless the entire mouth is studied and
treated as an integral unit.

Consideration of the total personality makeup
of the patient is also essential, especially if mouth
rehabilitation procedures are being considered,
because of the possibility of a psychotherapeutic
component, the importance of which must never
be overlooked.

DIAGNOSTIC PROCEDURES
Medical and dental history

The first appointment with a new patient
should consist of what may be designated as the
interview and preliminary examination. The chief
complaint, if any, is ascertained, and the asking
of questions pertaining to the medical and den-
tal histories brings to the fore, among other
things, the mood, manner, and anxiety of the
patient. Close observation of the patient at this
time points up the chances of rapport between
the involved individuals and also any semblance
of the presence of psychogenic factors. During
the interview it is usually possible to determine

~ if the patient’s teeth are really important to him,

if he is willing to undergo extensive therapeutic
treatment, if he desires to devote sufficient time
in home care, and if he is willing and able to
spend the time and money for this type of treat-
ment. A history of any unusual reactions to local
anesthetics or medicaments of any kind should be
obtained at this time.

If a complete medical history is available,



many unfortunate situations can be prevented.
Oral manifestations of systemic diseases—aller-
gies, metabolic disturbances, nutritional disturb-
ances, blood dyscrasias, and many others—may
be insiduous factors often overlooked as the rea-
son for prosthodontic failures. The oral cavity is
an accurate mirror of systemic health or disease.
Do not overlook the fact that many a beautiful

and well-executed biomechanical dental result

has not maintained itself because of failure to
obtain a good medical history. Such history
should include the patient’s age, occupation, drug
intake, information concerning cardiovascular
diseases, blood dyscrasias, bleeding time, nutri-
tional or metabolic disturbances, endocrine dys-
function, pain in or around the face, head, and
neck, if any, history of a neurosis or psychosis,
and other pertinent information. Question the
patient concerning systemic conditions that
might affect the mouth or his ability to respond
well to dental procedures. The type of diet is and
always will be of such importance that it cannot
be overlooked. This detailed, general health his-
tory allows one to ascertain possible correlations
that may exist between oral symptoms and a
medical problem. Consultation with the patient’s
physician is the best source of the desired in-
formation.

Several well-worded questions will bring out
(1) possible reasons for excessive attrition of the
teeth, if present, or parafunctions such as brux-
ism, clenching, picking on teeth, tongue, lip, or
cheek biting, and chewing on foreign objects,
(2) success or failure of past dental restorations,
(3) feelings about former dentists, (4) acute or
chronic infections about the mouth, and (5) pro-
fessional and home-care oral hygiene procedures.
A detailed history of the patient’s dental and
periodontal complaints are recorded.

Oral examination

If the patient is desirable from the therapist’s
viewpoint or amenable to treatment, the oral
examination is now undertaken. The dental and
oral tissues are examined visually and digitally.
A meticulous scrutiny of the oral tissues by in-
spection and palpation is very important. Make
a study of the oral mucosa, which includes the
soft tissues immediately adjacent to the teeth and
the tissues remote from the teeth. Unusually large
freni and tori are recorded since they can influ-
ence appliance design. Aberrant manifestations
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such as deviations from normal gingival form,
color, and pocket depth and fistulas or neoplasms
are important findings. Dentists must be stimu-
lated to observe oral lesions so that a greater
number of patients with early symptoms of oral
cancer will be guided toward accurate pathologic
diagnosis and specific early treatment. Every ef-
fort should be made to detect oral neoplasms
long before subjective symptoms appear. Any
departures from the normal in this area should
be referred to the physician for definitive diag-
nosis.

Transillumination is a fine adjunct in the oral
examination (Fig. 2-1). It consists of the passage
of light through tissues by interposing the object
to be examined between the light source and the
examiner,

R
Fig. 2-1. Transillumination—an adjunct in  oral
examination.

Fig. 2-2. Calibrated periodontal probe for mea-
surement of pocket depth,
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Examination of the gingival tissues requires
detailed inspection and probing to determine its
health status. Be alert to changes in gingival
color, texture, and form. The calibrated perio-
dontal probe for measurement of pocket depth is
an important tool in our armamentarium (Fig.
2-2). The depths of all periodontal pockets are
measured with this millimeter probe and are re-
corded. Detection of bifurcation and trifurcation
involvements are also noted. The periodontal
condition also must be studied in relation to the
function of the mouth.

Observe and evaluate the following:

1. Swallowing pattern—whether it is a closed
or open one. It ideally occurs with even
distribution of pressure and maximum in-
terdigitation of cusps with the condyles
in their terminal hinge position. If this
pattern does not occur, perverted move-
ments are precipitated.

2. Chewing habits—whether unilateral or bi-

lateral.

Diastemas and migrations.

Physiologic rest position.

Free-way space (distance between occlu-
sal and rest vertical dimension).

YUk 0o

Laboratory tests

Specific additional clinical or laboratory pro-
cedures should be performed, when indicated,
These may include urinalysis, blood chemistry,
and bacteriologic and pathologic examinations.
At times it has been advisable in advanced perio-
dontal disease to secure complete blood count,
blood calcium, blood phosphorus, alkaline phos-
phatase, sugar tolerance test, and urinalysis.

Examination of hard tissues

Next examine and record the condition of the
hard tissues. The skillful use of the mirror and
explorer point should not be overlooked. Note
any malformations of the teeth, missing teeth,
and edentulous areas. Also note suspectibility to
caries and character of dental work in the mouth,
carefully observing marginal fit, contact areas or
loss of proximal tooth contacts, form, and func-
tion. A dietary survey may be essential in patients
who have had extensive caries; the results will
determine the need for dietary correction. Ob-
serve if there is any unusual amount of sensitivity
to hot or cold. Any temporomandibular joint dis-
turbances causing soreness, clicking, or “popping”

in the region of the joint should be investigated
carefully and thoroughly. Observe presence or
absence of inhibited mandibular movements that
may be caused by degenerative or inflammatory
changes in the temporomandibular joints.

Tests are made for pulp vitality, either by
means of an electric pulp tester such as the
Vitalometer® or by thermal tests making use of
a pointed piece of ice. Percussion or tapping is
used to gain valuable diagnostic data, and it may
show pulpal involvement. In many instances it
is necessary to make a differential diagnosis be-
tween causes originating in the pulp and those
emanating from severe inflammatory periodontal
lesions.

A record of tooth mobility is of great impor-
tance in diagnosis as well as in observation of
the progress of treatment. Carefully test the
mobility pattern of teeth in all directions and
record degrees of mobility such as 1, 2, or 3 de-
grees (some skilled clinicians use half degrees
for a more accurate evaluation of mobility ). The
operator should do it instrumentally rather than
with the fingers.

A mobility of 1 degree means that the tooth
is just barely movable. Its most facial position is
about 1 mm. from its most lingual position when
it is rocked from the labial or buccal side to the
lingual side with the instrument. Two degrees
means that the tooth has a 2 mm. range of move-
ment and that it must be considered a problem
tooth. Three degrees means that the tooth has a
3 mm. range of movement and carries with it the
connotation that the tooth is very loose.

Observe the presence or absence of simul-
taneous, even contact of the teeth in terminal
hinge closure. Look for premature contacts when
guiding the patient into terminal hinge closure.

Evaluation of nonfunctional movements

Observation and evaluation of tensional or
pernicious habits, if present, is of the utmost im-
portance in making a diagnosis and in evaluating
the treatment plan. Patients under emotional
stress clench and grind their teeth for hours at
night and some even carry out this damaging
habit during the day. When it is practiced during
their sleeping hours, they awaken in the morn-
ing with soreness of the teeth and the masticatory
muscles.

*Burton Medi-Quip Co., Van Nuys, Calif,



Fig.
2-3

Besides the patient exhibiting these grinding
and gnashing habits, there is the patient who
develops biting habits. Tongue, lip and cheek
biting, biting on fingernails, and foreign objects
such as bobby pins, toothpicks, and pipes are
common to this type of patient.

Such habits (nonfunctional movements) as
just mentioned may transmit light or heavy pres-
sures, depending on the hardness or softness of
the intermediate object, but the constant applica-
tion of these forces can and do cause migration
of the teeth, temporomandibular joint difficulties,
and periodontal destruction.

Other habits such as mouth breathing and
tongue thrust warrant close observation.!

Mouth breathing may be caused by inade-
quate nasal passageways, which need the atten-
tion of the E.N.T. (ear, nose, and throat) phy-
sician, or it may be because of habit, which may
have a psychologic component.
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Tongue thrusting is the child’s way of using
the tongue as a nipple and of sucking on the
tongue. This leads to abnormal swallowing
habits.

In normal swallowing the teeth are brought
together in centric relation, and the tongue is
pressed against the palate in the area of the an-
terior palatine papilla. In abnormal swallowing
the tongue places heavy pressure on the anterior
teeth or may even be forced between them, caus-
ing an open-bite condition in this ared. Myofunc-
tional therapy methods may be used to tieat
these patients, but this type of condition calls for
a bad prognosis.

Photographs

Black and white or color photographs should
be taken to document the preoperative and post-
operative conditions (Figs. 2-3 to 2-7).

Figs. 2-3 to 2-5. Preoperative centric relation views.

Fig.
2-4
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Fig. 2-6. Preoperative occlusal views of upper and lower teeth.

S
.

e

Fig. 2-7. A, Postoperative centric relation view. B and C, Postoperative occlusal views
of lower (B) and upper (C) teeth.



Roentgenographic examination

A complete set of roentgenograms, including
bite-wings, are taken at the first appointment,
and, although this procedure is an adjunct to
diagnosis, it must not supplant it. Roentgeno-
grams help in recognizing pathologic conditions,
which must be either removed or restored to a
state of health capable of supporting normal
function. '

The roentgenograms must be good from a di-
agnostic as well as a photographic standpoint
(Fig. 2-8). In the roentgenograms the teeth
should never be elongated or foreshortened, and
they should be clear, well angulated, and prop-
erly processed. ‘

They must be studied and related to the pa-
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tient being examined because they are meaning-
less unless correlated to the clinical findings in
the oral cavity. Observe carefully if any destruc-
tion has accrued in the area that receives the
force in the form of a rebound from prematuri-
ties which prevent the occurrence of a normal
path of closure of the mandible. The following
information will be revealed:

' Extent of carious lesions

Type and amount of alveolar bone
Presence or absence of apical infection
Furcation involvements

Root resorptions or appositions

Size, shape, and position of the roots
Condition of the supporting structures of
the teeth

MO U 0010

Fig. 2-8. Good roentgenograms from a diagnostic and photographic viewpoint.
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Fig. 2-8, cont’d. For legend see previous page.

8. Impactions and retained roots
9. Cysts and granulomas
10. Status of any endodontically treated teeth
11. Ratio of remaining alveolar bone to the
length and width of the roots; stress-
bearing ability of the periodontium
12. Crown-root ratio
13. Conditions of the coronal portion of the
teeth
14. Pulps of the teeth
15. Periodontal ligament space
16. Lamina dura
17. Vertical bone loss ,
The bite-wing roentgenograms provide much
needed information relative to carious lesions

and the proximity of these lesions and of old
restorations to the pulp, the gingival marginal
fit of restorations, and often the crestal bone in-
volvement attending periodontal inflammation.
Since the basis for therapy is a comprehen-
sive diagnosis established on the accumulation
and the evaluation of all pertinent information,
complete roentgenographic documentation is an
essential part of this information. This docu-
mentation is important, preoperatively and post-
operatively (every year or two), for evaluation
of whether our diagnostic, treatment planning,
and therapeutic techniques are adequate to re-
store functional requirements within the meta-
bolic activity of the bone for the patient. Will



his stomatognathic system be relatively immune
to disease or will there be a return of pathology?

Cast orientation

The proper use of study casts in diagnosis and
treatment planning is of the utmost importance
in the evaluation of the patient’s occlusion and
also in the determination of necessary occlusal
changes, if any.

For a functional diagnosis casts must be
mounted on an adjustable articulator with some
semblance of order. Unmounted casts are of
limited value because they may reveal centric
occlusion, but not centric relation, and because
tooth contacts in working and balancing positions
cannot be determined. This points up the impor-
tance of a careful mounting of the patient’s den-
tal casts on an instrument that copies his mandib-
ular movements so that a diagnosis of the func-
tional relations may be made by studying them
in connection with clinical findings and roent-
genograms.

Mounted casts on an articulator must repro-
duce proper mouth relations to reproduce the
correct movements of the mandible. Stallard
aptly said, “What should be expected of an ar-
ticulator is the individual expression of the con-
dylar movements of a patient, something that
may differ from all other patients.”™ In other
words, we must refer to the controlling mandib-
ular axes, and only by so doing can diagnostic
models be of any value in arriving at a diagnosis
and correct plan of treatment.

Impressions and casts

In cast orientation accurate study casts of the
patient’s mouth should be made from well-taken
impressions making use of an elastic impression
material such as alginate, hydrocolloid, silicone,
or rubber base. This type of an impression should
be poured immediately for accuracy, using a
hard artificial stone. (See Fig. 2-9.)

If possible, two sets of impressions are taken
to provide the following:

1. A set of preoperative casts for the study of

occlusal relations for diagnosis, treatment
planning, and method of therapy. This set

*From Contino, R. M., and Stallard, Harvey: Instru-
ments essential for obtaining data needed in making a
functional diagnosis of the human mouth, J. Prosth.
Dent. 7:66-77, 1957, '
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should be preserved as a permanent pre-
operative record for future documenta-
tion. ‘

2. A set for the construction of clutches,
which are necessary in the location of the
hinge axis and in the recording of a three-
dimensional pantographic tracing of the
controlling mandibular axes. ‘

3. A set for preoperative study—for the deter-
mination of types of tooth preparations,
and location and amount of tooth struc-
ture to remove and for the development of
the articulation in wax, which is required
to properly restore the patient’s mouth to
good function.

However, with great care, a second and third
set of casts can be poured from the original im-
pression when alignate material has been used.
Be very careful in the removal of the first or
second set of casts so that tears and distortion
are avoided.

Fig. 2-9. Preoperative study casts made from al-
ginate impressions. :
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Fig. 2-10. Location of arbitrary axis points, making
use of Ritchey pencil.

Fig. 2-11. Location of arbitrary axis points and of
third reference point on nose by means of millimeter
rule.

Fig. 2-12. Face-bow transfer for orientation of
upper cast on articulator to same plane of occlusion
as found in mouth.

Face-bow transfer

In addition, a conventional face-bow mount-
ing and a centric relation record for mounting
the study casts in a fairly accurate relationship to
each other must be taken. The face-bow transfer
is taken so that the upper cast on the adjustable
articulator can be oriented to the same plane
of occlusion as is found in the patient’s mouth.
A simple method for locating the arbitrary axis
points is to locate the ala-tragus line on both
sides of the face and, making use of a Ritchey
pencil or flexible millimeter rule, to mark a
point 13 mm. from the tragus (Figs. 2-10 and
2-11). To use the face-bow transfer properly we
must have a third reference point to establish a
plane of reference, the axis-orbital plane. This
third point is marked on the right side of the nose
at a distance 2% inches from the incisal edge of
a central incisor tooth or by locating the inferior
border of the orbit on the right side and, for
convenience, recording a mark on the same plane
on the side of the nose. (See Fig. 2-12.)

Centric relation record

The next order of business in this preliminary
diagnostic procedure in cast orientation is the
conditioning of the patient for a centric relation
record. This conditioning can be done by means
of a Cohen trainer or the use of some form of an-
terior resistance, which tends to overcome the
translating contractions of the external pterygoid
muscle (Fig. 2-13).

The centric relation record must be registered
at an increased vertical dimension (within the
limits of pure rotation of the condyles) so that
the guidance provided by the teeth is removed.



Some form of anterior resistance must be pro-
vided. This resistance tends to act as a fulcrum,
which aids in obtaining a registration of the con-
dyles in the posterior and superior positions—
rearmost, uppermost, and midmost.

In all preliminary diagnostic procedures a
wax form (made with Sure-Set wax®) is accur-
ately adapted to the occlusal surfaces of the
upper cast (which has been lubricated) and
down the facial and lingual surfaces to the height
of contour of the teeth. This makes a wax form
that can be seated firmly and definitely on the
upper teeth (Fig. 2-14). Use is then made of

*Kerr Mfg. Co., Detroit, Mich.

Fig. 2-13. A, Cohen trainer. B, Cohen ftrainer left
on patient for five to ten minutes to prevent pro-
truding of jaw.
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a piece of “air chamber metal”™ It provides
the anterior resistance and acts as a fulcrum,
thereby preventing penetration of the wax by
the teeth and interference from habit patterns
and also allowing for enough clearance in the
posterior region for the recording material.
Breaking the reflex pattern of closure will permit
a normal closure. Only a few lower anterior
teeth contact this piece of air chamber metal.
(See Fig. 2-15.)

During the exact positioning and adjustment
of the metal form to the wax form for proper
contact with a few lower teeth and posterior

*Dixon Mfg. Co., Newark, N. J.

Fig. 2-14. Prepared wax form and “air chamber
metal” form. This form can be definitely seated on
upper teeth, and with provision made for anterior
resistance to act as a fulcrum, it serves well as a pre-
liminary interocclusal record.
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Fig. 2-15. Completed preliminary centric relation

record.

Fig. 2-16. Use of right thumb on chin to guide pa-
tient into terminal hinge closure.

clearance for the recording material, the pa-
tient is not allowed to bring his teeth together
to keep blocking out the proprioceptive reflex. A
saliva ejector is inserted into the mouth every
time the wax form is removed for adjustment of
the metal form.

Use is made of a soft wax, Aluwax,* for the
recording of shallow occlusal indentations. With
the softened Aluwax on the underside the well-
adapted wax form is seated on the upper teeth
and is held in place with the left thumb and
forefinger. With the right thumb on the patient’s
chin the operator guides the patient into the ter-
minal hinge closure (Fig. 2-16). The mandible
is guided, not pushed or forced, into repeated
closures. The wax record is removed and placed
in cool water. The excess wax is removed with a
Bard-Parker’ knife, leaving only the cusp tip in-
dentations so that the cast may be accurately

*Hickok Specialties Co., Grand Rapids, Mich.
tBard-Parker Co., Danbury, Conn.

Fig. 2-17. A, Upper cast prepared for split-cast
method. B, Upper cast being readied for mounting
to upper frame of articulator. C, Upper cast mounted
to upper bow of articulator.

seated when the mounting is made. This wax
record is again seated on the upper teeth, and
the patient closes the mouth once again. The
operator guides the mandible to position to
eliminate any warpage that may have resulted
from the chilling in cool water or from the trim-
ming of the excess wax. If no distortion can be
detected on closure, the record is accepted. Two
other centric relation records are taken to check
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" Fig. 2-18. Articulator inverted, centric relation record positioned, and lower cast

then attached to lower bow of articulator.

the accuracy of the records by checking one
record against the other, making use of the Laur-
itzen split-cast method (for detailed accounts of
technique see Chapters 3 and 13).

Mounting the casts on articulator

The upper cast, which has been prepared for
the split-cast method, is mounted on an adjust-
able articulator with the face-bow transfer
record (Fig. 2-17). After this step has been com-
pleted the articulator is inverted on a mounting
block, and the centric relation record is placed
on the occlusal surface of the upper cast. Then
the lower cast is placed on the centric relation
record, and held firmly in this record and against
the upper cast, and attached by means of a
stone, with a low setting expansion, to the lower
bow of the articulator. The upper and lower
members of the articulator must be in centric
relation. (See Figs. 2-18 and 2-19.)

The second and third centric relation records
are verified by separating the grooved upper pri-
mary base cast from the secondary base cast,
which is attached to the upper member of the
articulator, placing the primary base cast into
the second or third record, which is carefully
held in position, and closing the secondary base
cast against and into the primary base cast. If
the secondary base fits accurately into the pri-
mary base and no discrepancies are visible, the
- centric relation records have been proved to be

Sy g N -
Fig. 2-19. Verification of centric relation records:
separation of grooved upper primary base cast from
secondary base cast, which is attached to upper bow
of articulator.

correct, and the casts are correctly mounted in
terminal hinge relation. (See Figs. 2-20 and 2-21.)

In this type of cast orientation, where an ar-
bitrary axis has been located for preliminary
study of occlusal relations and the construction
of clutches for the recording and the transferring
of mandibular relations, some discrepancies will
result. However, the discipline that is required
in the making of -a hinge-bow transfer, centric
relation records, and mounting procedures by the
split-cast method will be very helpful in the
steps that are to follow. (See Figs. 2-22 to 2-28.)
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Fig. 2-20. Verification of ceniric relation records completed: secondary base fits ac-
curately into primary base; no discrepancies are visible.

Fig. 2-21. A, Mounted casts in centric relatic., anterior view. B, Mounted casts in
centric relation, right posterior view. ‘
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Fig. Fig.
2-22 2-23

Figs. 2-22 to 2-24. Cast orienfation on arbitrary axis for preliminary study of occlusal
relations, construction

of clutches, and preoperative wax-up.

o . v

Fig. 2-25. Diagnostic casts correctly oriented on ad-
justable articulator revealing initial occlusal contacts.

Fig. 2-26. Diagno
occlusal contact (acquired centric occlusion) by dis-

placement of condyle forward (see Figs. 2-27 and
2-28).
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Fig. 2-27

Fig. 2-28

Figs. 2-27 and 2-28. A, The condyle (ball) when teeth are occluded in centric oc-
clusion. B, The condyle (ball) pulled forward to allow meshing of occlusal surfaces out

of centric relation.

Recording and transferring of mandibular
relations

Importance of mandibular relation. Function
is the prime object of restorative dentistry. The
proper care and treatment of the oral organ
should be the concern of all practitioners of
dentistry, and of necessity this requires a knowl-

_edge of the form and function of this organ—its
parts, how it can be, at least figuratively, taken
apart and put back together, how it is made,
and how it works in health and disease. In other
words, a complete knowledge and understanding
of the anatomy and physiology of this most im-
portant organ is a “must.”

The accurate recording and transferring of
mandibular relations is possible now, provided
certain principles are understood and executed
carefully.

The ability to treat and save mouths is di-
rectly related to the ability to capture and trans-
fer jaw function to the restoration.

Although I am thoroughly in accord with the
modern concept of periodontics, I also firmly be-
lieve that complete pocket elimination, as im-
portant as it is, comes to naught if stability in
function is not attained.

We must concern ourselves with a center
that can be easily located and useful for our



procedures—a center that will enable us to re-
produce the patient’s movements on a suitable
articulator,

The dentist must be able to recognize and
distinguish between normal and abnormal oc-
clusion and joint function. It is therefore neces-
sary (1) to have a knowledge of mandibular
function since the temporomandibular joint bears
an almost unbelievably precise relation to the
teeth and (2) to keep in mind that there must be
a harmony between centric occlusion and centric
relation, which can only occur if the occlusal
surfaces of the teeth can be brought into maxi-
mum contact without cuspal interference as the
mandible assumes its terminal hinge position.

Existing conditions must be analyzed by
means of a functional method. The mere relation
of teeth to each other is not enough. Unless the
relationship satisfies the functional requirements
of the whole mouth, it becomes a destructive
function, creating a metabolic demand in excess
of the normal requirements of the mouth. Func-
tional relations that will make it possible for the
natural metabolic processes of the body to come
to our aid must be created.

We now have the instruments and knowledge
to make good functional examinations and diag-
noses leading to proper treatment planning, prog-
nosis, and therapy.

We must be able to duplicate the variety of
patterns of mandibular motion, realizing that the
musculature motivates the movement of the man-
dible and the temporomandibular joint deter-
mines the nature of the movement. To generate
a proper occlusal form it is necessary to know
how and why the mandible moves. Casts must
be oriented properly upon an adjustable articu-
lator so that occlusal relationships will be repro-
duced correctly. The determinants of mandibular
movement that dictate the occlusal morphology
must be possible of attainment. But how can all
this be accomplished?

To begin with, a set of clutches must be made
using the casts of the preliminary mounting.
With these clutches, a hinge-bow, and a panto-
graph the hinge axis can be located, registra-
tHons or “jaw writings” taken, the articulator ad-
justed to these registrations, and the study casts
remounted to the correct axis.

The first step is the accurate location of the
hinge axis of the mandibular articulation. Many
investigators have shown that a hinge axis does
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exist and can be precisely located in its terminal
position with the use of mechanical aids. A fixed
point of rotation can be obtained clinically and
utilized in restorative procedures.

In vivo the only axial centers that can func-
tion independently in mandibular motion are the
horizontal axial centers of rotation. In a limited
degree of mandibular opening (about 12 de-
grees) the condylar element, because of the
limiting effect of the superior and anterior slopes
of the glenoid fossa and the temporomandibular
ligament, can brace itself superiorly, medially,
and at its posterior limit. Thereby the condylar
element can enable the horizontal centers of ro-
tation to be located. An imaginary line connect-
ing both horizontal axial centers of rotation is
termed the horizontal axis. This may be referred
to as the hinge axis, or the transverse axis
(Chapter 12).

Tooth relations on the articulator will not be
the same as in the mouth unless the opening-
closing hinge and centric relations are the same
on the articulator as in the patient’s mouth. We
must reproduce on the articulator the same rela-
tion of the casts to the axis of the instrument that
the teeth have to the axis of the mandible. Un-
less casts can be occluded by closing them on
the same arc of closure as that exhibited by the
patient, erroneous conclusions may be drawn
concerning existing occlusal patterns and the
need for restorative procedures for the patient.

The rotational centers of the coridyles can
be determined and transposed to the rotational
centers of an -adjustable articulator. Therefore,
we must locate the hinge axis and record and
transfer the three basic paths that it follows.
These paths can be recombined to create every
possible movement of the teeth and mandible,
that is, we must reproduce on the instrument
the paths of motion of the axis.

Granger® so aptly pointed out that “we can-
not deal with one compartment of the temporo-
mandibular joint by a simple hinge-axis mount-
ing or a centric relation record and ignore the
paths of motion of the axis, because this is some-
thing the patient cannot do. The patient is com-
pelled to use both compartments of the temporo-
mandibular joint every time he moves the jaw.
Therefore, we cannot ignore the precise location
and paths of motion of the center of rotation.”

#*From Granger, E. R.: Functional relations of the sto-
matognathic system, J.A.D.A. 48:638-647, 1954.
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Why use the hinge axis?™ Use of the hinge
axis permits us to accomplish the following:

1. It provides a definite point of reference
(a constant) for all procedures necessary in re-
construction. This permits a similar relation of
the parts as they are constructed and corrected.

2. By recording the various relations of the
axis and by transferring these to an adjustable
articulator we are able to reproduce the patient’s
mandibular movements with fidelity. If we wish
to work on a laboratory instrument that is a
mechanical and relational likeness of the mouth,
we must have it open and close on the same axis
as the mouth.

3. It permits us to accurately record and
check the centric relation of each patient.

a. Then we can arrange the cusps of the
teeth so that the closure can be made in
centric relation without striking opponents
on the way.

b. We can then register our centric relation
with enough opening between the teeth
to avoid any deflective malocclusion that
might be present in the dentition, and we
can diagnose it.

4. Tt affords us the privilege of being able to
alter the vertical dimension on an articulator
with the certainty that any such alterations will
be identical to such changes in the patient’s
mouth,

5. Adjustments (remounts) that may be
necessary in the completed work can be accom-
plished on the articulator. This permits the com-
pletion of an extensive restorative procedure on
an articulator without the need for very much ad-
justment in the mouth.

6. The hinge axis is a component of every
masticatory movement of the mandible and
therefore cannot be disregarded. The hinge axis
of the articulating instrument must be a dupli-
cate of the hinge axis of the jaw, or there can be
no mechanical reproduction of jaw motions.

7. The hinge axis permits duplication of all
the arcs of closure of the mandible on an instru-
ment, and thus the cusps can be tailored to har-
monize with these arcs.

8. If we do not locate an axis, we ignore the
laws of geometry, physics, and mechanics.

9. a. If we could transfer the centric relation

*With the assistance of Charles E. Stuart and Harvey
Stallard.

to articulated mounted casts and could
finish our work without changing the
opening component, then we would
not need an axis.

b. If we have no cusps on teeth around
and over which closures are made, we
would need no axis determination un-
less we want to diagnose the ills of the
occlusion.

Because of the previously mentioned reasons,
the location on a patient and the transference to
an articulator of the hinge axis are well worth
the effort involved.

We feel the hinge axis is imperative—yes,
mandatory.

Mandibular movements are three dimensional
in character, and a competent articulator is a
three-dimensional pantograph. Therefore, a pri-
mary law of mechanics must be satisfied—to
pantograph in three dimensions one axis must be
duplicated—in this case, the hinge axis. In man-

dibular movements there is a fourth dimension of

time sequence; that is the amount and character
of movement in one plane in relation to the other
two planes.

Instantaneous axes. When rotation and trans-
lation are combined, there is no constant axes of
control. Picture a body rotating about an axis
and then translating. As soon as translation takes
place the axis changes; then when rotation be-
gins again, a new axis is in control, and this goes
on and on. The axis that changes is called the
instantaneous axis of rotation. It is only in con-
trol for an instant and can be located only when
motion is stopped and then only mathematically.
In the physiologic function of the mandible this
is precisely what is happening. Because we can-
not locate the instantaneous centers, we have no
way of plotting the functional envelope of mo-
tion. Therefore, we are forced to use the border
paths of the complete envelope. Much of the
confusion of the profession centers about this
area, When we masticate, we do not do so with
the hinge axis in control; instead it is the instan-
taneous axis or more properly axes. Also when we
close from physiologic rest to centric, again it is
the instantaneous axis in control. This is why we
must avoid rest in taking our records, and also
why we do not need it. The hinge axis then has
control only along the border paths.

What I am trying to emphasize is that many
axes having to do with mandibular motion can



be plotted. However, most of them cannot be
used, and so we must utilize only those with
which we can work. Because of some inaccura-
cies in our technical procedures, we must use
an axis more than once. Therefore, we must
choose one that is constant. We use the axis that
is in control in the terminal position. Because this
is also centric relation, the hinge axis is not only
convenient but mandatory.*

Unless the opening-closing hinge and centric
relation are the same on the articulator as in
the patient, tooth relations on the articulator will
not be the same in the mouth.

The mandible should be allowed to reach all
its border limits freely without any restrictions
by cusp interference.

Locating the hinge axis. The hinge axis can
be located accurately by trial and error with
a hinge-bow, which is rigidly attached to the
lower teeth by an aluminum clutch or clamped
to the edentulous ridge. The side arms of the
bow are adjustable, horizontally and vertically,
and carry pointed styluses, which are directed
at the positions of the condyles. The patient is
coached to open and close the mouth with a
pure hinge movement, using the thumb and
index finger to guide this movement and avoid-
ing translation of the mandible. Attention is di-
rected to the action of the tip of the stylus as the
patient executes the hingelike movement. The
tip of the stylus will arc in a definite direction,
depending upon its relation to the actual centers
of rotation. By close observation of the arc
scribed by the stylus, an adjustment is made to
approach the center of rotation. The nature of
the adjustment is determined by the direction
and the size of the arc. Use is made of the geo-
metric principle that, if a secant intersects an
arc of a circle, its perpendicular bisector will
coincide with the radius of the circle. In other
words, when the tip of the stylus describes an
arc, the axis will always be toward its radius.
By trial and error and repeated adjustments it
is possible to arrive quite readily at the exact
center of rotation (as the patient executes the
pure vertical rotational motion of the condyle
on the meniscus), which is indicated when the
tip of the stylus will no longer arc; it will
merely rotate. A magnifying glass is now used
to help see that the stylus tip is definitely rotat-
ing.

This procedure is carried out on both sides
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simultaneously, and the points so located are
transferred to the skin. The dental practitioner
must remember to move the patient’s head out
of the headrest, which will eliminate any pos-
sible skin displacement that would occur from
pressure against the headrest. The stylus tip is
rubbed with an indelible pencil and gently
pushed against the face to transfer the point to
the skin, after which the hinge-bow and clutches
are removed. (See Figs. 2-29 to 2-38.)

Fig. 2-29. Clutches on casts on articulator and cen-
fer bearing screw adjusted so that no contact exists
in centric, protrusive, and lateral positions except on
screw.

Fig.' 2-30. Interproximal spaces and undercut areas
around restorations and under pontics are blocked
out with a soft wax before cementation of clutches
for ease of removal. Be careful to have enough
relief around teeth showing a high degree of mo-
bility.
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Fig. 2-32
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Figs. 2-31 and 2-32. Cluiches cemented. Observe
alignment of separable studs from both front and side
views to “eye” the studs properly for parallelism to
each other during cementation of the clutches. Fig. 2-35

Fig. 2-36

Fig. 2-33. Front bars and sidearm with graph paper Figs. 2-34 to 2-36. Stylus arms {adjustable hori-
on flag positioned to provide o stationary back- zontally and vertically) placed on lower front bar
ground against which axis can be located. with stylus in vicinity of condyle.



Fig. 2-37. After tip of stylus will no longer arc but
merely rotate (carried out on both sides simulia-
neously) upper arm is dropped and points so located
are transferred to skin.

Fig. 2-38. Removal of clutches—removal of screws
holding two parts of cluich together and positioning
screwdriver in “pry slot” for easy displacement of
anterior section.

By locating the center of rotation for each
condyle and joining these with an imaginary
line, the hinge axis is located.

Also keep in mind the following:

1. Use the Cohen or Hickok trainer for five
to ten minutes before positioning the
hinge-bow for location of the axis.

2. The hinge action actually is being located
in the facial plane (on the side of the
face).

3. This is not the true center of vertical mo-
tion for that is located in the condyle.

4. A point on a line that has been extended
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from the centers of vertical motion is
being located.

5. Centers of hinge action can be located
only when the condyle is in a position
where it can repeatedly scribe these arcs
—when it is in the most retruded position
in the glenoid fossa.’ ,;

The axis points are now related to a third
point on the side of the nose. This point is
usually placed on the right side of the nose 2%
inches from the incisal edge of a central incisor
tooth or by locating the inferior border of the
orbit on the right side and, for convenience,
recording with a mark on the same plane on the
side of the nose. These three points are on the
axis-orbital plane, which is a plane of reference.
They are used to make a conventional face-bow
transfer so that the casts will be oriented on the
articulator in the same relation to its axis as the
jaws are to the hinge axis.

This axis-orbital plane will give a constant
position for the upper jaw, and a correct inter-
occlusal record will establish the position of the
lower jaw to the constant upper jaw. In this way
repeated mountings will have a constant relation
to the records and the patient’s centers of rota-
tion.

The three points (marks) are made perma-
nent by using a special tattoo needle and a little
pink marking dye (sulfide of mercury) (Figs. 2-
39 to 2-41). India ink, which is used in conjunc-
tion with a disposable hypodermic needle, is
also used very successfully, Remember to ex-
amine tattoo marks at intervals, and re-ink if
any of them start to fade out.

Fig. 2-39. Axis point on right side made permanent
by using a special tattoo ink.
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Fig. 2-40. Axis point on left side made permanent
by using a special tottoo ink.

Fig. 2-41. Nose reference point made permanent
by using tattoo ink.

The axis is constant to the mandible, and it
determines the arc of closure upon which the
cusps of the teeth meet in any contacting posi-
tion. For convenience, the hinge axis is located
and reproduced in centric relation. It can be said
therefore that the hinge-axis position is a physi-
ologically acceptable maxillomandibular rela-
tionship.

Use of pantograph in recording of jaw move-
ments. The procedure so far permits the correct
apposition of the casts on an instrument in the
opening and closing component, but only in the
terminal hinge position. It is necessary to trans-
fer the centers of lateral motion to an articulator
if the other movements of the mandible are to
be faithfully reproduced. This is accomplished
by the use of twin Gothic arch (needle point)
tracings. On a suitable articulator that can be
adjusted for intercondylar width, the centers of

lateral movement are located from the twin
Gothic arches. All that remains now is to dupli-
cate the paths of these centers, and all possible
jaw relationships will have been duplicated. It
can be used as a means of creating occlusal
forms that will be in harmony with the joint and
also the supporting structures of the teeth.

The most accurate practical method of re-
cording jaw movements is the use of an extraoral
tracing device. Actually this is a pantograph,
which consists of two face-bows with six record-
ing slides and six styli (Fig. 2-42), that scribes
the paths of the centers of rotation of the man-
dible. The tracings are made in three dimensions
simultaneously,

Pantograph registrations should be used for
the following reasons:

1. They permit us to accurately record the
border movements of our patients and to dupli-
cate these movements on an articulator, This
makes it possible to conveniently design and
construct the occlusal surfaces of the restorations
so that they will be in harmony with the pa-
tHent’s jaw movements.

2. Copying mandibular movements on an
articulator is necessary if we are going to pro-
duce an organic occlusion that fits the mastica-
tory organ.

3. The direction, shape, and depth of the oc-
clusal grooves can be carved accurately so that
the cusps that travel in these grooves can ar-
rive at their destinations (fossae) without
trauma. They can be on the right “track,” or let
us put it this way:

a. The ridge and groove directions are de-
termined as a resultant of the movement
of the condyles.

b, In the main, the cusp height and fossa
depth are determined as a resultant of
mandibular movements.

c. The proper concavity of the lingual sur-
face of the upper anterior teeth is deter-
mined by the movements of the condyles.

(These determinants can be applied in the
fabrication of the occlusion of the teeth if we
will record the mandibular movements of the
patient and then cause the articulator to repro-
duce the same border and intermediate move-
ments, )

4. Cuspal elements (cusps, marginal ridges,
triangular ridges, developmental grooves, -sup-
plemental grooves, fossae) are necessary to
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Fig. 2-42. Various ports of a pantograph. It consists of two face-bows with six record-

ing slides and six styli.

maintain the vertical stability of the teeth by dis-
tributing the forces of occlusion in the long axis
of the teeth.

(Pantograph registrations permit us to ac-
curately determine the height, position, and re-
lation of the cuspal elements so that they will
efficiently perform their functions without cre-
ating lateral stresses on the supporting struc-
tures. )

5. The centric relation intercusping is built
by first consulting the eccentric paths of mandib-
ular travel. If we do not consult the eccentric
travel, the cusps will not be free to travel in and
out of centric relation closure without conflict.
The resultant will be trauma, wear, and loss of
the centric relation contacts.

6. So, by logic we feel the only way we can
work accurately and measure our work is to use
a faithful substitute for the jaws, an articulator
in which all the occlusal determinants and the

opening and closing axis relations are precisely
incorporated.

This method of employing the pantograph
graphically records the various positions and
movements of the mandible. These graphs are
then utilized to adjust the articulator to repro-
duce the same relations and the actual path of
the movements found in the patient.

In making these records the clutches have to
be separated vertically so that there will be no
tooth guidance during the registrations and the
minimum amount of separation that will ensure
this is desired.

When an accurate and complete record of
the jaw movements has been registered and the
orbital guide set (if this step is forgotten, the
registrations will be useless), the upper and
lower arms of the pantograph are firmly locked
together with a fast-setting stone making use of
four vise grips. (See Figs. 2-43 to 2-55.)
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Fig. 2-43. Alignment of pantograph on articulator for ease of positioning when carried
to the patient,

Fig. 2-44. Upper and lower crossbars of panto- Fig. 2-45. Sidearms with slide holders placed on
graph positioned. ‘ each end of upper crossbar. Position axis stylus pins
on axis tattoo marks, barely touching skin.

Fig. 2-46. Lower lateral arms placed on lower front Fig. 2-47. Vertical styli placed about % inch inside
crossbar. Adjust them so as to put horizontal styli on horizontal recording plate.
hinge with patient in centric relation.
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Fig.
2-48

. , e S
Figs. 2-48 to 2-51. A series of completed tracings—centric, protrusive, and lateral.
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Fig. 2-52. Fast-setting stone applied around crossed studs of vise grips. Patient held i
centric position until stone sets.

Fig. 2-53 - - Fig. 2-54

Figs. 2-53 and 2-54. Axis-orbital indicator bow placed on support. Lays across oxis
indicator pins posteriorly and indicator point on bow is ‘on nese tattoo mark. Don't forget
this step! )

Fig. 2-55. Pantograph removed intact from patient and ready for mounting on
articulator.




Transference to an adjustable articulator.
The entire assembly is removed intact from the
patient (not including the clutches, which are
subsequently removed) and is transferred to the
mounting frame. The mounting frame is a jig
that conveniently holds a face-bow in proper re-
lation to an articulator. It permits accurate rela-
tionship of the clutch or cast to the articulator
while the attaching stone sets.

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
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upper bow parallel to the axis-orbital plane.
(See Fig. 2-56.) The lower clutch is attached to
the lower bow, the vise grips are removed, the
articulator is adjusted or set, and the adjust-
ments are recorded on a suitable card (Figs. 2-
57 to 2-68).

By means of a face-bow transfer and a cor-
rect centric interocclusal record, study casts,
working casts, and remount casts can be
mounted on this set adjustable articulator, which
is capable of duplicating the patient’s jaw move-
ments {Figs. 2-69 to 2-77).

Fig. 2-56. Pantograph mounted on articulator. Leveling device in position on front of
upper bow, resting on axis-orbital plane (making upper bow parallel to axis-orbital

plane).
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Fig.
2-57

Fig.

2-59
Fig. Fig.
2-60 2-61

Figs. 2-57 to 2-65. Vise grips removed and articulator set to recorded registrations.
Styli following tracings in all mandibular excursions.
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Figs. 2-62 to 2-65. For legend see opposite page.

Fig.
2-62
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Fig. 2-67. Side shifts (in this case, straight or un-

Fig. 2-66. Ground eminentiae.
ground).

C.E.STUART

ARTICULATOR DATA CHART

PATIENTS NAME ARTICULATOR NO. 457
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S EMINENTIA  /  EMINENTIA EMNENTIA ,, ENNENTIA ¢
GURVATURE %€ aNGLE ANGLE 37 CURVATURE
‘ @ S
ROTATION CENTEV /%///li 1‘\® <EOTATION CENTERS
SIDE SHIFT SIDE SH!FT
HORIZONTAL AXIS SWIFT
Z VERTICAL AXIS SHIFT VERTICAL AXIS SH!FT
Face Width m,m, Date__ 2 3/44

Fig. 2-69. Face-bow fork showing fips of cusp in-

Fig. 2-68. Adjustments recorded on a suitable card.
dentation of maxillary teeth.

Fig. 2-70 Fig. 2-71

Figs. 2-70 and 2-71. Bite-fork cusp tip indentations rebased with Kydac (zinc oxide—
eugenol paste) for greater accuracy in cast positioning and avoidance of rocking of cast.
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Fig. 2-73. Hinge-bow and

Fig. 2-72. Hinge-bow transfer for mounting casts
to correct axis.

Fig. 2-74 ; Fig. 2-75
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Fig. 2-76 Fig. 2-77

Figs. 2-74 to 2-77. Study casts mounted to correct axis, anterior and right and left
posterior views, .
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Fixed and variable factors of occlusion

The factors utilized in properly orienting the
casts were all fixed factors of occlusion, which
were accurately recorded and reproduced and
which cannot be changed or altered. These fac-
tors are Bennett movement, lateral angulation
and curvature, protrusive angulation and curva-
ture, intercondylar distance, and horizontal axis.
They exert the greatest amount of control in the
posterior region, and the effect of the fixed fac-
tors diminishes gradually toward the anterior
portion of the arch.

There are other factors, not anatomically
fixed, that can be altered to restore the mouth to
normal function. These are known as the vari-
able factors of occlusion and are anterior guid-
ance, plane of occluson, curve of Spee, cusp
height, etc. This effect manifests itself primarily
in the anterior region, and there is a gradual
diminution of this control toward the posterior
region. They can be altered, provided one knows
how they are related to the fixed factors of oc-
clusion, giving us the possibility of a physiologic
articulation. Under any given fixed set of factors
of occlusion only one set of cusps can function
in harmony with jaw movement!

The fixed and variable factors of occlusion
functioning simultaneously form the complete
spaciotemporal continuum in all excursions that
directly influence the morphology of the occlusal
forms to be constructed (Chapter 12).

Centric relation

Dykins has said that the most important task
in dentistry is to get the two jaws to come to-
gether correctly.

Granger has said that regardless of our be-
liefs with respect to cusps, articulators, materials,
or methods, there is no single factor in all den-
tistry equal in importance to centric relation.

Therefore, a thorough understanding of cen-
tric relation is essential to the proper practice of
dentistry,

Centric relation defined. Despite the fact
that some authorities contend that there is not
such a thing as “centric relation” and that maybe,
from a purely scientific standpoint, they are
right, dentists doing clinical procedures must
have it defined and must have a method of cor-
rectly registering jaw relations. This condition
must exist until such time that a truly scientific
approach is given to the profession.

“Centric relation of the mandible is its rear-
most, midmost, untranslated hinged position. It
is a strained relation as are all border relations.
It is the only maxillo-mandibular relation that
can be statically repeated.”™

“We may define temporomandibular centric-
ity as that terminal hinge fossae relationship nec-
essary for the establishment of a fulcral seat to-
ward which the condyles rotate and translate in
the dynamics of function. Or it may be expressed
by saying the opposing occlusal surfaces of the
teeth bear a reciprocal dependence to the
temporomandibular joint. Centric relation de-
notes both condyles in their firmest bracing con-
tact and the only motion possible in this rela-
tionship is vertical rotation.”?

Actually, establishing centric relation is the
orienting of horizontal centers of motion, which
are identical with the vertical centers of rotation
to the maxilla. When the exact centers of lateral
rotation have been located and this has been
done in conjunction with the location of the
centers of vertical rotation (hinge action), then
we have truly found centric relation.

The following must be done: (1) location of
the hinge axis, (2) location of the centers of
lateral rotation, and (3) transference of the
casts to the axis, which entails face-bow transfer
of the upper cast to the axis and relation of the
lower cast to the upper cast by a correct centric
relation record. The lower cast must be oriented
to these centers.® ,

In other words, geometrically, the problem of
centric relation is one of relating the position of
the hinge axis and rotational centers to the
maxilla.

Anatomically, the problem of centric relation
becomes one of employing ways and means
whereby the physiology of the involved anatomic
parts is utilized to establish a correct joint-fossae
relationship.® ‘

It can be said that the criteria of centric re-
lation acceptability is its capability of reproduc-
tion.

Reproduction of centric relation using the
Lucia method. Fundamentally, the problem of
joint-fossae relationship involves directed joint
positioning, application of patient bilateral

*From Stuart, Charles E.: Personal communication.
TFrom Dykins, William R.: Personal communication.



muscular effort, and means of joint stabiliza-
tion.

Operator guidance serves as the means of
orienting the posterior relation of the condyles
to the fossae, while the musculature is inter-
preted as the factor in placing the condyles in
their correct superior relationship. To utilize bi-
lateral muscular balance an anterior stop, as sug-
gested by Victor O. Lucia of New York, must be
provided as close to the desired vertical dimen-
sion as possible. An absolute requirement of the
stop is that it must not be capable of any move-
ment for constancy in its relation to the sup-
porting teeth; neither should it be designed so
that the backward and upward movement of the
condyles is influenced. For convenience and
form it is fabricated from quick-setting acrylic
on models mounted on an articulator by means
of a preliminary centric bite. ,

One or more layers of Sure-Set wax is the ve-
hicle that is employed to carry the recording
medium, such as Kydac, between the teeth. The
wax wafer should not be in contact with the
posterior teeth when the jaw is closed against
the anterior stop. If it comes in contact, it may
invite displacement because of the stretching of
the ligaments.

Two or more wafer recordings are necessary.
The criteria of acceptance of correct condylar
centricity is their capability of reproduction dem-
onstrated by the split-cast idea as presented by
Lauritzen. With this technique the objective of
recording centric relation at a predetermined,
vertical dimension can be fulfilled.

A step-by-step description of Lucia’s method
is in order. A small anterior self-curing acrylic
bite plane is first constructed on the maxillary
master model of the patient; the design of which
can be seen in Fig. 2-78.

The bite plane is then placed in position in
the patient’s mouth and the teeth closed in cen-
tric onto the plane. In this position there must
be enough lingual extension of the plane to allow
firm contact with the lower anterior teeth, and
there must be enough height or thickness to the
plane to allow a 1 to 3 mm. clearance of the pos-
terior maxillary and mandibular cusps.

After any necessary preliminary corrections
are made the plane is again placed in the pa-
tient’s mouth. A piece of articulating paper is
placed between the plane and the lower incisors,
and the patient is guided into protrusive, centric,
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and lateral movements. The plane is then re-
moved from the mouth, and the resulting Gothic
arch tracing is observed. Any interferences on
the plane are corrected, and it is shaped in such
a manner as to render it ineffective as a lateral
or protrusive guide for the mandible upon
closure against the plane. In most patients this
would necessitate sloping the plane’s occlusal
surface in a slightly upward direction, both pos-
teriorly and laterally from a central ridge, which
would now have but minimum contact with a
single lower central incisor, or with, at most, two
incisors. This can be better understood by refer-
ring to Fig. 2-79.

Next indentations of the patient’s maxillary
cusps are made in a sheet of extra-hard base-
plate wax. This occlusal pattern is then cut from
the sheet and trimmed to within 1 or 2 mm. of
the outer edge of the occlusal indentations. A
V-shaped section is then removed from the an-
terior part of the wax form in such a manner
and of such size that the wax form and the

bite-plane can be placed in the mouth at the

same time with some space between them (Fig.
2-80).

Also, the corners of the wax tray are turned
up in the region of the cuspids. This ensures the
reseating of the wax tray in its proper position
after the Kydac has been placed on the tray.

Thus a wax impression tray is formed for
the centric relation record. The wax tray is then
softened in warm water, enough to allow fur-
ther occlusal indentations and yet not enough to
cause the tray to lose its general shape while be-
ing handled. In this' state the tray is positioned
properly in the mouth, and the patient’s mandible
is guided into a centric closure and then is
opened prior to complete penetration of the wax.
The wax tray then is removed and chilled and is
repositioned in the mouth to check for distortion.

With the wax tray still in position, the bite
plane is inserted (some denture powder may
have to be used to secure the plane in the
mouth ), and the patient’s mandible is closed in
the centric arc onto the bite plane. When in this
position, the wax tray should be freely movable
between the occlusal surfaces of the maxillary
and mandibular teeth. The freedom of move-
ment of the wax tray is most essential in obtain-
ing the centric relation record. If it comes in con-
tact with the posterior teeth when the jaw is
closed against the anterior stop, it may invite
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Figs. 2-78 to 2-80. Grophic representations of principles of Lucia’s method of register-
ing centric relation record.

displacement because of the stretching of the
ligaments.

After completion, the wax tray is dried thor-
oughly. The patient’s teeth are lubricated with
a petrolatum preparation, and a mix of a zinc
oxide-eugenol preparation (Kydac), is pre-
pared properly and placed in the maxillary and
mandibular occlusal indentations of the tray.
With the bite plane securely in position the wax
tray is carried to place and the patient’s mandible

is guided into a centric closure against the bite
plane. At this time the tray is released (i.e., no
longer held in place by the dentist) and the pa-
tient is instructed to exert pressure in the closure
against the bite plane and to retain this pressure
until instructed otherwise. The operator should
hold the patient’s mandible in this centric posi-
tion until the Kydac has completed its set. (See
Fig. 2-81.)

The wax tray with the occlusal record is then



Fig. 2-81. Acrylic resin jig, prepared tray with zinc
oxide-eugenol paste (Kydac) carried to place, and
patient’s mandible guided into centric closure against
bite plane.

removed, trimmed, and checked in the mouth
without the use of the bite plane.

The study casts, working casts, or remount
casts now can be checked with this occlusal re-
cording. This, as well as the subsequent articu-
lator mounting, is done without the bite plane.

Repeating the process and using several simi-
larly constructed wax trays with the same bite
plane is essential to verify, by the Lauritzen
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split-cast method, the accuracy of the centric
relation record on the articulator.

It has been shown that it is possible to record
the true, pure, functional movements of a jaw
and to transfer those records to an articulator
on which they can be duplicated exactly.

The rotational centers control all the move-
ments of the mandible, and they must be located
accurately so that centric occlusion can be built
at the position of centric relation.

It has been aptly said that, “The real prob-
lem is recognizing the mouth as a functioning
organ, an organ whose condylar function is of
such basic importance, that without recognizing
it and utilizing its respective quality, restoring
a mouth becomes-a hit or miss proposition. Tak-
ing it into your camp as an ally, dependable and
predictable, enhances success. Ignore it and its
harmful potential cannot be estimated.”®

Treatment planning
OBJECTIVES

The objective of a treatment plan is to re-
store the mouth to a healthy, functional condi-
tion. Not only must the condition and health of
the supporting structures be improved upon, but
also the relationship of the teeth. All of this is
based on an evaluation of existing conditions
and treatment potentials.

The first important consideration in arriving
at a plan of treatment is whether there are defi-
nite indications for complete mouth rehabilita-
tion and, if so, is the patient amenable to this
type of treatment—physically, emotionally, and
economically. Seriously consider the indications
and contraindications of such an important un-
dertaking.

The second consideration is whether the den-
tist has not only a good knowledge of mandibu-
lar physiology and the basic fundamentals of
periodontics, orthodontics, and endodontics (the
sequential integration of which is part and par-
cel of the modus operandi), but also basic and
advanced knowledge and the necessary opera-
tive skills in the field of crown and bridge pros-
thodontics.

A coordinated plan of treatment is of the
utmost importance. Periodontal, endodontic,
surgical, and orthodontic problems should be co-

*From Sloane, Robert B.: Basic principles in mouth re-
construction, D, Items Interest 73:1-10, 1951.
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ordinated with the prosthodontics in treatment
planning even though the patient is to be re-
ferred to the respective specialists in these fields.
The final responsibility of the success or failure
of the case, in mouth rehabilitation, lies with the
prosthodontist. This makes it imperative that he
know what is being done by the specialist and
why and that he be in accord with the proce-
dural objectives.

It is not only essential to be very well trained
in the operative phases of prosthodontics, but
also in all laboratory procedures. This holds true
regardless of whether the laboratory work is exe-
cuted by the dentist or by resident or nonresi-
dent technicians.

An evaluation of all assembled data must be
undertaken before a treatment plan can be rec-
ommended and therapy instituted.

Clinical, laboratory, microscopic, roentgeno-
graphic, and medical and dental history findings
must be studied carefully, and any recognizable
pathologic conditions must be noted and cate-
gorized for treatment by self or by referral to a
specialist. The length of time that the etiologic
factors have been present and the degree of pa-
thology give us some indication of the rate of
breakdown.

A study of the occlusion represents a very im-
portant aspect of the examination. In evaluating
this occlusion the dentist must use the primary
objectives of function, form, esthetics, and pho-
netics as his criteria. Sufficient study of properly
oriented casts saves time and effort and prevents
errors in treatment planning and therapy.

The following can be noted from the diag-
nostic casts:

1. Discrepancies between the habitual
closure pattern and the centric relation—
location, degree, and influence of occlu-
sal prematurities—can be seen.

2. In conjunction with the roentgenograms
one can see if any bone destruction has
occurred and if centric occlusion and
centric relation are not harmonious.

3. The excursive movements can also be
studied, and if worn facets of the oc-
clusal surfaces are evident, it is certain
that they are produced by stresses in
lateral and protrusive mandibular move-
ments.

4. The “why” of mobility patterns of teeth
(correlated with the measurement of de-

gree of mobility), spacing or “fanning”
of anterior teeth, battered and fractured
cusps, etc. are vividly pointed up for ob-
servaton and study.
5. Relation in size and position of the op-
posing arches,
Jaw-to-jaw relations.
Tooth-to-tooth positions.
Overbite and overjet relations.
Coronal, proximal contacts, embrasure,
and occlusal forms of the teeth.

10. Plunger cusps.

11. Edentulous areas—form and size of
space. Evaluation of its use for fixed and
removable appliances.

12. Crosshite relations—unilateral or bilat-
eral.

13. Degree of curve of Spee and curve of
Wilson. Its effect on the final restorations
can be visualized, and any necessary
changes can be considered.

14. Tilted, rotated, and extruded teeth. Eval-
uate the degree of tipping, rotation, and
extrusion of the teeth.

15. Topography of the marginal ridges of the
teeth.

16, Temporomandibular malfunction—if it
has to do with malrelation of the teeth.

17. Plane of occlusion. Relation of plane of
occlusion to condyle path will be appar-
ent; can alter the occlusal plane some-
what by planning of tooth preparations.

18. Vertical dimension--should it be in-
creased or decreased?

19. Attrition and erosion patterns.

20. Axial positions of the teeth.

21. Type of bite—deep bite, loss of posterior
support, prognathic, occlusal attrition,
ete,

292. Fixed and variable factors of occlusion.

23. Buccolingual relationship of the posterior
teeth, A study of this relationship will be
very helpful in determining the type of
restoration to be employed—full or par-
tial coverage.

24. Cuspid relations. The path of travel of
the lower cuspid is observed, and the
complete cuspid relationship is analyzed.

When some guestion arises as to the success-

ful treatment of the patient or the best method of
operative approach to enable recognition of some
of the problems that may be encountered, it is

L ooN®



Fig. 2-82. Casts of properly prepared teeth allow-
ing for adequate gold thickness on occlusal surfaces.

exceedingly helpful to make the anticipated
preparations in a set of properly oriented study
casts. Sufficient tooth structure must be removed
to allow for an adequate thickness of gold on the
occlusal surfaces in all mandibular excursions
(Fig. 2-82).

The next procedure is to work out the coronal
and occlusal surfaces in wax, It is possible to
study the following determinants of occlusion:
(1) the use of cusps and fossae in planning oc-
clusion, (2) ridge and groove direction determi-
nants (axis-orbital horizontal plane), (3) cusp
height and fossa depth determinants (sagittal
plane), and (4) determinants of the lingual con-
cavity of upper anterior teeth.

Waxing of the case on the preoperative casts
(and later on working casts) that were properly
oriented on a correctly designed, adjustable ar-
ticulator allows the cusps (in shapes, placement,
and graduated heights) to bear proper relations
to the axes of the mandible (Fig. 2-83).

The length or height of the cusps is influ-
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enced by the condyle path. The Bennett move-
ment determines the position and form of the
cusps. The position and form must be correct to
harmonize with the lateral shift; otherwise, the
cusps will bump instead of glide around each
other as they should.

Where extensive therapy is indicated the
aforementioned procedures creates a template of
the envisioned completed result, which can also
be used as a guide or blueprint during actual
treatinent.

With all this information available we can
also determine whether the teeth in situ can be
used as abutments for retainers, appraised on the
basis of type of root, coronal form, position of
teeth in the arch, amount and quality of sup-
porting bone, and the health status of the perio-
dontium. We can also determine (1) if we
should resort to extraction to make the case more
ideal, (2) if splinting should be instituted, and
(83) if orthodontic treatment, minor or major, can
place these teeth in a more favorable position for
their use as abutments.

Questionable teeth that are considered clin-
ically expendable should be removed.

Fixed splinting around the arch offsets the
potentials of excessive individual tooth leverage.
We know that multiple abutments are essential
to offset inadequate periodontal support, tooth
mobility, or an unfavorable crown-root ratio.
{See Chapter 5.)

Injudicious use of splinting must be avoided.
This type of therapy should never be used as a
crutch for proper occlusal forms. Despite the
value of fixation, optimum stability depends on
the final occlusal and incisal contacts of the
teeth.

Malaligned or malposed teeth should be
moved orthodontically for better management of
abutment teeth or for better relation to the re-
sidual ridges. It can often effectively supplement
and simplify therapeutic measures. If this is not
possible, elective extraction is usually indicated
regardless of the periodontal status. _

For minor orthodontic movement some tech-
niques utilized are (1) wire or grassline liga-
ture, (2) rubber dam elastics, (3) removable types
such as the Hawley appliance, and (4) various
modifications of this type of appliance such as
the bite plate. The bite plate can be used as a
prerestorative measure. (See Chapter 5.)

If indicated, consideration should be given to
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Fig. 2-83. Preoperative woax-ups.

the establishment of a closely correct vertical di-
mension of the dentition to enable a return to
a muscularly balanced, maxillomandibular posi-
tion. The {ree-way space should not be obliter-
ated.

PROGNOSIS

Certain patients require some kind of com-
promise treatment, but it should be an intelligent
compromise based on a sound evaluation of all
diagnostic findings.

It is impossible to know how certain teeth will
respond to treatment. Sometimes anticipated
failures are resounding successes and vice versa,
Inform the patient of all the inherent advantages,
disadvantages, and limitations of this type of
work. By all means do not allow your enthusiasm
to cause you to overstep the bounds of reason by
promising the impossible. We must be on guard
especially against the feeling of omnipotence

that the excellence of our technical skills tends
to foster. The operator has to recognize that to
the extent he gives the impression of omni-
science, to that extent the patient has a right to
call on him for omnipotence as well.

Alternative solutions must be in readiness if
treatment plans do not work out satisfactorily.
The uncontrolled habits of the patient, the possi-
hilities of future periodontal and periapical in-
volvements, and other possible eventualities
must always be under constant consideration.
Troubleshooting is an important phase in mouth
rehabilitation procedures.

Efficient scheduling of appointments for all
clinical and laboratory procedures is necessary
for the preservation of physical and emotional

‘energies of both patient and dentist and, from

an economic standpoint, to make the operation
a profitable one. Do not overlook the financial
arrangements—inform the patient not only of the



cost of the work, but how you expect him to meet
his financial obligation. It makes for a more suc-
cessful relationship.

Prognosis is dependent upon the skills and
experience of the dentist in regard to his ability
to make a careful and thorough examination
and to be able to correctly interpret the find-
ings. Technical ability, laboratory control, and
patient-dentist rapport (psychologically and
economically) are the other necessary ingredi-
ents.

'THE SENIOR CITIZEN

Statistics show that there are more older
people living today than at any previous time.
Everyday in the United States at least a thou-

Fig. 2-84. Results of prosthodontic efforts in elderly patients. A and B, Patient 85
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sand persons reach their sixty-fifth birthday.'?
Nearly 13 million, or more than 8% of the popu-
lation, are over the age of sixty-five. Because of
these facts, dentists have become very much in-
terested in the problems of aging.

Our elderly patients are most eager to main-
tain their teeth, oral soft tissues, and jawbones
in a state of health. The objective of the dentist
caring for the senior citizen is to achieve this
goal as effectively for the elderly patient as it
can be achieved for the younger patient,

The dentist’s attitude toward ‘dental care for
the senior citizen is changing. He knows now
that advancing age does not necessarily mean
the loss of teeth and their replacement with den-
tures. As a result, he directs his treatment to-

years of age. C to E, Patient 86 years of age.
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ward the preservation of the teeth and attach-
ment apparatus of the elderly patient. The
dentist is attempting to look after the aged with
great care, patience, and understanding. Because
of the dentist’s treatment and attitude, the senior
citizen is grateful and appreciative. By en-
abling him to function adequately and com-
fortably, the dentist is enabling many to
continue their contributions to their associates
and their communities,

Ryan*® has aptly said: “The elderly are not
just ‘old people’; they are structurally, function-
ally, and mentally different men and women
than they were in the days of their youth and
early maturity.”*

In treating the aged we must differentiate
between senescence, which refers to normal
physiologic aging, and senility, which may be de-
fined as pathologic aging. The dentist must ap-
proach the problems and the disturbances of
the aged with understanding, and he must realize
the important role the oral cavity plays in the
health of our senior citizens.

Cowdry'* has this to say: “Some kinds of cells
are evidently replaced thousands of times in the
human life span, others hundreds of times, and
still others not at all. The long-lived cells which
are not replaceable accumulate pigments, lipoids
and various other relatively inactive materials,
which suggest a diminution in physical vigor.!

In the elderly we are confronted with changes
in the following:

1. Metabolism. There is a lowering or slow-
ing down of the general metabolism.

2. Vitality of cells. There is retardation of
cell division and capacity for cell growth and
tissue repair.

3. Glandular balance. There is a decrease in
glandular secretions. According to the physiol-
ogist, Anton Carlson,'® “The salivary glands usu-
ally show some evidence of atrophy with advanc-
ing years; competent investigators have reported
definite decrease in salivary volume and in per-
centage of pytalin with advance in age. To what
extent the decrease in saliva or the age changes
in the composition of the saliva permit or favor
growth of the aciduric flora of the mouth, which

*From Ryan, Edward J.: The dental problems of senes-
cence, J. Prosth. Dent. 1:64-70, 1951.

t¥rom Cowdry, E. V.: Factors in aging, Sci. Month.
56:370, April, 1943,

in turn may enhance degenerations in teeth and
gums, is still an open question.* .

4. Speed and strength of neuromuscular re- .
actions. The tonus of the muscles of mastication
and deglutition is markedly reduced.

5. Nutritional patterns.

Silverman!® cautions us not to overlook the
biologic aspects of tooth care in relation to the
treatment of the periodontium, the bone and
muscle activity of the oral structures. These den-
tal and oral structures depend directly on the
systemic effects of the circulation, and the endo-
crine, neurologic, and metabolic mechanisms of
the body. ,

Another supportive measure for evaluation is
the nutritional aspect. Nutrition is the process of
providing proper food elements for maintenance
of health and growth. A sound nutritional pro-
gram will do much to maintain the physical vital-
ity and the nervous stability of the older patient.
It is also vitally essential to the success of dental
restorations.

There is a definite relationship between im-
paired masticatory function and general nutri-
tive failure. It has been said that there is a
definite correlation between what and how a
man eats and how long he lives.’? According to
Stieglitz:'” “We are what we are today because
of our yesterdays.”

Older people require less fat and carbohy-
drate and more protein. Many diseases and gen-
eral debilitating states are the result of protein
insufficiency. The minerals are also of particular
importance to the aged, especially calcium since
calcium loss contributes to bone fragility. A
negative calcium balance is often found in our
senior citizens when rapid ridge resorption is
noted.

Stieglitz!7 stated: “Recent studies point out
calcium requirements are greatly increased in
later years. The older person needs more calcium
than the young adult to maintain calcium bal-
ance. Calcium loss contributes to bone fragility.
The importance of milk (as a source of both
protein and calcium) for the elderly is thus once
more emphasized. The nutrition of the youth af-
fects his health in maturity, senescence, and old
age, but the nutrition of each period of life pre-

*From Carlson, Anton: Physiologic changes in normal
aging. In Steiglitz, E. J.: Geriatric medicine, ed. 2,
Philadelphia, 1949, W. B. Saunders Co.
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Fig. 2-85. Articulators and face-bows used in mouth -rehabilitation procedures. A,
Granger Gnatholator. B, Hinge-bow assembly. €, Granger pantogroph mounted on
Gnatholator. D, Granger Simulator.

sents problems peculiar to the period. To age
is to change.”™

We must not forget that the most nutritious
food is of little consequence if the first process
of digestion—food preparation in the mouth—is
inadequate. Inadequate mechanical preparation
of the food results from painful, nonfunctioning,
or missing teeth or from faulty dental restora-
tions. Without adequate nutrition the elderly
patient cannot do well.

*From Stieglitz, Edward J.: Aging as a problem of nu-
trition, Nut. News 13:6, Oct., 1949. .

Some investigators recommend multivitamins
on a supportive basis, but the possibility of the
vitamin therapy masking symptoms of chronic,
underlying disorders must not be overlooked.

The French have told us that “death enters
through the mouth.” We might likewise say that
so do life, health, and long well-being.’® We also
must not overlook the fact that dental care pro-
vides not only nutritional support, but also psy-
chologic support for the elderly patient. The de-
sire of older patients to retain and prolong the
use of their own teeth is natural and understand-
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Fig. 2-86. Ney articulator.

able and in many patients must not be discour-
aged. Advanced age is no deterrent to the con-
struction of limited or extensive crown and
bridge prosthodontics provided the patient is in
reasonably good health (Fig, 2-84).

However, the dentist must also be aware of
the anxiety, depression, and hostility that many
times accompany dental care for the senior citi-
zen. Dental care for these patients should be
carefully evaluated as to whether the care should
be limited or extensive. By all means do not over-
treat or overadjust. Patience and understanding
are important to treatment. Establishing rapport
with the patient can prevent many problems, but
lack of concern and impatience can produce
many problems. Even psychiatrists have only
limited success, unless the patient recognizes his
needs and is willing to cooperate.

With advancing age the vitality of the dentin
is greatly decreased by sclerosis and obliteration
of the tubules and by secondary dentin forma-
tion, which cuts off the tubules from the pulp.

Fig. 2-87. Whip-Mix articulator.

Old dentin may become entirely insensitive
and impermeable. The phenomenon can result
in decreased sensitivity during cavity prepara-
tion.'8

However, we also find that many elderly
patients lose their teeth from the caries of senes-
cence. Caries in the aged is often rapid and
deeply penetrating, with early pulp involvement.
This may be caused by the decreased bacterio-
static power of the saliva and the atrophy of
the salivary glands. In the aged we are also
faced with the degenerations in the dental pulp
that may be of blood-borne origin. Emboli and
thrombi may affect the blood vessels in the den-
tal pulp in the same manner they affect the ves-
sels of other organs. Pulpitis may also be of
hypertensive origin.

As a result of gathering all these findings, that
is, physiologic, nutritional, psychologic, and me-
chanical, the total problem can be evaluated and
the diagnosis and treatment plan made for the
senior citizen ( Figs. 2-85 to 2-87).
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Chapter 3

Centric relation—theory and

practice’

VICTOR O. LUCIA, D.D.S., FA.CD.

Definition

Webster’s Collegiate Dictionary defines “cen-
tric” as follows: “adj. 1. Placed in or at the cen-
ter or middle: central. 2. Of, pertaining to, or
characterized by a center.” Is this definition in
any way related to what is generally understood
by centric in dentistry?

The Glossary of Prosthodontic Terms' gives
this definition of centric relation: “The most re-
truded relation of the mandible to the maxillae
when the condyles are in the most posterior un-
strained position in the glenoid fossae from which
lateral movement can be made, at any given de-
gree of jaw separation.”

s The American Dental Association definition
of 1955 is not unlike the one in the Glossary.

The only inference of a center may be in the
phrase, “from which lateral movement can be
made,” and T doubt whether this was intended.
However, I shall endeavor to show that the dic-
tionary definition can very definitely be applied
to the centric relation of dentistry.

With which center are we going to be con-
cerned? There are literally millions of centers of

*Modified from Lucia, Victor O.: Centric relation—theory
and practice, J. Prosth, Dent. 10:849-856, 1960; and
Lucia, Victor O.: A technique for recording centric
relation, J. Prosth. Dent, 14:492-505, 1964.
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mandibular movement. The problem depends
on which movements are made and to what they
are related. These centers are instantaneous
and are changing constantly with each slight
movement,

We must concern ourselves with a center
that can be located easily, that can be useful for
our procedures—a center that will enable us to
reproduce the patient’s movements on a suitable
articulator and to execute our work more intelli-
gently and with greater ease. ‘

The objective of records of centric relation is
to relate the mandible to the maxillae (and, in
turn, the teeth) so that there can be no fulcrum
on the teeth (and periodontal ligaments), but
only in the temporomandibular joints. Whether
many patients have this condition normally is of
no consequence. The important thing is that,
when the ravages of pathosis are present, the
fulerum must be in the temporomandibular joint
if the destruction by the pathosis is to be mini-
mized. This is a mechanical necessity that has
biologic soundness. Many materials, methods,
and devices have been used to fulfill this objec-
tive. None of these is universally effective. Yet
every sincere dentist doing full mouth rehabilita-
tion has confessed, at one time or another, either
publicly or privately, that his lot would be con-



siderably easier if he could be sure of the centric
relation record of his patient.

Significance of centric relation

Centric relation is a specific relationship of
the centers of rotation of the mandible to the
maxillae. There is a center of vertical arcing mo-
tion in each condyle. These centers of vertical
motion are joined by an imaginary line called
the hinge axis. In addition, on this hinge axis
are two centers of lateral motion—one in each
condyle. When the centers of vertical arcing mo-
tion and of lateral motion coincide and are in the
most posterior terminal position in relation to
the maxillae, the mandible and maxillae are in
centric relation.

All the movements of the mandible are gov-
erned by the centers of rotation. To duplicate
these movements on an articulator, the centers of
rotation must be located. Moreover, when a pa-
tient chews or in any way brings his teeth to-
gether, the normal action is to seat the condyles
in the rearmost, uppermost position. Unless the
condyles are uppermost the restorations made
will be in supraocclusion.

All normal swallowing occurs in centric re-
lation. The resultant vector of force of the mas-
ticating muscles indicates this relationship. The
anatomy dictates this,

Unless centric occlusion occurs when the
mandible is in centric relation, there will be a
strain on the periodontal tissues of the teeth.
Teeth that have lost their supporting structures
can least afford to be fulcrums of the masticating
mechanism. Lateral forces will be created, and
these are destructive.

When pathosis has taken a toll of the support-
ing structures, it becomes necessary to provide as
much “bracing” as possible for the weakened
teeth. One means is to set a posterior limit for
the movements of the mandible. In this way
weakened upper teeth cannot be rocked distally,
and weakened lower teeth cannot be rocked
mesially. The posterior superior limit of man-
dibular position, which is maintained by centric
relation-holding contacts on the occlusal surfaces,
makes possible the stabilization of weakened
teeth. When splinting is necessary, additional
stability is obtained by the posterior superior po-
sition of the mandible.

The upper teeth are like a horseshoe on an
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anvil. The lower teeth are like the hammer. The
anvil and hammer are not damaged in use, but
the horseshoe is. The upper teeth can be knocked
out of the maxillae by malfunction.

Upper teeth get rocked distally as well as
mesially when the mandible is out of centric
relation, whereas lower teeth can be rocked only
mesially.

Unless the starting point for establishing the
anatomy of restorations is correct the other rela-
tionships cannot possibly be right. An improper
centric relation record will cause difficulty in the
preparation of teeth.

Difficulties of recording
centric relation
To record the mandible’s path of vertical

movement in the terminal hinge position the
patient must be deceived. The dentist has to

block out all the proprioceptive impulses that di-

rect the movements. The proprioceptive impulses
are responsible for the awareness of the position
of the mandible in space. The impulses guide the
mandible in its habitual movements. The reflex
actions that take place are reinforced by the
proprioceptive stimuli. One of the natural reflex
acts of the mandible is to close into a lateral or
a lateral protruded position when something is
introduced into the mouth (Fig. 3-1). This is
what happens when a material such as wax is
placed in the mouth and the patient is told to
bite. It is necessary to obtain a relationship of
the terminal hinge action without any lateral
deviation. One practical way of blocking out the
proprioception is to prevent the teeth from com-
ing together (Fig. 3-2). The relationship of the
mandible to the maxillae in the terminal hinge
position without tooth contact must be obtained.
Consequently, the patient must be trained and
guided to execute the terminal hinge action.

The mechanical procedures necessary to re-
late the mandible to the maxillae present the
problem. Our task would be simple if a magic
material that would solidify at a given word
could be inserted between the teeth when the
lower jaw is executing a perfect terminal hinge
closure. Unfortunately, we have no such m