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PREFACE rro THIRD EDITION. 

THE author is grateful for the kindly reception of the 
previous editions of this book, the many expressions of 
appreciation, and the reviews accorded them on both sides 
of the Atlantic. He offered the second edition, which 
contained the results of much additional laborious research 
and study, and is grateful that it has met with the approval 
of the profession. 

Attention is again called to the experimental studies in 
plaster of Paris and vulcanite. The investigations in plaster 
of Paris were made in order to gain a better knowledge of 
its physical properties and the principles underlying its use. 
The physical properties of expansion, shrinkage and con
traction of vulcanite \Yere carefully studied and the results 
stated in a terse and practical manner. The cause of the 
porosity of vulcanite was treated upon a new hypothesis, 
that is, that it is physical and not chemical. A technic for 
vulcanization of rubber, which is simple, logical and scientific, 
IS giVen. 

Anatomical antagonization was treated in the former edi
tions, and, in this edition is further studied from a practical 
stand-point. Ko attempt has been made to compile the 
voluminous work being done in this field of study; but in 
its place a terse and somewhat critical discussion of the 
present status of the subject is given, with recommendations 
for their practical application. The presentation in the 
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first edition of the instruments and methods of Professor 
Gysi was replaced in the second edition with a brief descrip
tion of his new and improved instruments. The "Adaptable 
Articulator" and its accompanying measuring instruments 
1vas given clearly by illustration and legend. They are 
continued. 

It is 1vith pleasure that a clear and concise statement of 
Dr. Rupert E. Hall's theories on. antagonization, ·with his 
instrument, are presented in this edition. 

The chapters on Impressions and Hetention ha1·e been 
elaborated and brought fully up to date; in fact, the book 
has been enlarged ancl thoroughly revised. 

The motiYe of this book is: much in few words. The 
purpose is to give the technic clearly once, and to elaborate 
the underlying principle ~s much as may seem necessary. 
Therefore if a portion of the book seems to be devoid of 
technical descriptions it is because the text being read is an 
elaboration of a principle, a suitable technic for which >vill 
be found preYiously stated, but in sequential order. 

The book is designed for both the busy student and prac
titioner; therefore in addition to the standard instruction in 
methods and materials the recent methods and materials 
are presented and discussed, but without prolixity. Of the 
new additions may be mentioned, impression material and 
methods, teeth, antagonizor and antagonization, partial 
plate dentures, protesyn, etc. 

The author wishes to thank especially Prof. W. E. 
Cummer, Dr. J. \Vrigbt Brach, Dr. Hupert E. Hall, Dr. L. 
Anton Zurbrigg, Dr. Geo. B. Snovv, the Cleveland Dental 
Mfg. Co., and the S. S. White Dental J\Ifg. Co.; also his 
publishers for their untiring patience and courtesies. 

G. H. W. 
CLEVELAND, Omo, 1917. 
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PROST ETIC DENTISTRY. 

CHAPTER I. 

THE 2\10L:'TH. 

THE mouth, from an anatomical point of view, is the 
entrance to the alimentary canal; and primarily is for re
ceiving and preparing the food for deglutition. In mankind 
there is a secondary use, that is, to aid in speech and expres
sion. In this chapter the mouth will be considered only in its 
primary relationship; its secondary function IYill be treated 
in the chapters on Cleft-palate and Esthetics. 

ANATOMY.l 

The face i 0
, divided into three portions, known as the first 

portion or upper third, second portion or middle third, and 
third portion or lmYer third (Fig. 1). These thirds are indi
cated by four imaginary and approximately parallel lines
the first at the top of the forehead, or normal hair line; the 
second at the junction of the forehead and nose, or a line 

1 It is not within the province of this monograph to treat in detail either 
general or dental anatomy; it considers only their practical application. 
It is assumed that the student has some knowledge of the tissues and organs 
under consideration; and it is hoped that the practically applied anatomical 
science will create a desire for an intimate acquaintance with the subject. 

The student is referred to his text-books on general and dental anatomy, 
and especially to the excellent article, "The Human Dental Mechanism: 
Its Structure, Functions, and Relations," by Charles R. Turner, l\1.D., 
D.D.S., in the third and fourth editions of the American Text-book of 
Prosthetic Dentistry. 

For convenience of expression, the singular form of the names of bones 
and muscles is used, although, with few exceptions, they are in pairs. One 
side of the cranium is a counterpart of the other. 

2 
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drawn at the lower border of the crest of the supra-orbital 
ridges; the third at the base of the nose and extending from 
the anterior spine of the maxilla to the lower border of the 
external auditory meatus; the fourth line at the lower 
border of the chin. In passing it may be noted that in the 
ideal Greek face these thirds are of equal length, but in 

upper 
third 

Middle 
third 

Teeth 
plane 

Lower 
third 

FIG. 1 

nature they vary greatly. These lines, however, are very 
important in the study of the face, for they determine the 
proportions--whether or not the face is well balanced. 

Plane of the Teeth.-The third line, or the naso-auditory
meatus line, is of importance in marking or indicating the 
plane of the upper twelve anterior teeth (Figs. 1 and 2). 
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It should be noticed that the teeth plane is a straight 
plane extending from the mesial angle of the upper central 
incisor to the distobuccal cusp of the first molar; also that 
the teeth plane indicates approximately one-third of the dis
tance from the third to the fourth face line. The teeth plane 
may be extended backward and it will be seen that the second 

FIG. 2 

and third molars are progressively stepped up~ward. Atten
tion has but recently been called to this fact, so, to satisfy 
himself of the truth of the statement, the student should 
not only notice the few illustrations given (Figs. 1 to 6), 
but he should observe everv normal or nearh· normal skull 
and plaster cast of teeth th~t opportunity ma;r present. The 
straight line from the crest of the cusp of the upper cuspid 
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tooth to the crest of the distobuccal cusp of the first molar 
is assumed by the author to be the foundation of the forma
tion of the dental arch; and the other teeth in the arch are 
in compensating positions. The four teeth~cuspid, first 
and second bicuspids, and first molar~of an artificial denture 

Fro. 3 

may al-ways be placed in this straight line and be considered 
anatomically normal and mechanically correct. 

There is a reason for these four teeth being in a straight 
line and considered as the foundation of the dental arch. By 
referring to Fig. 1 it vvill be seen that the portion of the 

FIG. 4 

maxilla in ·which these four teeth are located has a massive 
cubical block formation, and that the remaining teeth are 
in extensions of this cubical block. The cubical block is 
outlined by the frontonasal column A B, the z,ygomatic 
column C G D, the infra-orbital arch B P D, and the molar 
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arch A C. The incisors are in the luwer nasal arch A E, a 
forward extension of the cubical block; and the second and 
third molars are in a tuberosity extending backward from 
the cubical block. (A cube has the strongest formation 
and the greatest resistance to force because its dimensions 

FIG. 5 

are equal in each direction.) This formation is suggestiYe 
that the force of mastication should be upon the area of this 
cube, and that the straight formation has the greatest resist
ance to a displacing force applied to an artificial denture. 

The scheme presented in this book for antagonizing com
plete dentures is based upon this fundamental principle. 

FIG. 6 

Curve of Spee.-The cur\'e of Spee should be located and 
thoroughly understood. The cur\'e of Spee is an imaginary 
one, and is described as a segment of a circle which begins 
with the incisal edges of the lower incisors, passes o\·er the 
crest of the buccal cusps of the lmYer bicuspids and molars, 
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and ends in the anterior border of the condyloid process 
(Fig. 71). The degree of curvature of this curve of Spee will 
depend upon the angle of inclination of the eminentia m·tic
ularis (Fig. 2, G). For some years writers and teachers have 
made this curve of Spee (theoretically) the fundamental 
principle in the anatomical arrangement of the teeth; and a 
very elaborate and complicated system of "articulation" has 
been evolved from it. 

FIG. 7 

Compensating Plane.2-This term has been used as synony
mous with the curve of Spee. It should not be so used, 
for the curve of Spee belongs entirely to the mandible, and 
is anatomical; while the compensating plane is mechanical. 
The compensating plane (as produced for mechanical reasons) 
is rarely ever found in nature; but may be used in complete 
artificial dentures. The compensating plane is that arrange
ment of the teeth whereby the so-called three-point contact is 
established between the upper and lower artificial dentures. 
If this plane is to be of any practical value, it must be in 
harmony with the excursions of the condyle. If the articu-

1 Fig. 7 from a photograph of a specimen in the vYistar Institute of 
Anatomy. 

z Dr. Amoedo, Emeritus Professor of the Dental School of Paris, proposes 
the term compensating plane in place of compensating curve. It seems to 
the writer to be a much better term. 
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lating surface of the eminentia articularis is horizontal, the 
condyle moves straight forward in its excursions, and no 
compensating plane to the teeth plane is required; but if this 
articulating surface is oblique, as is usual, then the condyle 
must also descend when it moves forward. This creates a 
bent teeth plane, and, as has been stated, must correspond 
with the path of the condyle. 

Temporomandibular Articulation. -This is a condylar
throidal joint, the structures taking part in it being the 
glenoid fossa of the temporal bone and the condyle of the 
mandible, together ~with the ligaments and the tissues inter
posed between the bones. 

The glenoid fossa (Fig. 2, F) is an oblong cavity on the 
under surface of the squamous portion of the temporal bone, 
its concavity being directed downward. It is bounded 
anteriorly by the eminentia articularis, externally by the 
middle root of the zygoma and the auditory process and 
posteriorly by the tympanic plate of the petrous portion of 
this bone. The anterior two-thirds of this fossa is smooth, 
and covered, in the recent state, with a dense fibrous tissue, 
and receives the condyle of the mandible. Of the articular 
portion of the fossa the distal part is the most concave, and 
is also the most elevated. From this point it slopes down
ward and forward to the crest of the eminentia articularis, 
furnishing a surface over which the condyle glides in the 
forward excursions of the mandible. The shape of the cavity 
varies with different nationalities, with different individuals, 
and sometimes with the opposite side of the same individual. 

The principal variations are, in size and general concavity, 
in correspondence with the shape of the condyle, in extent 
of the surface from the most concave portion of the eminentia 
articularis, and in the inclination. The outlines in Fig. 81 

show the curve of its cavity obtained from skulls after the 
method of Tomes and Dolamore. The fossa alters fre
quently in old age, from the pull of the muscles upon the 
mandible in trying to bring into occlusion teeth that may be 
widely separated in location. 

1 Turner's American Text-book. 
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· The condyle of the mandible (Fig. 2, H) is the distal upper 
extremity of the ramus, which fits into the glenoid fossa. 
The head is an elongated oval body, with its long axis at 
nearly right angles to the ramus. The head of the condyle 
is separated from the ramus by an elongated neck, about 
which strong ligaments are attached, connecting the mandible 
with the temporal bone. The head is separated from the 
glenoid fossa by a series of tissues that act both as a cushion 
and a lubricated gliding surface. By this peculiar forma-

A B c D 

Fra. 8.-0utlines of glenoid fossm obtained by the method of Tomes and 
Dolamore. The heavy base line is parallel to a line drawn from the anterior 
nasal spine to the floor of the external auditory meatus. All the fossm out
lines were on the left side of the skull: A, from skulls with typical dentures; 
Band C, from skulls with several teeth missing; D and E, from edentulous 
skulls. 

tion various movements are made possible. The mandible 
may be carried bodily forward by unison in the movement 
of the condyle upon either side of the cranium. Whether 
this movement is horizontal or oblique will depend upon 
the formation of the eminentia articularis. If one condyle 
only is moved forward the other will rotate upon its axis, 
showing the ball-and-socket formation. Mr. ::\orman G. 
Bennett, of England, has recently described a third movement 
of the mandible in which it moves bodily laterally. By this 

E 
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movement all of the buccal cusps of either side of the mouth 
are brought evenly in contact in the process of mastication. 
It is the action of the puwerful muscles of mastication upon 
either one or both of the cushioned condvles that makes it 
impossible to absolutely reproduce the ~ovements of the 
mandible upon a mechanical frame; nor is this necessary, 
because the joint is a remarkably adaptable one, and, to an 
extent, conforms to the demands made upon it. The moYe
ments of the condyle may be in any direction, but more freely 
in some directions than in others. The forward movement is 
the freest and the important one in prehension (seizing or 
grasping-as of food), but the lateral mandibular moYement 
is the important one of mastication. The distal moYement of 
the condyle is usually quite restricted, but there are a few 
instances in which the distal movement from the normal rest 
position is excessive and perplexing. 

The Mandible.-This is the preferred name for the lower jaw 
(Fig. 2). It is often called the inferior maxilla, but this 
name is becoming obsolete. The mandible is the largest and 
strongest bone of the face, and serves for the reception of 
the lower teeth. It consists of a curved horizontal portion, 
the body (Fig. 2, J), and two perpendicular portions, the rami 
(Fig. 2, J), which join the back part of the body at nearly 
right angles. The mandible is the movable arm of the dental 
armament, therefore it is of special interest to the dental 
student, because of its use and the changes that take place 
with the loss of the teeth, and, vvith old age. Because 
of its position it is subject to serious accidents and dis
ease, namely, luxations, fractures, and necrosis. The large 
muscles of mastication are principally attached to the rami, 
and as the condylar articulation is the only attachment 
of this bone with the cranium, it represents a lever of the 
third class. (In the third class the power is between the 
fulcrum and work) While this form of the leYer has the 
least power, it admits of the greatest latitude of movement 
in the mandible, and demands the long and strong muscles 
of mastication. The length of the muscles is necessary to 
permit freedom of movement, and their great strength to 
make possible the easy performance of the work for which 
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they are designed. That much puwer is necessary for mas
ticating food can easily be surmised by observing the power
ful grip of those animals whose dental armament is not 
designed for offence and defence. This is well illustrated in 
the horse, whose small mouth opening prevents the grasping 
of objects between the molar teeth; but with its incisors it 
may, in a fit of rage, grip and shake a large man or an animal, 
weighing two or three hundred pounds, as a small terrier 
would a rat. The power required for man to masticate his 
food has been experimentally measured by both Professor 
Black and Dr. Head. Professor Black found that some 
articles of food require from forty to eighty pounds of force 
to crush them, while the highest figure obtained by Dr. 
Head was forty-three pounds. 
Ligaments.~The movements of the condyle are limited 

not only by the form of the glenoid fossa but by ligaments. 
There are three ligaments-the stylomandibular, spheno
mandibular and capsular. 

The first two named are long ligaments extending between 
the parts named, but are of no importance in mounting 
artificial teeth; hovvever, the capsular ligament is very im
portant and its form and function should be thoroughly 
comprehended by the prosthetist. 

The capsular ligament is composed of short fibers extend
ing from the periphery of the glenoid fossa to the cervix of 
the condyle. This ligament is divided into four parts and 
named for their position. The anterior and posterior are 
quite loose and thin and permit considerable anterior and 
posterior movements. The external and internal lateral por
tions have greater restraining action upon the movements 
of the condyle. The external lateral ligament is the thickest, 
strongest and most important portion of the capsular liga
ment. It has a broad attachment to the zygoma and extends 
obliquely downward and backward to the neck of the con
dyle. It permits considerable lateral movement of the con
dyle, but in the opening movement of the mouth the fibers 
will, when the teeth are a short distance apart, be made 
taut, and then the cervical attachment must act as a fulcrum 
over which the head of the condyle is thrown forward and 
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dowmvard upon the ementia articularis. Therefore the 
pivotal centre of the opening movement of the mouth, after 
the first one-fourth inch space movement, is at the cervix of 
the condyle. Furthermore, the pivotal centre of the first 
one-fourth inch opening movement and the last one-fourth 
inch in closing is at the centre of the head of the condyle. 
Hence it is a logical conclusion that the pivotal centre of the 
condyle only is of importance in mounting artificial teeth 
because no movements of the mandible can influence antago
nization of the teeth until at least tvw opposing cusps touch, 
and no tvvo cusps can occlude vvhen the external lateral liga
ment is acting as a fulcrum. 

The whole head of the condyle is free to move in any di
rection limited only by the walls of its fossa and capsular 
ligament. Its movement is further enhanced by the inter
fibrocartilage and two bursre. 

Muscles.-:IVIusclcs are bands or bundles of contracting 
fibers vvith two or more attachments. At least one of these 
attachments mav be considered as fixed or stationarv. The 
function of a m'uscle is to produce motion. The 1r{otion is 
produced by the contracting fibers drawing its movable 
attachment tovvard its ·fixation. the direction of the 
force of a muscle is always between its attachments, it 
must have a counter, because a muscle fiber can produce 
but one action. Its power is in its contraction. There is 
no actiYe puwer in the relaxing of the contracted muscle 
fiber. There arc several groups of muscles attached to the 
mandible, namely, muscles of mastication, auxiliary muscles 
of mastication, and muscles of expression. 

The temporal, masseter, external and internal pterygoid 
are classed as the muscles of mastication. They are arranged 
in symmetrical pairs, and usually operate simultaneously in 
the movements of the mandible, although each is capable 
of independent action. They are all attached to the rami, 
and may be considered as presenting no obstruction to the 
wearing of artificial dentures. They are the powerful ele
vators of the mandible. It is through the various inclinations 
of these muscles, aqting in various combinations, that the 
mandible is protruded, retruded, and rotated. The depres-
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sion of the mandible is by a different and a much less power
ful set of muscles. The depressors of the mandible are the 
platysma myoides, digastric, mylohyoid, and geniohyoid 
omuscles. 

The auxiliary muscles of mastication consist of the bucci
nator and the composite muscle--the tongue. So far as the 
function of these muscles concern the act of mastication, 
they are auxiliary to the muscles of mastication, and their 
use is to keep the bolus of food between the teeth. The 
buccinator (bugle blower) muscle should be given careful 
consideration, because its origin and insertion are such that 
it may seriously interfere with the stability of artificial 
dentures. Its origin is at the union of the alveolar process 
with the body of the maxilla. It begins in the proximity of 
the cuspid (canine) fossa and extends backward to the maxil
lary tuberosity. It is inserted in the corresponding portion 
of the mandible, or along the external oblique line. When the 
teeth have been lost and there is excessive resorption of the 
alveolar processes, the attachments of this muscle may be 
very close to the crest of these resorbed processes In such a 
case the contraction of the muscle in placing the bolus of food 
between the teeth tends to causing irritation of the soft 
tissues, especially if the buccal flanges of the base-plates are 
too deep. Sometimes, through carelessness or at least acci
dents in extracting, and through improper or no after-treat
ment, false attachments of the muscles are formed upon the 
process. These cases require that the flanges of the base
plate shall be cut away so as not to impinge, otherwise the 
false attachment must be surgically removed. 

While the function of the tongue, as an auxiliary masti
cating muscle, is to keep the bolus of food between the teeth, 
there are a few of its component muscles that need con
sideration. The mylohyoid is attached to the whole length 
of the internal oblique line, and forms the floor of the mouth. 
Sometimes, through excessive resorption, the attachment 
of this muscle and the crest of the alveolar ridge are in such 
close proximity that there can be almost no lingual flange to 
the base-plate of an artificial denture, while with other condi
tions an extensive lingual flange may be used advantageously. 
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The geniohyoglossi are attached to the genial tubercles 
upon either side of the median line. These muscles form 
not only an important part of the tongue, but their genial 
attachment, in excessiYe resorption of the process, forms a 
serious obstacle to the stability of a lower artificial denture. 
The union of the anterior borders of these muscles, with its 
mucous membrane coYering, forms the frenum lingure. In 
no case should an impingement of the lingual flange of the 
base-plate upon the frenum be permitted. Upon the end 
of the body of the mandible, that is, at the union of the body 
with the ramus, is found the mandibular attachments of the 
superior constrictor of the pharynx. This, and the distal 
border of the buccinator muscle, in conjunction with the 
tubercle formed as the result of the resorption of the alYeolar 
process, indicate the extent to which a lower denture may be 
worn distally. The distal border of the buccinator not only 
passes between the maxilla and mandible, but also sends 
some fibers to the pterygomaxillary ligaments. It is these 
fibers, with their mucous membrane coYering, that form the 
cord-like tissue extending posteriorly from the tuberosity 
of the maxilla and the corresponding location on the man
dible. The base-plates must be properly adjusted to this 
tissue, as it may dislodge the artificial dentures, and also may 
become Yery sore. 

The muscles attached to the anterior external surface of 
the mandible are muscles of expression. Their location 
may affect the retention of an artificial denture, therefore 
we vYill now consider them from this Yiew-point. Beginning 
on either side of the symphysis and extending outward, 
there are the three muscles, leYator labii inferioris, depres
sor labii inferioris, and depressor anguli oris. These muscles 
arise at and below the union of the alveolar process with the 
body of the mandible. In excessive resorption of the process 
these attachments are so near the crest of the alYeolar ridge 
that Yery little surface is afforded as a seat for a base
plate. HmYeYer, the base-plate must be so formed as to 
cover as large a surface as possible, yet not be displaced by 
the action of these muscles. At the symphysis is the frenum 
labii inferioris, formed by the blending of a few fibers from 
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each of the levator labii inferioris and the covering of mucous 
membrane. Sometimes another frenum is formed just distal 
to the lower cuspid eminence. This buccal frenum should, 
when existent, be provided for in the periphery of the base
plate. 

Muscles of the Maxilla.-There are few muscles of the 
maxilla other than the buccinator that interfere with the 
retention of the artificial upper denture. The depressor alre 
nasi and compressor naris have their origin in the incisive 
fossa and require attention because of their influence upon 
facial cosmetics. ·when the alveolar process is largely re
sorbed the attachments of these mu,scles are sometimes in 
close proximity to the alveolar crest. The tendency seems 
to be for the prosthetist to pad out or bolster up these muscles 
with the idea of restoring the expression. By studying the 
origin, insertion, and action of these muscles it will be seen 
that the desired result cannot be obtained. The endeavor 
should be not to exaggerate the deformity. The depressor 

· alre nasi has two fasciculi, the one going to the wing and 
scptum of the nose and the other forming the depressor of the 
upper lip. These few fibers, in conjunction with a like 
portion from the other depressor alre nasi and a well-marked 
fold of mucous membrane, constitute the frenum labii 
superioris. vYhen it is recognized that the function of this 
muscle is to draw in or depress the upper lip and the tip of 
the nose, and that the receding process carries the origin 
of this muscle farther back than normal, it will readily be 
seen that any crovvding upward of this muscle tends to still 
further curl inward the upper lip and the tip of the nose. 
Therefore it is necessary that the base-plate shall be well 
cut away to permit free play of the frenum, and that the 
flange of the base-plate passing over the incisive fossa shall 
be well depressed. Otherwise there will be a pouched-out 
effect of the lip just under the nose. The buccal frenum over 
the upper first bicuspid must not be impinged upon by the 
base-plate. 

The Soft Palate.-The soft palate (velum palati) is the 
curtain between the vault of the mouth and the pharynx, and 
is composed of six pairs of small muscles, each having one 
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of their attachments upon the palate bones. In some cases 
these muscular attachments will extend farther fonvard than 
usual, and in such cases may interfere with the retention of an 
artificial denture if the base-plate is improperly adjusted to 
them. This same improper adaptation may not only cause 
loosening of the artifi.cial denture, but also nausea. However, 
the base-plate, for best retention, must extend in every di
rection as far as the muscles 1vill permit, because, other con
ditions being equal, the retention of artificial dentures is in 
direct ratio to the area covered. 

The aboYe paragraph has expressed the teaching of the 
profession until quite recently, but now it is known that the 
principle herein taught is only in part true, for there are a large 
mFmber of cases in which the best results are obtained by eJ:tend
ing the palatal border of the art'~ficial denture ~oell ~1pon the 
yieldable soft tissue. This new thought will be discussed in 
the chapter on Hetention. 

The Teeth.-'--In the, human family the teeth are the hard, 
:Aint-·like, symmetrical formations placed within the mouth for 
the purpose of preparing the food for deglutition. They serye 
also as an aid in speech, but this is a secondary function, 
and an esthetic rather than an anatomical subject. 

It is necessary to study the general characteristics of the 
natural teeth that we may have a comprehensive apprecia
tion of the demands made upon artificial substitutes. 

the teeth of a skull are viev1ed in mass they are seen to 
be in two parabolic rows (Figs. 3 to 6). The upper ro\v is 
fixed or stationary, while the lovver one is attached to a 
hinged lever (mandible), which carries them into intimate 
relation with the upper. As these two rows of teeth are 
held firmly together there is seen to be a method in their 
form, grouping, and arrangement. Proceeding from the 
median line in either direction, in the upper jaw, the first 
two teeth present a straight edge, the next three a single 
point, and the last three two points each. It is seen also 
that the upper teeth overlap the lower, and that the mass 
of teeth viewed as a column has the general form of a trun
cated cone. The straight-edged teeth are for cutting the 
food, and are called incisors, central and lateral. The group 
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of three, with one point each exposed when the upper and 
lmver rows are in occlusion, will be found to differ in form 
\vhen the rows are separated and they are viewed upon 
their ends (Figs. 9 and 10). It will be found that the anterior 
one only has but one point or cusp, and hence is called the 
cuspid. The remaining two teeth of this group have two 
points, one terminating the outer or buccal surface, and the 
other terminating the inner or lingual surface. These teeth 
are called first and second bicuspid (bi, two, and cusp, point; 
tvm-pointed, bicuspid). The remaining three teeth at the 
end of the parabolic row will be found, when viewed upon 
their ends, to have from three to five points, usually four; 
these teeth are called molars--first, second, and third molars. 
C:\Iolar is from molaris, belongi1 g to a mill, derived from 
mola, millstone; molo, grind.) The teeth are, in order, 
named: central incisor, lateral incisor, cuspid, first bicuspid, 
second bicuspid, first molar, second molar, and third molar. 
The names of the teeth are preceded by adjectives denoting 
location, as right or left and upper or lo-wer. Thus, to indi
cate a certain tooth, it should be described as right upper 
central incisor, left lower first molar; that is, first indicate 
the side of the body, second the jaw, and third the distinctiv,e 
tooth. 

There is another classification that, because of its origin, 
needs consideration. The Basle Anatomical Xomenclature 
(B::'\A) has the highest endorsement of anatomists and bi
ologists. It is in correct Latin and is designed to do away 
with duplicate anatomical terms. To have one definite 
name for an anatomical object is most desirable; but for a 
body of general students to elect terms for the specialist 
student is apt to be quite unsatisfactory. The author of 
this book is of the opinion that the specialist student should 
not acquiesce until his claims have been carefully con
sidered. When brevity and simplicity are the cardinal points 
of a scheme, it is certainly illogical to adopt the more cumber
some and less significant classification. This is the relation 
of the BXA tooth classification as compared \vith the tooth 
classification of the dental profession. The following is the 
BNA tooth classification with the English interpretation, 
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as given by Dr. Barker, in brackets: Dentes incisivi (incisor 
teeth); dentes canini (canine teeth); dentes prremolares 
(premolar teeth [0. T., bicuspids]); dentes molares (molar 
teeth); dens serotinus (late tooth [0. T., ·wisdom tooth]). 

FIG. 9 

FIG. 10 

There is no good reason for placing the third molar in a 
class by itself, and the term serotinus (late) is as obnoxious 
as the obsolete term, 1visdom tooth. Premolar is no shorter 
than bicuspid, does not describe the tooth as well, and has 

3 
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the disadvantage of having been used by some writers to 
indicate the deciduous molars. Canine (dog) has no scientific 
significance. As both classifications will confront the student, 
he should know the writer's authority and reason for each. 
This book gives preference to the former rather than the latter 
classification. 

Returning to our observation of the teeth in the skull 
(Figs. 9 and 10) it is seen that the upper central incisor is 
wider than the upper lateral incisor, that the lower central 
incisor is slightly narrower than the lower lateral incisor, 
and that the upper incisors taken together are much ·wider 
than the lower incisors. Dr. Black gives the average width 
(in millimeters) of the crowns of the teeth as follows: 

Central incisor {Upper,~ Lateral incisor ~~·. 94 Cuspid {. 76 .· 9
6 

,Lower, u.4 \.v , 

{
6 8 f!O 7 ' 9 2 Second bicuspid 7 : 1 First molar \ 11 .· 2 Second molar { 10 ~ 7 

First bicuspid U: ~ 
Third molar { 1g.~ 

This formation permits all of the lower central incisor 
and half of the lower lateral incisor to occlude with the upper 
central incisor (Figs. 3 to 6), the lower lateral incisor to 
occlude with the upper central and lateral incisors, and the 
lower cuspid to occlude with the upper lateral incisor and 
cuspid. This arrangement continues throughout the line 
of teeth. In other words, each tooth, excepting the lower 
central incisor and upper third molar, occludes with two 
teeth. This arrangement necessarily places each tooth of 
the lower row, excepting the central incisor, half of its width 
(approximately) in advance of its fellow of the upper row. 
The fact just stated is fundamental, and should be fixed 
in the student's mind as a landmark. For emphasis, the 
proposition is restated. Excepting the central incisor, each 
lower tooth is approximately half its width in advance of its 
fellow in the upper parabolic cun•e. In arranging· the teeth 
of a complete artificial denture this interlocking of the 
teeth should always be produced. The teeth should not 
be arranged end to end, but interlocked one against two. 
Farther on the mechanical reasons for this interlocking will 
be developed. 

Parabolic Curve.-A parabola is a section of a cone cut 
parallel with one of its sides. This will form a figure with a 
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half-circle at one end, a straight line at the other, and the 
ends of the half-circle and straight line joined by diverging 
straight lines. If a skull with typically arranged teeth is 
held in the hand so as to secure a direct view of the morsal 
ends of the upper teeth, it will be seen that the teeth 
describe nearly a perfect parabola (Fig. 9). Dr. Bonwill 
demonstrated that the segment of the circle described by 
the six anterior teeth has a radius equal to a line drawn from 
the mesial incisal angle of the central incisor to the distal 
incisal angle of the cuspid. The student should appreciate 
that to study any subject pertaining to nature it is neces
sary to have an ideal-a type as a standard for comparison. 
It is an axiom that Nature never exactly reproduces herself, 
therefore science groups the easily recognized modifications 
of the type into classes. 

In studying a large number of human mouths it will be 
obserYed that in many cases the segment of the circle vvill 
ha Ye somewhat of a square form, in others it will be somewhat 
V-shaped (with apex to the front), and in others a flattened 
round. This type and the three modifications will be further 
considered in the chapter on Esthetics, under the heading 
Temperaments. When the teeth are all in situ the radius of 
the circle may be easily obtained with a pair of diYiders, but 
when the maxilla is edentulous it is another proposition. 
The next observation is to determine how to secure this 
radius in an edentulous subject. upon the skull may be 
observed an eleYated ridge, cuspid (canine) eminence, over 
the root of the cuspid tooth. This eminence terminates 
just external to the outer corner of the anterior nares. The 
student may place his finger upon his own lip over the cuspid 
eminence and it may easily be felt. By moving the finger 
upward it will be found that this crest terminates within 
the triangle formed by the upper border of the lip, the wing 
of the nose, and the linea nasolabialis. This point indi
cates the termination of the influence of the cuspid root. 
Thus, a point of the dividers placed at the centre of the base of 
this triangle and the other point of the instrument placed 
in the median line just below the crest of the anterior nasal 
spine will indicate the length of space to be occupied by the 
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central, lateral, and mesial half of the cuspid tooth. \Vith 
the dividers so set, and teeth selected to conform vvith the 
space indicated, the radius of the required circle can be 
obtained by extending the didders to cover the distal angle 
of the cuspid. In practice it is unnecessary to use the instru- · 
ment for this purpose, for the wax occlusion model should 
be so constructed that the cuspid eminence is established 
by the mouth. The student should remember that this 
cuspid eminence entirely disappears ·with the resorption of 
the alveolar process; so that the labio-naso-buccal triangle 
is his one guide in determining the width of the anterior 
teetb; also the radius of the dental circle. (Some operators 
consider that the angle of the mouth indicates the distance 
to vvhich the anterior teeth should extend. This howeYer, 
a very unreliable guide by which to determine the 1vidth of 
the anterior teeth, because of its instability and the seeming 
lack of uniform conformity between the slit of the mouth 
and the other features of the face.) The prosthetist should 
establish a mental vision of the segment of the circle de
scribed by the anterior teeth and use it as an outline 
by ·which to arrange the artificial teeth in each individual 
case. He should also keep in mind the parallelogram de
scribed by the suture of the maxilla and the cuspid emi
nence. By continuing the segment of the dental circle it is 
seen that the line not only passes along the incisal edge of the 
incisors and cusp of the cuspid, but also through the buccal 
cusp of the first bicuspid; and then obliquely across the 
sulcus of the second bicuspid, and across the mesiolingual 
cusp of the first molar (Fig. 9). In viewing the morsal 
surface of the upper denture, it 1vill be seen that if a straight 
line is drawn from the summit of the cusp of the euspid to the 
summit of the distobuccal cusp of the second molar, the 
line will fall across all the intervening buccal cusps. The 
third molar is usually deflected either lingually or buceally 
from the buccal eusp line. This buecal cusp line always 
diverges, to a greater or less extent, from the median line 
of the skull. A view should now be taken of the side eleYa
tion of the skull, and it v•:ill be seen that the teeth plane is 
identical with the diverging cusp line. Again, attention is 
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called to the short compensating plane formed only by the 
elention of the second and third molars. (Other writers 
describe a longer compensating plane "Which includes the 
eleYation of the distal cusp of the first molar, and often of 
the entire tooth.) Dr. Bonwill and his successors haYe erred 
in considering the cmTe of Spec and the compensating 
curve equiYalent one to the other. 

Truncated Cone.~In Yiewing the occluded teeth, as a mass, 
it will be seen that they present the form of a truncated cone. 
This is necessarily so because the crest of the alveolar process 
of the mandible describes a larger circle than the crest of the 
alyeolar process of the maxilla. This arrangement faYors 

FIG. 11 

concentrating the bolus of food, by g1Ymg a lateral incli
nation to the grinding teeth, the lowers being inclined inward 
(Fig. lP) and the uppers being inclined outvvard. "Csually 
the incisors, both upper and lower, incline some\Yhat outward. 
In some cases the lower incisors incline inward, and in a few 
instances the upper incisors incline inward, giving a snake
like appearance to the mouth. It is quite probable that 
this unsightl~· appearance is the result of the unfortunate 
loss of the permanent first molars in youth. Too often the 
dentist giYes this unnatural inclination to artificial dentures. 
It is rarely, if cYer, justifiable. 

l Fig. 11 from phot Jgraph o£ specimen in the \Vist<tr Institute of Anatomy. 
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There is usually an inclination of all the teeth toward the 
median line of the skull. This is partly due to the conforma
tion of the individual tooth and partly to the tilting of the 
teeth bodily in that direction. As age and especially as 
certain diseased conditions progress this mesial inclination 
prevails. 

Eruption of the Teeth.-Nature seems to have an admi
rably adapted plan for the erupting of the permanent teeth. 
This function begins with the lower first molar, upon each side 
of the mandible, at about six and one-half years of age. This 
tooth erupts in the angle formed by the body and ramus 
of the mandible. It is a wise provision of Nature, as it is the 
most fixed portion of either parabolic curve, and becomes 
the guide to the eruption and development of the entire 
dental armament. It is supported by the coronoid column 
of the ramus and causes the forward development of the 
alveolar process. As this tooth is in a fixed and fortified 
position, it directs and sustains the upper first molar through 
their interlocking cusps. These two teeth upon each side 
of the mouth being established, the other teeth must assume 
their normal position and usefulness unless interfered with 
by abnormal conditions. The dental student cannot too 
early become imbued with the importance and necessity 
of preserving throughout life the first permanent molars. 
The lower teeth are all erupted in advance of their corre
spondents in the upper dental curve (arch). For this reason 
some dentists have argued that the lower artificial denture 
should be set up first, and the upper arranged to the lower. 
This argument is not tenable, because the reason for the 
order in which nature places the teeth is entirely different 
from those confronting the dentist. Nature's foundation 
principle is to develop the jaws, while the dentist is required 
to secure mechanical leverage fOl' retention of the artificial 
substitute. As the maxilla acts as a fulcrum, the upper teeth 
must be properly and securely placed. The second reason is 
cosmetic. The upper anterior teeth have much the larger 
part in establishing the contour and expression, while the 
arrangement of the lower teeth is little more than me
chanical. 
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The Alveolar Processes.-The alYeolar processes are the 
portions both of the maxilla and mandible that support 
the teeth. They develop with the teeth and disappear with 
their loss. The alveolar processes are removed by resorp
tion. The process of removal is quite active for six months, 
after which it is much slower for six to twelve months longer, 
when it is spoken of as a settled or a permanent process upon 
which an artificial denture may be placed which is designed 
to be worn for a few years. It is the changing relation of the 
processes of the two jaws that makes the wearing of artificial 
dentures so difficult for some people. If measurements 
were to be made of the crest of the alveolar ridges of the 
maxilla and mandible soon after the removal of the teeth, it 

FIG. 12 

would be found that the radius of the summit curve would 
be greater in the mandible than in the maxilla. This is 
evident because of the truncated cone formation of the 
dental armament. As the long axis of a cross-section of the 
body of the mandible is divergent from above downward, 
it is apparent that the radius of its summit curve must 
increase with its summit recession. While the radius of the 
summit curve of the mandible is constantly increasing with 
resorption, the radius of the summit curve of the maxiHa is 
constantly decreasing, therefore increasing the difficulties 
inherent in wearing artificial dentures. As the palatal 
processes are the least changeable of any portion of the 
maxilla, the schematic drawing (Fig. 12) will explain why 
the crest of the maxillary process recedes so rapidly inward 
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as 1vell as upward. The two views of the edentulous skull 
show the result of resorption (Figs. 13 and 141

). It is cus-

Fra. 13 

Fra. 14 

1 Figs. 13 and 14 from photographs of a specimen in the collection of 
Dr. M. H. Cryer. 
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tomary to say that where resorption has continued for twelve 
to eighteen months they are in a permanent condition. 
This is only relatively so, for the processes may slowly 
continue to resorb for many years, not only until the sur
faces occupied by the alveolar processes are perfectly flat, 
but until there is an extensive concavity. This is especially 
true of the mandible. The author, in his practice, has con
structed two lower dentures in IYhich a portion of mandibu
lar surface of the base-plate of the artificial denture was 
convex to the extent of nearlv half a circle. This condition 
does not imply added difl1c~Ilties in the retention of the 
denture, but it does imply decreased substance in the man
dible and increased danger of fracture. 

THE USE OF THE MOUTH. 

Mastication.~As the first essential for a man is his life, 
so the first and most important use of the mouth is to pre
pare the materials of sustenance for deglutition and assimila
tion. The teeth are most important organs in this operation. 
The incisors cut off morsels of food of sufficient size for com
minuting between the grinding teeth. The bicuspids are 
designed especially to lacerate fibrous food, ·while the molars 
are designed to pulverize and triturate the food with the 
fluids of the mouth. It is the importance of these organs 
in preparing the food for its onward moYement that creates 
the dental profession for their preservation, and restoration 
when lost. The physiology of mastication is beyond the 
scope of this book, but its importance is so great that the 
dental student should familiarize himself with the subject 
to a greater extent, if possible, than the medical student. 
In fact, the dental student should consider that he is intrusted 
with the comfort and preserYation of the most vital organs 
of the human economy. It is a lamentable fact that the 
profession has not yet arriYed at that stage of proficienc,y by 
which the organs of mastication, in all cases, can be pre
served for use and comfort; therefore the dental prosthetist 
is necessary to provide a substitute for the lost dental 
organs. The dentist should appreciate that this office is 
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very important and not one to be thoughtlessly turned over 
to incompetent hands. The student of prosthetics should 
delve thoroughly and earnestly into the art, science, and 
esthetics of restoration that he may properly serve those 
needing his services. 

Speech.-Artieulate speech is the means by which man 
communicates his thoughts. The sounds forming speech 
are prod ueed by air passing over the vocal cords aided by 
the resonant chambers of the chest and head. The mouth 
with the tongue is the most important aid to the vocal cords. 
The teeth are important factors of the mouth in vocalization, 
as they give support and shape to the side walls (cheeks) 
and tongue. vYhen the teeth are lost, certain muscles must 
Le developed and a greater effort is required on the part of 
the speaker. With the loss of the teeth there is a permanent 
loss of certain qualities of resonance and clearness of enun
ciation that cannot be reacquired by developing the soft 
tissues. However, by the aid of artificial dentures the original 
conditions can be so nearly restored that a defect in speech 
can only be detected by the trained ear. Indeed, in some 
cases of natural defects and deficiencies of the mouth great 
improvement of the speech may be made possible by properly 
constructed artificial dentures and appliances. Artificial 
dentures may be an impediment to speech, by the base-plate 
not conforming to the parts upon which they are supposed 
to rest, thus acting as an edge to split the expelled air of 
vocalization; or the artificial appliance may be so cumber
some that it fills space required by other factors of enunci
ation. However, all deficiencies of speech observed in 
people wearing artificial dentures are not due 'to improperly 
constructed substitutes. The personal equation is an 
important factor. Thus, lisping and whistling are often 
entirely unnecessary, being faulty conformation of the 
tongue. Where the prosthetist has satisfied himself that 
the base-plate is properly fitted and retained, and that there 
is no unnecessary incumbrance to the movement of the 
tongue, he should explain and perhaps demonstrate to the 
patient that the defect in speech is due to the faulty use 
of the tongue. The proper contour and conformation of 
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artificial dentures will be considered with the technic of 
construction, and on pages 498 and 505. The object sought 
at this time is to establish the fact that artificial dentures 
are an important factor in both restoring and impeding 
speech. 

RESULTS OF LOSING THE TEETH. 

Importance.-The importance of the teeth cannot be ques
tioned. Their eruption and retention develop the lower third 
of the face, and have much to do with cosmetics. They are 
useful in the formation of speech, and, above all, they are 
necessary in preparing the intake of food. 

Results of Loss.--The loss of one or more teeth in youth will 
prevent the full development of the face and seriously inter
fere with the usefulness of the remaining ones. The loss of 
one or more teeth in adult life weakens the mesiodistal sup
port of the dental armament and exposes a portion of the 
gum to injury during mastication. The loss of the entire 
dentures makes impossible the mastication of food. There 
are a few exceptions to this statement, as there are cases in 
which the opposing jaws may be brought in contact, and, 
by use, the gum tissue becomes so toughened that the food 
can be mashed and insalivated. It is a safe statement to 
make that the loss of all the natural teeth adds ten to fifteen 
years to the apparent age of the patient, and it quite likely 
cuts off as many years of his natural life. It is the province, 
of the operative dentist to prevent these calamities, and the 
duty of the prosthetist to supply substitutes for the losses 
sustained by accident, ignorance, or necessity. 

The statement is often made that a patient can only use 
about one-fourth as much force with artificial dentures 
resting upon soft tissues as could be used with healthful 
natural teeth. This is probably true, but it should not be 
assumed that artificial dentures are only one-fourth as effec
tual as natural ones; because in no case does a patient 
anywhere near use the maximum of his power in preparing· 
and masticating the food. Hovvever, there can be no question 
but that more time is required to properly insalivate the food 
with artificial substitutes than with healthful natural ones; 
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and there is undoubtedly more temptation to bolt the food. 
The loss of the natural teeth should be cmisidered a calamity, 
but in such a misfortune one should be grateful for the 
services of the prosthetist. 

A 1vord as to the time of removing the natural teeth and 
replacing them vvith artificial substitutes. It should be 
established as a fact that the removal of the natural teeth 
at any time is more or less a shock and a strain upon the 
nervous system, and especially so if the patient is in an 
exhausted or a debilitated condition. ruder such conditions 
no more teeth should be removed than is necessary to give 
relief from pain and remove danger of septic infection. The 
dentist should be very cautious about attempting to con·· 
struct and insert artificial dentures while the patient is much 
below par in physical vigor. It is not an uncommon incident 
for the dentist to be told that "father or mother must have 
some new teeth, as he or she is failing rapidly." In these 
cases the dentist should satisfy himself that there is a lack 
of adaptation of the artificial dentures being worn, and that 
the unsatisfactory condition is not due to a lack of tone of 
the tissue, in vvhich latter extremity he cannot successfully 
insert new dentures. 

EXAMINATION OF THE MOUTH. 

Seating and Protecting the Patient.-The patient should 
be seated in a dentist's operating chair, facing a good light. 
The chair should be adjusted to the comfort of the patient, 
and tilted slightly backward. A napkin should be fastened 
about the neck of the patient as a protection to the clothing. 
If, after examination, an operation is to be performed that 
may soil the patient's clothing, a further suitable covering 
for protection should be provided. The mouth mirror and 
all instruments used about the mouth should be scrupulously 
clean. 

Cleansing the Hands.-Special emphasis is placed upon the 
cleansing of the hands. Surgical cleansing is not necessary, 
but mechanical cleansing is imperative. It is not sufficient 
that the hands have been thoroughly cleansed just before the 
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patient enters the office, but the patient should be conscious 
that the hands have been laYed either just before or just 
after he or she is seated in the operating chair. The impres
sion produced is most beneficial. The attention given the 
hands vvill cause the patient to unconsciously, perhaps, con
clude that the instruments are not only apparently clean, 
but are clean. The dentist should establish a regular course 
of procedure. His manner should be positive but gentle. 
These attentions and methods will haYe much to do ,,·ith 
securing the confidence of the patient. 

Method of Examination.-A mouth mirror, an examining 
point, a pair of cotton hYeezers, possibly a blunt probe, 
absorbent cotton, a supply of aseptic mouth napkins, and 
a water syringe should be accessible. A compressed-air 
spray is often conYenient, but is not a necessity in examina
tions, for the water syringe will take its place. The operator 
should stand at the right and slightly back of the patient. 
This position will giYe a good vievY of the mouth, and the 
person of the operator will not obstruct the light. This 
position is advantageous for manipulation. 

The first glance should obsene any inflammatory (sore) 
conditions of the lips, and then of the interior of the mouth, 
1vhen, if such exists, the operator should endeaYor to cause 
the patient as little discomfort as possible, yet be thorough. 
Should there be any suspicion of an infectious condition, 
the operator should use every precaution to protect himself, 
and after the patient is dismissed every instrument used 
about the patient's mouth should be sterilized. (Steriliza
tion is taught by another chair; however, when not contra
indicated, keeping the instruments submerged for thirty 
minutes in boiling water will be very effectual.) 

\:Yith the mouth mirror in the right hand and the assistance 
of the fingers of his left hand, every portion of the mouth 
cavern should be brought, in turn, under inspection and 
investigation. Should the operator observe that there is 
resistance on the part of the patient, such as moving the 
head or contracting the lips, he should instantly cast about 
for an explanation. He should satisfy himself that there 
is no eYiclence of filth about his hands or instruments, or 
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that he is not unconsciously pulling the patient's hair, 
pressing a cuff-button into the ear, handling the mouth in 
an awkward manner, or causing unnecessary pain. These 
possibilities of discomfort should in an instant be detected 
by thought and a glance. Having satisfied himself that 
he is not at fault, but that the patient is fearful or over
sensitive, he should endeavor to oYercome these conditions 
bv his gentle manner and kindly speech. Often the simple 
r~quest to relax the mouth, expressed in a gentlemanly 
manner, will be all that is necessary. At other times an 
assurance that the work in hand does not necessitate pain, 
an explanation of what is desired, or of the condition found, 
will place the patient at ease through the confidence gained. 

What to Look For.-The things to be observed in the 
mouth are: Hemaining teeth and roots, shape of arches and 
vault, size of maxillary and mandibular surfaces, extent 
and condition of the alveolar processes, muscular attachments 
and glandular tissue, mucous and submucous tissues, and 
fluids of th,e mouth. We will consider each of these in the 
order named. 

Teeth and good rule for the dentist to establish 
is: The difficulties of inserting, and often in using, artificial 
teeth are in the ratio to the number required. While there 
are many exceptions to this rule, it is a safe one when con
sidering the advisability of extracting teeth. Another rule 
is: A base-plate should not be placed over a root unless the 
root is used as a means for support of the artificial denture. 
Unused roots are a source of irritation, and usually add to 
the instability of the artificial denture. However, if the 
root can be placed in. a healthy condition and crowned, 
or used as an attachment for the artificial appliance, it may 
be very valuable. The advisability of retaining the cuspid 
roots as an aid to expression is very questionable, unless 
they are used for the retention of the artificial denture. In 
practice, when preparing the mouth for artificial dentures, 
the operator must often determine whether he will or will 
not retain one or more sound and firm teeth. In no case 
should such teeth be removed until their usefulness as a means 
of retaining the artificial ones has been carefully considered. 
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Sometimes a single tooth is of great value in supporting 
an artificial denture; especially is this true in the mandible. 
A single tooth in the maxilla may be of great value when the 
conditions are unfaYorable for the usual methods of retaining 
full dentures. Two teeth in either the maxilla or mandible, 
if properly located, may furnish the best possible means of 
securing the artificial denture. However, a tooth or two 
may be so located that their retention will be a positiYe 
detriment to the wearing of artificial dentures. 

It often happens that the patient places much Yalue upon 
the few remaining teeth, either for their use or cosmetics. 
If there are two teeth, one in each jaw, opposing each other, 
it is always doubtful ~wisdom to remove such; though they 
may, as they doubtless will, interfere vvith the retention of 
artificial dentures. In advising the patient, the dentist must 
take into consideration that the personal equation is an 
important factor; that the patient may be one who will neYer 
make a success of wearing artificial teeth. Hovvever, one 
factor that the patient should be apprised of regarding the 
retention of one or more incisors only is that if any move
ment of the artificial teeth occurs, it is made conspicuous by 
reason of the stationary condition of the remaining ones. 
The chapter on Retention of Artificial Dentures will consider 
the relative value of individual teeth. 

Arches and Vaults.-The student should haYe a clear 
understanding of these terms. In common parlance an 
arch is an upright structure spanning an opening, but this 
does not apply to the dental arches. The dental arch has 
reference to the parabolic curve only of the teeth. It is 
often erroneously used to designate the curve of the roof of 
the mouth. Such use either shmvs ignorance or carelessness 
in the use of accepted dental terms. Vault is the term 
used to designate the roof of the mouth, the more or less 
curved span over the tongue. The dental arches are the 
curved lines described bv the teeth of both the maxilla 
and mandible, while the ~rault is the curved line extending 
from side to side of the mouth, over the tongue . 

. The shape of the arches and vault vvill be similar in any 
g1ven case. Thus, if the upper dental arch is V-shaped, the 
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vault "\Vi11 tend toward the same conformation. This is 
easily explainable. If in infanc;r and childhood some influ
ence is brought to bear upon the outer surfaces of the 
bicuspids and molars (that is, the diverging straight lines of 
the parabolic curve), so as to compress them, it will also 
force the suture of the palatal processes of the maxilla 
upward, giving the Y-shape to the vault. Any continuous 
pressure upon the plastic osseous structure of youth will 
ha,·e its beneficial or detrimental effect. Thus, the shape 
of the dental arches and vault are similar unless they are 
acted upon by two or more opposing forces. While the shape 
of the arches and vault arc supposed to harmonize with the 
"temperament" of the individual, they may be indicative 
only of abnormalities. The curve of the edentulous alveolar 
processes and the vault will indicate the curve of the teeth 
produced through nature, but that is no assurance that the 
natural teeth ·were in harmony with the rest of the physical 
organization. Consequently the curves of the alveolar 
processes and vault are of much interest, both directly and 
indirectly, to the prosthetist. Tbe work being done by the 
orthodontists in bringing the teeth of ,youth into occlusion 
is of importance throughout life. It not only helps to pre
serve the teeth, at least to make them useful while they are 
retained, but it puts the mouth in the best possible shape 
for tbe retention of complete artificial dentures when such 
may be required. Some persons may foolishly have sound 
natural teeth removed because of their unsightly irregu
larity, and with the intent of having "beautiful" artificial 
ones inserted. If possible, before the teeth are extracted, 
tbe patient should be informed that the conditions of the 
mouth accompanying the mal-aligned teeth may add to the 
difficulties of using artificial dentures. 

The maxillary suture or raphe requires special attention. 
This is part of the median line noticed in many portions of 
the body. Usually it is little more than a slight ridge or fold 
of mucosa; however, it ma,y develop to the extent of an 
obstructive osseous tumor tbe size of a man's thumb. The 
author's belief (based on experience only) is that these 
osseous enlargements of the raphe are much more common 
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in the mouths of females than of males. If possible, the 
palatal border of the base-plate should pass about and not 
over these excessive enlargements; at least the pressure 
must be relieved the entire length of the base-plate; that is, 
even the posterior edge must be relieved. A vacuum chamber 
over any portion of this tumorous surface is more than useless. 
It only tends to concentrate the pressure upon the remaining 
portion of the tumor covered. Dr. L. P. Haskell states that 
95 per cent. of all cases requiring artificial dentures need the 
pressure of the base-plate relieved over this portion of the 
vault. 

Size of the Maxillary and Mandib'ular Surfaces.--The 
size of these surfaces is not always in harmony vvith the 
size of the individual: Sometimes a very large maxilla is 
associated with a small physical organization and mouth 
orifice; at other times the reverse occurs, and occasionally 
one is large and the other small. These var,ring conditions 
will influence the construction and vvearing of artificial 
dentures. These conditions should be \Yell noted in examining 
the mouth. The size of the maxilla and mandible is an impor
tant factor in retaining artificial dentures; other conditions 
(shape, soft tissues, tone, and fluids of the mouth) being 
equa.l, the amount of retention will be in· the ratio to the 
flat surface (base-plane) covered. In estimating the amount 
of retention surface that may be of Yalue in retaining a 
base-plate, only that portion through ·which direct pressure 
is brought to bear upon the maxilla or mandible should be 
considered. In those cases where the maxillarv alveolus 
flares outward the crest of the alveolus should vdefine the 
border of the base-plane. The buccal surface of this class 
of alveolar process will only serve to prevent lateral move
ment of the base-plate covering it, vvhich, aided by the soft 
tissues, will exclude the air, and thus be of value in reten
tion. The diagrams (Fig. 15) representing cross-sections of 
maxillao will make clear this idea. The arrow points indicate 
the distance to ·which direct pressure may be applied, and 
the clotted lines indicate the relative base-planes. As the 
base-plates rest upon the soft tissue, it is obvious that 
pressure brought to bear upon it in the proximity of one arrow 

4 . 
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only will be concentrated, and tend not only to dislodge 
the base-plate, but to bruise the supporting soft tissue; 
\vhile pressure applied at any point approaching the median 
line will be more diffused over the base-plate, and conse
quently present greater resistance and better retention. 
This demonstration shows that the common statement that 
a flat Yault is unfavorable for retaining artificial dentures 
is not well founded. The poor retention often observed 
in such cases is due to other causes and often to faulty 
technic only. 

Alveolar Processes.-An earlier section of this chapter 
treats of the applied anatomy of the alveolar processes; this 
section will treat of them as supports for artificial dentures. 

FIG. 15 

"When a number of teeth have been recently extracted, in 
common parlance the gums are spoken of as fresh gums, and 
when resorption has taken place they are called permanent 
gums. In a few clays (seven to twenty-one) after the teeth 
have been extracted the gums will have closed over the 
alveoli, but the gums are not in a condition to withstand 
much pressure, yet they are in shape for temporary artificial 
dentures. ::\o matter of what material the base-plate is 
constructed, vl'hen it has been constructed for fresh gums, 
the artificial denture should be considered as temporary. 
As the alveolar process recedes it ceases to properly support 
the artificial denture. The denture may become very 
insecure, and often irritates the tissues severely. During 
this process of resorption the base-plate may require refitting 
once or twice; however, when the artificial denture has been 
worn from twelve to eighteen months a new one should be 
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constructed. This is necessary to secure proper adaptation 
of the base-plate and for restoring the contour of the soft 
tissues. 

As the soft tissues (after extraction) close oyer the alYeoli 
a very irregular surface may present, from portions of the 
process haYing been sprung out of position, or possibly 
fractured to the extent of separation. In such mishaps the 
loose pieces should be remoYed at the time of extracting 
the teeth, or as soon thereafter as discoYered; because the 
detached portion v;ill not be resorbed by the physiological 
process, but assumes a pathological import. So long as the 
displaced portion of process is Yitally connected with the 
bone structure, the physiological action will dispose of it. 
JVIeanwhile the pressure of a base-plate may be a source of 
much irritation, and will necessitate cutting away sufficient 
of the base-plate for relief. 

A \Yell-retained artificial denture must htwe its greatest 
bearing as near the periphery of its inclosed base-plane as 
possible. 

\Vhen the process of resorption is practically complete, 
seYeral conditions may be present that should be obserYed. 
The process may be Yery prominent, so that the lip is full 
enough, and the absence of the teeth not noticeable when 
the patient is not speaking. In such a case, when laughing, 
the edentulous subject may show from a line to a quarter 
of an inch or more of the natural gum. Cases of this kind 
need no artificial gum to restore sunken lip and cheeks. 
Indeed, they probably present, when not speaking, a much 
improYed appearance from that possessed IYith the natural 
teeth. The artificial denture should be constructed without 
a gum portion as far back as the indiYidual case shall require. 
This may require no artificial gum oYer the two central 
incisors, the four incisors, the incisors and cuspids, or, in 
extreme cases, no gum portion may be tolerated anterior 
to the first molars. The artificial teeth in these cases must 
be ground to set closely against the gum, indeed, press into 
and apparently grow from the gum. They may be placed 
with their labial surfaces in line vYith the crest of the process. 
or they may be carried outward and lap well over the process. 
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The diagrammatic sketch (Fig. 16) illustrates these con
ditions. 

The vast majority of cases may be classed as regular, and 
present no complications. 

The resorption may continue until the process is almost 
extinct, when it is classed as flat. The methods of handling 
these cases will be discussed in technic methods, especially 
the technic of impressions. 

Fra. 16 

The process 1vhen receded may he broad or narrmv. The 
broad alveolar ridge is ordinary, and the thin (knife-edged) 
ridge is only too common. They are a constant source of 
annoyance. In time the thin alYeolar process disappears, 
leaying a pendulous, flabby gum. The base-plate should 
not be permitted to rest upon the sharp edge. 

Sharp ridges may appear upon any portion of the process, 
especially upon the lingual aspect of the mandible. They 
will not tolerate the pressure of a close-fitting base-plate. 

~odules from the size of a millet seed to a lima bean, or 
larger, may appear on any portion of the maxilla or mandible. 
If they are to be covered with a base-plate the pressure must 
be removed from their entire extent. This can be clone with 
one or more layers of~ o. 60 tinfoil. 

Firm or pendulous: The firm gum consisting of an even 
layer of soft tissue is the desirable. condition, but the pendu
lous and spongy gums indicate complications, and the extent 
of such complications must be ascertained. 
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Muscular Attachments and Glandular Tissues.-These may 
be observed and their obstructiveness may be judged by 
distending the cheeks and lips, and having the patient raise 
the tongue to the roof of the mouth. The sublingual and 
especially the submaxillary glands may interfere ·with ob
taining a perfect impression of this portion of the mandible. 
The submaxillary gland may entirely cover the bicuspid and 
first molar portion of the mandible. The impression must 
be obtained of the surface upon ·which the gland rests and not 
of the gland. The method of doing this will be considered 
in the chapter on Impressions. The muscles and frena 
attached to the maxilla and mandible have already been 
considered, but on examining the mouth the location of their 
attachments and any obstruction they may present should 
be carefully observed. 

Mucous and Submucous Tissues.·-The mucous membrane 
covers the entire surface of the mouth. It is underlaid with 
more or less submucous tissue. The condition of these tissues 
is an important factor in retaining artificial dentures, and 
requires observation. \Yhile all the preceding organs and 
tissues ·which we have mentioned for investigation in examin-

the mouth are inspected by vision, and in a fevv instances 
by touch (either finger or instrument), the tissues (mucous 
and submucous) under consideration can be determined 
only by the sense of touch. It will be found that in some 
mouths the mucous membrane is verv firm and tense over 
the \vhole surface upon which artifi~ial dentures may be 
worn; in others, that this membrane is largely underlaid 
with submucous tissue of more or less thickness. It is this 
class of cases that afford the greatest retention provided 
other conditions are favorable, and the submucous tissue is 
not excessive. A third class consists of those cases in which 
a portion of the surface is covered with tense mucous mem
brane and other portions are underlaid \Vith submucous 
tissue. These three classes play an important role in the 
method of taking impressions and the method of securing 
the retention of the base-plate. They should be carefully 
examined. 

Fluids.--The fluids of the mouth consist of a mixture of 
the saliva and mucous secretion. They may be in moderate 
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amount, or they may be excessive; they may be thin, or 
thick and ropy. The thin, watery fluid and in moderate 
amount is the most favorable for good retention of artificial 
dentures. \Vhen the fluid of the mouth is excessive and 
strings from the mouth as an impression tray or an artificial 
denture is removed, it may be considered as an unfavorable 
factor. The thick secretion preYcnts that close adaptation 
necessary for the strongest retention. 

Recapitulation.-Having a definite knowledge of what 
conditions may be found in the mouth, the examination is 
simple and expeditious. Ordinarily no record is made of the 
examination; however, much valuable information could in 
time be acquired if blanks were used for systematic work. 
\Vhen the prosthetist examines the mouth he desires to know 
the conditions presenting, so that he may determine at once 
whether it is an ordinary or a complicated case. The patient 
being comfortably seated, and facing good light, the operator 
makes a momentary visual and digital examination. By 
this preliminary examination he determines whether there is 
anything out of the ordinary that may complicate the work; 
if so, it must be given careful consideration. If he sees no 
complications, such as inflammatory conditions (sores), unde
sirable teeth or roots, ill-shaped arches or vault, disproportion 
behveen the maxilla and mandible, unfavorable muscle or 
frena attachments or gland complication, and no mucous 
and submucous tissue or fluid complications, he diagnos
ticates the case as ordinary or simple, with success contin
gent only upon his technic and the personal equation of 
the patient. The prosthetist then determines the kind of 
restoration indicated, whether a bridge or an artificial 
denture, and the variety of either desirable or permissible. 
If there are complicating conditions present, he determines 
vvhether they are corrective or not, and, if not, how best to 
circumvent the difficulty. Having a clear conception of the 
requirements of the case, the prosthetist consults with the 
patient, as the involved expense may be prohibiti\T. An 
artificial denture supported upon a base-plate having been 
determined upon, the next step will be to take a suitable 
impression. 



CHAPTER II. 

1:\IPRESSIO~S. 

Definition.-An impression is a negative likeness of an 
object or part taken in a plastic material, form vvhich a 
cast or positive likeness may be produced. 

Scheme.-When the prosthetist determines to construct 
a base-plate artificial denture, he at once decides upon its 
general form and extent of surface to be covered with the 
base-plate. He also forms a tentative plan for retaining the 
artificial denture. This plan for retention may be altered or 
abandoned, as a result of a future critical study of the case; 
nevertheless, a definite scheme must be in mind before taking 
the impression, because an impression suitable for the con
templated appliance should be obtained. An impression 
that is most desirable for orthodontia may be entirely inade
quate for prosthesis; and certainly an impression that is 
desired by either the orthodontist or the prosthetist may be 
distorted for the other. This statement is made to impress 
the student with the fact that an impression is not necessarily 
an exact negatiYe likeness of a part, but it must be perfect 
in its suitableness for the work in hand. The soft tissue 
is the factor that creates the variableness in impressions. 
Rarely is an impression perfect for its intended use unless 
the soft tissues are, to a greater or lesser extent, distorted; 
nevertheless, this distortion must be suitable for its intended 
purpose. The methods herein detailed are for base-plate 
work. However, there is much in common in impression 
taking for all specialists. The extent of the impression 
should be governed by the kind of an artificial denture 
required, whether a partial or full, a saddle or adhesi~n 
base-plate. The impression should extend a little farther m 
every direction than the contemplated base-plate; but any 

(55) 
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excessive extension causes unnecessary discomfort to the 
patient, and indicates indifference or thoughtlessness on the 
part of the prosthetist. Therefore a definite scheme or 
plan of procedure should be devised for the case in hand, and 
good workmanship requires that every step shall be neatly 
and accurately performed. This is a fundamental principle 
of mechanics, and, as a profession is superior to a trade, the 
prosthetist should show superior manipulation. Another 
thought for the young student of dentistry is this: There is 
no legerdemain associated with prosthesis, the profession 
being only an expression of cause and effect; therefore it 
behooYes one to cultivate thoughtfulness and thoroughnesc; 
in manipulation. 

NKw ScnEJ\'JE. 1~}Iodern ideas of impression taking are 
undergoing a radical change, or rather, there is a radical 
change in the appreciation of some old ideas. The new 
appreciation is that: With full dentures-that as large an area 
as possible ?mLst be covered, that the periphery of the denture 
must extend upon yieldable tissue sufficient to form a valve-like 

1 Great credit should be given the late Dr. J. IV. Greene and iY[r. Samuel 
G. Supploe for their improvements in materials and technic, also for the 
strenuous work they have done in teaching their improved methods to the 
profession. The underlying principles are not new. However, these men 
have devised an improved technic by which they used modelling com
pound in such a way as to emphasize the illy understood fundamental 
principles of retention. These men are entitled to much credit for the 
stupendous work they have done in arousing the profession to the possi
bilities of retention for full dentures. Nevertheless it is regrettable that 
they did not comprehend and with their splendid energy teach the under
lying principles of retention and impression taking, in place of devoting their 
efforts to the technic of a material. Unfortunately the material with 
which they have labored, although it has much value as an aid to the pros
thetist, is the most difficult to manipulate, and is also deceptive in the results 
obtained. It is the desire of the writer of this book to present the physics 
and technic of both retention and impression taking, in such a manner, 
that the reader may have a comprehensive and discriminating understand
ing of the relative value of the various materials and methods. 

Again, the writer of this book wishes to emphatically express and aclmowl
edge his obligation to these men as his teachers; but he feels it a duty to 
correct gross errors in their teachings, His contention is for truth, but he is 
not in any way opposing men. 

Bryant has well said: 

"Truth crushed to earth shall rise again; 
The eternal years of God are hers." 
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contact, and that there 1Jnlst be contact u·ith the entire area covered 
by the base-plane. 

The technic of the methods inYolved with these modern 
methods will be presented in this chapter, and the philosophy 
of the methods will be discussed in the chapter on Hetention. 

MATERIALS. 

The materials used for taking impressions, making casts, 
and occlusion and contour models need careful consideration 
that they may be intelligently manipulated, thereby securing 
the best results. 

There are two classes of material used for taking impres
sions: First, those substances made pliable by heat and that 
harden on cooling; and second, materials made plastic with 
\Yater and that harden by crystallization. \Yax, modelling 
compound, and gutta-percha are the materials of the first 
class, while plaster of Paris is the one material of the second 
class. 

Wax.-Wax is a general term applied to a solid fatty sub
stance obtained from all three of the kingdoms of matter. 
The gener11l properties of the various substances called wax 
may be stated thus: They are solid or semisolid substances; 
are easily broken ·when cold, but at a moderate heat are 
soft and pliable, and fuse at a temperature below 212° F. 
They have a peculiar glistening appearance, are lighter than 
water, are insoluble in that fluid and in cold alcohol, but 
dissolve readily in ether; they are combustible, burning \Yith 
an illuminating flame, and are non-volatile. 

Beeswax.-Beeswax is an animal secretion formed by 
bees from sugar, and is the material of which the honey
comb is formed. It is obtained by expressing the honey and 
fusing the residue in vmter. In this state it is of a yellowish 
color (Cera flava). It may be bleached, so as to form white 
wax (Cera alba), by being exposed in thin slices to the action 
of solar light. The yellow wax is firm, breaking with a gran
ular fracture, yellowish, haYing an agreeable honey-like 
odor; not unctuous to the touch; melts at about 175° F.; 
is insoluble in alcohol, but dissolves in oil of turpentine, 
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ether, and chloroform. It is of a complex formation, and a 
number of derivatives are obtained from it. C18H 920 2 is 
considered as its general composition. 

Vegetable Wax.-These waxes may be obtained from se\;eral 
varieties of plants. They are of no Yalue to the dentist. 

Mineral Wax.-This is a natural material known as ozo
cerite, and is a waxy translucent mixture of the paraffins 
of coal formations. The paraffins haYe a chemical formula 
of Cni-Izn + 2• The natural mineral wax (earth wax) may be 
used, but the manufactured mineral wax (paraffin, a by
product of the distillation of coal and petroleum) is exten
sively used in the dental laboratory. It is used in sheet form 
as base-plate wax, also combined with beeswax. 
~Wax is softened for use by heating in hot water or a flame, 

and kneading with the fingers. If the wax is to be softened 
in water, small lumps should be placed in a dish containing 
a quart or two of cold vmter, then as the water is heated 
the heat will penetrate the wax and not melt the surface 
only, as would be the case if the lumps of wax were placed 
in hot water. As the wax softens it is removed from the 
water, dried upon a cloth and kneaded between the fingers 
until it is smoothly plastic. Should the softened wax 
become too hard for its intended use it may be again warmed 
in the water or passed a few times through a smokeless 
flame. The dry-heat method of vvorking wax consists in 
having the vmx from / 6 to t inch thick and passing it re
peatedly through the Bunsen flame and kneading between 
the fingers. It is reheated and kneaded until it is of the 
proper plasticity. Should it be overheated upon the surface 
it will appear crumbly, but soon becomes smoothly plastic 
by kneading. Beeswax adulterated with tallow may be 
detected by the oclor and greasy feeling. Such wax is not 
suitable for dental purposes. 

Wax may be easily made into sheets of any thickness by 
the clipping method. The wax is melted over water in a 
double pan (that is, one pan set in a larger pan containing 
water, thus lessening the danger of ignition); \Yhen it is 
thoroughly melted and any dirt it may have contained has 
settled, a flat quart bottle containing cold water is dipped 
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into it and instantly removed. \Yhen the layer of wax upon 
the surface of the bottle has chilled, it should be slit upon the 
sides and at the edge of the bottom of the bottle, when it 
can be stripped from the glass. Sheets of varying thickness 
may be made by dipping repeatedly. 

IVIodelling Compound.-This material is a composition of a 
resinous gum, as copal, dammar, etc., with stearin and French 
chalk, colm·ed and fiavored. 

In the Zahnarztliche Runclschau, Berlin, January, 1913, 
Dr. F. Schoenbeck, of Leipzig, says: 

"The plastic impression materials used in dentistry are 
composed chiefly of resin and stearin, to which, for the 
sake of obtaining a certain consistence, fillers, such as talcum, 
are added. Some dyestuff and a fe"w drops of an ethereal 
oil improve appearance and taste. Under a lo,.v-pmver 
microscope these materials present the picture of a uniform 
surface, permeated with fatty acid needles, particles of 
coloring matter and grains of the filler employed. Besides 
these \Ye observe more or less dissolved resin particles, 
vvhich are easily recognized by their yellow color. The size 
of these resin particles directly influences the plasticity of 
th~ material, which should possess the follmving properties: 
It should soften at a temperature higher than that of the 
mouth, should possess great plasticity, uniform structure, 
should give a sharp impression, should not stick, should 
harden quickly in the mouth, and should not contract or 
expand to any great extent, though a slight expansion is 
not detrimental. The temperatures at which the various 
impression materials tested became soft and workable 
varied betvYeen 41 o and 45° C. The size of the grain of the 
filler employed greatly influences the plasticity of the ma
terial. The amount of contraction in an impression com
pound can be determined: First (and unsatisfactorily), by 
a ruler and calipers; second, by the micrometer. The tests 
carried out by the writer 1vith the micrometer method 
shmYed, in the Yarious brands examined, a Yariation in 
contraction of from 0.005 to o.m5 mm. For very delicate 
measurements he uses a telescope, the lens of which is 
provided with a micrometer scale. 
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"On the whole, the volumetric changes in impression 
materials do not differ very widely,· since a difference in 
temperature of only about 20° is to be reckoned with, the 
various materials being workable at from about 40° to 60° C. 

"If placed in boiling vvater, the composition of modelling 
compound is altered entirely. Fatty acids and resin particles 
are dissolved or melted out, and the change in the quanti
tative ratio of the materials contained in the compound 
naturally alters the physical behavior of the mass. 

"In order to obtain a homogeneous, plastic mass, the 
softened compound should be kneaded thoroughly, micro
scopic examination showing a much more uniform dis
tribution of the filler in the kneaded mass. Kneading also 
discloses any large particles of resin vvhich may be imbedded 
in the compound, and which can be easily removed before 
taking an impression." 

A formula and instruction for compounding, attributed 
to Mr. E. Lloyd Williams, of London, England, is as follows: 
French chalk, H parts; kauri, 1 part; stearin, H parts. 
Melt the stearin in an enamelled pan and stir in the gum. 
When these are thoroughly incorporated stir in the chalk. 
This material will be of a yellowish-white color. It may be 
eolored with carmine and flavored as desired. :\Iodelling 
compound is much used in taking impressions, for trial 
base-plates, and occlusion and contour models. 

:\Iodelling compound is softened in \Vater after the manner 
described as the wet method for softening wax. The surface 
of the compound, just before placing in the mouth, should be 
passed over a flame. As the softened modelling compound 
is liable to adhere to the bottom of the pan, it is a good plan 
to place one end of a strip of white paper in the pan for the 
compound to rest upon. The other end is a convenient 
means for vvithdrawing the compound from the hot water. 

Gutta-percha (gatah, gum; percha, the tree from which it is 
obtained).-The gum is in many respects similar to eaout
chouc. The former is only slightly elastic, while the latter 
has almost perfect elasticity. Gutta-percha is the dried 
milky juice of a tree, Isonandra gutta, growing in the Ma
layan Archipelago. The material may be had at the dental 
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supply houses in sheet form. It is considerably used for 
trial base-plates, and formerly >Yas much used for taking 
impressions. Its use for this purpose has been, of late years, 
superseded by modelling compound, a superior material. 

Plaster of Paris. 1-Plaster of Paris is made from the mineral 
called gypswn. This mineral is found in various forms, as 
massive or rock gypsum; alabaster, a pure white, fine-grained 
massive gypsum; and selenite, a crystalline, almost trans
parent gypsum. The chemical composition of pure gypsum 
is CaS04+2H20. Therefore pure gypsum is a hydrous 
sulphate of lime, made up of one molecule of calcium sulphate 
combined with two molecules of water. This, when reduced 
to percentages of weight, corresponds to the following: 

G ,1 . (C SO +ZI:I·O) _ { Li.me sulphate (CaSO,) 
0 Jsum a 4 2 - vYater (H20) 
. (Lime (CaO) 

Lnne sulphate = l Sulphur trioxide (SO,) 

79. 1 per cent. 
20.9 per cont. 

Gypsum is rarely found chemically pure. The usual im
purities are silica, alumina, iron oxide, calcium carbonate, 
and magnesium carbonate. rsually these impurities do not 
attain a Yolume of 3 per cent., and are often less than 1 per 
cent. Gypsum is prepared for the market by grinding and 
burning, and mixing IYith accelerators and retarders. The 
products of manufacture are designed for a definite purpose, 
and cannot be interchanged adYantageously. The dentist 
should haYe a general knowledge of the various gypsum 
products, so as to select his plasters intelligently. 

Classification of Plaster.-" A. Produced by incomplete 
dehydration of gypsum, the calcining being carried on at a 
temperature not exceeding 400° F. 

"1. Produced by the calcining of a pure gypsum, no foreign 
material being added either during or after calcining. Plaster 
of Paris. 

1 The authorities for this general sketch of plaster of Paris are: Cements 
and Plustors, by Edwin C. Eckel, C.E., published by .John Wiley & Sons, 
New York, 1907: Calcareous Cements, by Gilbert R. Redgrave and Charles 
Spackman, published by Charles Griffin & Co., London, 1905. 
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"2. Produced by the calcining of a gypsum containing 
certain natural impurities, or by the addition to a calcined 
pure gypsum of certain materials ~which scn·e to retard the 
set of product. Cement plaster. 

"B. Produced by the complete dehydration of gypsum, 
the calcination being carried on at a temperature exceeding 
400° F. 

"3. Produced by the calcination of a pme gypsum. 
Flooring plaster. 

· "4. Produced by the calcination, at a red heat or m·er, of 
gypsum to which certain substances (usually alum or borax) 
have been added. Ilard-finish 1Jlaster." 

In the trade these names are used extensiYely, but at times 
in a careless and indefinite fashion. Calcined plaster cmn
monly means a burned plaster to which no retarder has been 
added. It may be either plaster of Paris or ce1nent plaster. 
Stucco zJlaster is less finely ground than plaster of Paris, and 
usually is not made of as pure a quality of gypsum. Wall 
plasters are made by adding not only a retarder, but some 
kind of fiber, to calcined plaster. Keene's, Martin's, and 
J\Iack's cements are hard-finish plasters variously treated with 
such substances as alum, borax, borax and cream of tartar, 
potassium carbonate, and potassium or sodium sulphate. 

Chemistry of Gypsum Burning.-If pure crude gypsum is 
heated to a temperature of more than 212° F., and less than 
400° F., a certain definite portion of the water of crystalliza
tion will be driven off, and the gypsum thus partially dehy
drated will be plaster of Paris. Plaster of Paris has the for-· 
mula CaS04+~HzO, which equals calcium sulphate (Ca~04), 
93.8 per cent., and water (H20), 6.2 per cent. Dehydration 
to this extent can be accomplished at any temperature 
between 212° F. and 400° F., but for economy of fuel and 
time it is usually carried on at the highest allowable tempera
ture; and 330° to 395° may be regarded as the usual limiting 
temperature for plaster manufacture. The late Prof. Essig 
stated that "the highest-grade dental plaster is calcined 
at about 261° F." The writer has been unable to confirm 
this statement, for the manufacturers refuse to give this 
information, saying that the temperature used is their 
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trade secret. Several of the manufacturers state that their 
dental plasters arc calcined from the purest selected rock 
obtainable, and that no accelerator nor retarder is added. 
It is quite probable that the difference in the various dental 
plasters upon the market is largely physical and not chemi
cal; and are dependent upon: (I) degree of dehydration; 
(2) degree of pulverization, and (3) blending plasters of 
various degree of dehydration and pulverization. About 
400° F. is a critical temperature, for if gypsum be heated 
much above this it loses all of its water of crystallization, 
becoming an anhydrous sulphate of lime, and useless as a 
normal plaster. ruder certain conditions, however, "dead
burned" gypsum gains certain properties, and forms flooring 
and hard-finish plasters. Partially dehydrated gypsum has 
the property of taking up the lost water of crystallization 
and setting or recrystallizing. If the gypsum is pure and 
unmixed with retarder, the setting of the plaster will be 
complete in a few moments, while dead-burned plaster, as 
such, is spoken of as non-setting; however, it does set, 
but requires hours for the initial set and weeks for complete 
hydration. 

There are three methods of calcining gypsum, known as 
the kettle, oven, and rotary-cylinder processes. So far as 
the writer has been able to learn, the kettle process only 
is used in America for manufacturing dental plasters; but 
the rotary cylinder is extensively used for building plasters. 
It is reported that the oven and kiln are in Yogue in Europe 
and England. The rotary-cylinder process is an improved 
method of recent years. 

Grinding of Gypsum Products.-Grinding is an important 
factor in the manufacture of gypsum products. In the kettle 
process the rock is first ground and then roasted, vvhile in 
the oven and the rotary-cylinder processes the rock is 
broken into convenient-size masses, roasted, and then ground. 
The use for ·which the plaster is designed will determine its 
fineness. HoweYer, it is a factor only, as the finest plasters 
to he obtained are much slower setting than some coarser
ground ones. Eckels states that: "A dust chamber located 
above the rotary calciner catches the most finely ground 
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plaster, which is marketed for dental plaster and other 
special purposes.'' 

The Theory for the Setting of Plaster.-::\1. Le Chatelier has 
formulated a new theory, based upon the phenomena of super
saturation investigated by ::Vlarignac. This observer has 
shown that: "Hydrated calcium sulphate with half an 
equivalent of water, which remains undecomposed at a tem
perature of about 310° F., dissolves freely when shaken up 
·with vvater, but that after a short interval the solution 
becomes turbid. This is due to the formation of a crvstal
line precipitate of the common hydrate with two equiv~lents 
of water, which has the formula of gypsum. The solution 
formed in the first case is five times as concentrated as that 
made from the less completely hydrated sulphate. [t 1vould 
appear from this that the most important agent in the 
accomplishment of the setting process is the relatively 
soluble hydrate, namely, that with a small percentage of 
water. This hydrate is at once dissolved, and then gives 
rise to the formation of the other hydrate, >vith the full 
equivalent of water. The latter compound decreases the 
solubility of the mixture, and the water becomes super
saturated with the CaS0.2I-I20 hydrate, which crystallizes 
out. This process continues so long as there remains any 
of the soluble hydrate [2 (CaS01)Hz0] to fortify the solution. 

"The set of plaster is thus the result of two distinct series 
of operations, which take place simultaneously: First, the 
particles of calcium sulphate in the act of hydration are 
dissolved in the water used to gauge them, and produce a 
supersaturated solution; the solution thus formed deposits 
crystals of the hydrated sulphate. These crystals gradually 
increase in size, and form a compact mass in the same way 
as do all similar crystals deposited slowly from a saline 
solution, and this process is continued as long as any of the 
more anhydrous sulphate remains available to become 
dissolved and to keep the solution supersaturated." 

Properties of Dental Plaster.-Gypsum products, to be 
suitable for dental purposes, should possess certain properties, 
and a special brand is of value only as it meets the require
ments. It should be free of all foreign substances (as dirt 
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and fibrous matter), sufficiently ground to form a smooth 
mix, quick setting, generate but little heat, minimum of 
change of form while crystallizing, and sufficiently resisting 
to any stress to which it may be subjected. 

There are three different requirements ·of practice that 
make a demand for as many classes of plaster: (1) for 
impressions the plaster should be quick setting, expand but 
little (not contract), and easily broken; (2) for casts the 
plaster should be as little changeable while crystallizing 
and under stress as possible; and (3) for fiasking and luting 
a medium between the preceding two is required. However, 
the first class of plaster may well, and can, be dispensed 
with by adding a chemical substance to a well-chosen third
class plaster, and is used for impressions. 

In fact, a strictly impression plaster is a dangerous article 
in the laboratory, as it is unfit for casts and fiasking and 
is too apt to be improperly used. The addition of sodium 
chloride or potassium sulphate to a high-grade suitable 
plaster for fiasking answers well for impressions. 

See pages 66, 68, 69, and 70 for two tabulations designed 
to illustrate the physical and working properties of, as it is 
believed, the leadil}g brands of dental plaster used in America, 
England, and Europe: 

The first table has to do vvith the amount of moisture 
absorbed from the atmosphere after calcining and the 
percentage of the degrees of fineness of the product. Fifty 
grams of plaster is dried and weighed to ascertain the per
centage of moisture that has been absorbed. It is then 
placed in a tier of sieves and racked for five minutes, when 
each portion is weighed and expressed in percentage. The 
plaster is permitted to stand exposed to the atmosphere 
of the room, when it is again weighed, and the loss represents 
the amount of moisture not reabsorbed, and the loss of 
material in handling, which is the larger part of the loss. 
The last column indicates time in hours. The first line of 
data may be read: French's impression plaster (White's is 
the same), dried for two and one-half hours at a temperature 
varying from 220° to 240° F., lost 3.7 per cent. (moisture), 
and after sieving there remained 5.68 per cent. of plaster 

5 
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upon the 50-mesh, 21.80 on the lOO-mesh, 4G.07 on the 150-
mesh, 24.77 on the 200-mesh, and 1.11 on the bottom. 

TABLE I. 

eft 

11 
~ ] 

.~ 

Degree of pulverization. ~ 
~ 

~ 

s ~ 

:0. .!! 

~ '0 '0 
ill s 0 0 

~ ;:Q >-1 

French's Impression 
\Vhite's Impression 1.11 1. 48 24 z_l_ 
French's Regular 220 ' 
White's Cast 245 3. 30 7.83 34.45 ·15' 17 12.28 0.25 1.18 18 

French's Slow 2 
240 
264 3.32 7.29 31.60 52.67 7.14 1.26 1. 60 15 

2 I 
Spence Plaster Compound 216 

1.80 1!8 222 3 04 16.35 49.60 26 05 6.34 1.44 

Ncwburg Green Star 3J 
6.50 I 17.27 l. 66 40 260 3' 10 10.24 34.73 34.90 

King's 1 
220 
230 3.40' 1.05 22.64 43' 19 23.38 9.71 1.56 30 

Keystone Impression 
3 

6.30 I 2.18119.73 260 0.21 27.81 49.81 1. 68 27. 

Keystone Cast 
2 

41.75 ! 300 5.16 1.23 8. 78 9. 68 1.88 48 

Nephi, Utah . 3 
220 2.00 3. 69 14.27 21.64 i 24.07 36.32 0. 90 23 

Demare, Charticr & Co., France 
2 

200 
Impression and Cast . .' 240 2.86 4.72 57.22 35.63 6.22 2.19 3.26 12 

Rapp & Reitenbach, France, 
3 

230 
Casts 240 4.38 5.28 35' 61 ·12.87 12.90 3.31 4.66 

The Gips-Union, Zurich Casts 
3 

220 5.06 0.42 21.22 44.88 22.66 10.85 5 '76 
245 

Stolnbrock, Germany, Casts 
4 

220 0.50 2.81 16.15 27.87 23.61 29.56 0.60 
240 

Alabaster Gips, Germany 
5 

220 2. 73 7.02 36.70 3.11 0. 57 0.48 48 
240 

Mountain & Son, Leeds, Eng-
4 

230 6.50 16.80 19.58 4. 65 4. 96 3.46 22 
land, Casts . . . . . 2t 

Bcllman, Joey & Carter, Lon- 200 3.04 15.65 23.63 2.60 0.35 2.06 18 
don, ImpressiOn . . . . 240 

3 

Twenty-four hours later there ·was a loss of 1.48 per cent. 
of the original 50 grams of plaster. 
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The second table records experiments m setting, con
traction and expansion, and compression. The first column 
indicates the brand of plaster, the ratio of 1vater to plaster, 
and, if an accelerator is added, the number of grains (Troy) 
to the ounce (weight) of ~water. The second and third 
columns indicate the number of minutes for initial and hard 
set respectively. The upper figure in the fourth column is 
the number of points (0.0001 of an inch) contraction to the 
lineal inch, and the lower figure the number of minutes in 
which contraction took place. The fifth column is the num
ber of minutes elapsing between placing the plaster in the 
instrument and the beginning of expansion; the following 
three columns, the number of points of expansion to the 
lineal inch in fifteen, thirty, and sixty minutes respectively. 
In the next column the upper number indicates the points 
of expansion attained in the time (hours) expressed in the 
luwer number. The following four columns give the amount 
of compression in hventy minutes, thirty minutes, one hour, 
and twenty-four hours after mixing, upon a confined mass 
of plaster approximate!~, nine-tenths inch thick. The upper 
figures indicate the number of pounds pressure applied to a 
circular surface one-half inch in diameter, and the lmver 
figures the percentage of compression. In the remaining 
two columns the figures indicate weight, percentage of 
compression and time. The setting time was ascertained 
by aid of the Gilmore needles. \Yhen the setting plaster 
,,.ill sustain, without indentation, a needle weighing ~ 
pound upon a point 1\r inch diameter it is said to have 
attained initial set; and when it will sustain the needle of 
1 pound weight upon a point of inch diameter it indicates 
hard set. The instruments for measurements of contrac
tion, expansion, and compression are \Yell made and reason
ably accurate; certainly the resulting figures are equitable 
for comparison, subject to the personal equation of the 
operator only, which \\'as the writer. The figures under the 
name of the brand of plaster indicate the ratio of water 
and plaster by weight, as water 1 part and plaster from 1 t 
to 4 parts as indicated. The amount of accelerator indi
cates the number of grains to the ounce (Troy) of water. 
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The method of mixing consisted of placing the weighed 
water (and accelerator when used) in the bowl into which 
the entire amount of plaster to be used for the mix is placed 
and quickly agitated with a spatula until smoothly mixed; 
however, avoiding excessiYe stirring. The impression plasters 
are treated only with a mix of 1 of water to H of plaster, 
as this is the best consistency for impression taking. For 
all other uses (than impressions) plaster should be mixed 
thicker, and when but one mix of a brand of plaster is tested 
it is the one the writer believes is the best for the brand. 
In studying this chart it is well to keep in mind that the 
lower the contraction and expansion the better for all uses; 
but in strength (as indicated by compression), a weak plaster 
is desired for impressions, and for all other purposes the 
stronger the plaster the more desirable. (~ otice that the 
strength of the plaster decreases with the increased percentage 
of compression.) It is obvious, from this chart, that the 
larger the ratio of plaster to water the quicker setting and 
greater strength; also, unfortunately, the greater expansion. 
Also, that the addition of sodium chloride hastens the setting 
and reduces the strength, and that potassium sulphate 
hastens the setting and reduces the expansion and strength. 

The plasters manufactured by the S. H. French & Co. are 
extensively used by the profession in America, therefore 
careful study should be given them. The impression plaster 
without an accelerator is quick setting and unnecessarily 
strong for impression, but too weak for any other purpose. 
It is very much improved by the addition of accelerator, 
but is entirely unfit for any purpose other than impressions. 
The "Hegular Dental Plaster" with an accelerator and 
mixed thin is a very good substitute for the impression 
plaster. However, it does not set quite so quickly and is a 
trifle stronger than necessary; nevertheless, it expands less. 
The slo·w-setting plaster is a delusion and has nothing to 
commend it. It is made to comply with certain ideas enter
tained by the profession in that a slovv-setting plaster is 
stronger and better for casts. It is true it is stronger than 
the regular dental plaster, but because of its slowness of 
set the workman is liable to work upon it before it has 
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attained the strength the regular plaster would have; 
further, it contracts and expands more than the regular, 
and cannot compare with the Spence Plaster Compounds 
for casts. 

The Spence Plaster Compound changes form less than 
any of the pure plasters and attains its maximum strength 
in one hour; however, it is much stronger in thirty minutes 
than a pure plaster. The writer commends french's Regular 
Dental Plaster for all purposes except casts, and without 
exception Spence Plaster Compounds for casts. However, 
by consulting the table it will be seen that there is very 
little difference between French's Regular Plaster and 
several other good brands for general purposes. Hence, 
if an operator is obtaining satisfactory results with any 
good brand it is unnecessary, and may be. unwise, to change. 
For casts and casts only, no other plaster in the table com
pares with the Spence Plaster Compound. 

Another interesting experiment is in connection with 
the hydration of plaster. Gypsum contains 20.9 per cent. 
of water of crystallization; when partially dehydrated for 
dental plaster it contains 6.2 per cent. of water. The table 
shows that French's Hegular Dental Plaster loses approxi
mately 3.5 per cent. of its weight (abnormal moisture) when 
subjected to a "temperature" not exceeding 240° F., thus 
showing that the plaster ready for the dentist's use con
tains 9.7 per cent. of water, therefore 9.7 substracted from 
20.9 ·would leave 11.2 per cent., the amount necessary 
for complete hydration. However, if the quantity of 
water representing the 11.2 per cent. is placed in a beaker 
and the requisite amount of dental plaster is added to it 
without agitation it will eventually be found that there is a 
small portion in the bottom of the beaker perfectly crystal
lized, another portion partially crystallized, and the top 
portion apparently unaffected. If a block is made containing 
by weight one ounce of water and two ounces of French's 
Regular Dental Plaster and left exposed until it ceases to 
lose weight (about twenty-five hours), it will be found that 
it has lost approximately 22 per cent. of its entire weight. 
As the loss is water the 22 per cent. deducted from the one-
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third (33.33 per cent.) water vmuld show that approximately 
11.3 per cent. had combined permanently vvith the plaster. 

The practical points to be deriYed from these hydration 
experiments are: that it is impossible to mix dental plaster 
without an excess of water, that the larger the excess of 
water the less dense and weaker the plaster, and that the 
smaller the excess of water the denser and stronger the 
plaster. Conclusion: that plaster should be hydrated to 
meet the requirements of the operation. 

A New Impression Plaster. 1--~IELSIN.-A compound of 
plaster of Paris and starch. The adYantagc claimed for this 
is that the impression may be removed from the cast by 
boiling in water. This phenomenon is explained by the 
well-known property of starches, that is, that they are 
insoluble in cold water, but soluble in hot water. The 
material is used the same as ordinary impression plaster. 
The subsequent technic is the same as for plaster except 
the separation of the cast from the impression-which is 
as before stated. 

IMPRESSION TRAYS. 

Definition.·-A dentist's tray or cup used for holding the 
impression material while taking an impression of the 
mouth or teeth. Tray is the better term to use, as it conveys 
an idea of a utensil having flanges and a capacity to hold 
and carry, while cup conveys the idea of symmetry of form 
with a base on which to stand, and holding capacity. Trays 
are made of various materials and sizes. 

Tray MateriaL-The materials of which trays are made 
are block tin or alloyed tin, cast and pressed aluminum, 
German silver, and porcelain. Each material has its advan
tages and disadvantages, hence for special purposes the tray 
should be constructed of the material best adapted. \Yhile 
porcelain is the most cleanly material, it is not practical 
because its form cannot be changed, and it is easily broken. 
Block tin (or some of its alloys) is most commonly used. 

1 "Byritos" is an irnitation of '' Nielsin." 
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The trays made of this material may be readily changed in 
form, by cutting and bending, which is an essential property. 

Tray Nomenclature.-A tray has a body and a handle. 
The body consists of a floor and flanges, and those designed 
for the upper jaws have a vault portion. There are two types 
of floors-oval, for edentulous jaws, and fiat, for accommodat
ing remaining teeth. The flanges are called outer and inner. 
The outer flange has two portions, the anterior or labial, 
and the posterior or buccal. The dividing line is the prox
imity of the distal surface of the cuspid tooth. The inner 
flange is also called the lingual flange. The surfaces of the 
tray are named for the surfaces they approximate, as maxil
lary, labial, buccal, and lingual. (These terms are used also 
in base-plate nomenclature.) The term palatal surface is 
used indiscriminately, meaning either the maxillary or lingual 
surface. The term is confusing, and should be avoided. 

The vault portion spans the space described by the curve 
of the lingual flange of the upper tray. 

The handle is an extension from the union of the floor 
and the anterior flange. The handle is designed to be used 
while carrying· the tray into the mouth; also for removing the 
tray and impression from the mouth. The handle should 
never be used for holding the tray while the impression is 
hardening, as it acts as a lever, and it is almost in1possible 
to avoid enlarging the intaglio of the impression. 

Tray Forms.-The form of the tray should be such as to 
approximate the form of the part of which the impression 
is to be taken. This would require a great variety of trays, 
therefore it is desirable to have the trays constructed of a 
material that can be readily adapted to the individual case. 
These changes are made by cutting away the undesired 
portion, or by bending in or out the portion not properly 
adjusted; or the desired form may be obtained by adding 
some plastic adhesive material, such as wax or modelling 
compound. This added material should not be considered 
as a part of the impression, but as a part of the tray only 
as the surface outline of the built-up tray \Vould be such as 
a specially constructed one should have. In fact, some 
prosthetists have advocated taking a crude impression and 
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making a plaster cast, from which a tray is constructed.1 

This tray would have the advantages of requiring but a 
small amount of impression material, and of carrying it 
accurately into place. Such methods require too much time 
and work, and do not meet the requirements of really diffi
cult cases. The metal tray should approach equally all the 

l<'w. 20 

surfaces to be impressed. There should be a space of about 
one-eighth of an inch to be occupied by the impression 
material. This will giYe sufficient body of material for 
strength, and in case of fracture of the impression the 
pieces are thick enough to be readjusted. The exception to 

1 Dr .. Bean's method, Turner's American Text-book. 



IM~PRESSION TRAYS 

the one-eighth-inch rule is \\'here compression of the soft 
tissues is required. In such cases no stock tray could answer 
the purpose; but a simple stock tray may be reinforced so as 
to perfectly meet the requirements. It is wise to reject all 
fanciful and complicated trays, depending entirely upon the 
simplest forms. The various forms of stock trays are made 

FIG. 21 

in several sizes. The student or young practitioner should 
select a few sizes of each of the primary forms, and, as 
necessity requires, extra sizes, special forms and duplicates 
may be added to the equipment. The several manufacturers 
offer similar lines of trays, and each may have some special 
and fanciful forms, but these should not interest the student. 
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For the purpose of illustration, the well-known S. S. \V. 
trays have been selected. These are made of the best 
quality of Britannia metal, and 1vill meet all ordinary 
requirements. Fig. 17 shows an upper tray of the oval 
floor t;ype. There are eight sizes of this type, numbered 
from 1 (largest) to 8 (smallest). For the first outfit sizes 2, 

FIG. 22 FIG. 23 

4, and 6 will suffice. Fig. 18 illustrates the lovver trays of 
this type. There are seven sizes, of which 1, 3, and 7 are 
good selections. Fig. 19 represents the flat-floor type. 
There are five sizes for the upper jaw, numbered from 12 to 
16. ::\os. 12 and 15 should be the first selected. Fig. 20 
shows a lower tray of the flat-floor type. The largest and 
smallest of the sizes, 14 and 16, vvill well complete the initial 
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collection of trays. \Vhile the prosthetist can adapt the ten 
trays recommended to meet eYery requirement that may 
be present, it is well to have some special trays. The most 
desirable of these are shown in Figs. 21, 22, and 23. The 
first two are designed for the lower jaw only, vvhile the last 
one, because of its swivel joint, may be used in any part of 
the mouth for any small impression. 

1\oTICE.-The following classification and technic for 
taking plaster impressions has in no way been changed 
from the former editions of this book except in the technic 
for the class in which modelling compound was recommended; 
and, modelling compound for impressions has been placed 
in a section by itself. 

HmYever, to deriYe the greatest benefit from this classi
fication and technic the operator must comprehend the 
modern trend of thought, and haYe a clear understanding 
of the extent to 1ohich the im1Jression shall be taken; also, 
that the soft tissues under the entire periphery of the impression 
?mlst be held firmly against its bone .fmmdation. 

The peripheral border of the upper impression under the 
lip and cheeks may be high or low according to the operator's 
conception for esthetics, pmdded it is sufficiently high 
for the lip and cheeks to seal it against ingress of air. The 
vital point is the palatal border. There nwst be compression 
of yicldable soft tissue of at least one-fourth-inch 1oidtlz extend
ing from the buccal side of one tuberosity to the buccal side 
of the other tuberosity. ' " 

The peripheral border of the lower impression must just 
include the external and internal oblique ridges. 

TECHNIC FOR FULL UPPER IMPRESSIONS. 

Classification 

::\or mal. 
High vault. 

I 
Thin and tense tissues . 

. 1,1 t It ::\fedium soft tissues. ' a Yau s Soft and flabby tissues, ropy 
secretions. 

Enlarged raphe. 
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Application.-vVe will suppose we have an edentulous 
patient in the chair. The patient's comfort having been 
looked after by adjusting the chair, placing suitable pro
tection for the clothing, and with a glass of water upon 
the bracket table; the examination of the mouth having 
been made as described in Chapter I, the ease being a 
"normal" one in every respect, will indicate that plaster 
impressions are required. The ease being of average size 
will require the oval-floor tray No. 4. The tray should be 
tried in the mouth to ascertain if any alteration is required. 
As the aperture of the mouth is less than the width of the 
palatal end of the tray, it will require suitable manipulation 
for its insertion. This is accomplished the operator 
standing erect, at the right and a little back of the patient; 
the patient's chin should be about on a level with the elbow 
when the chair and patient's head are each slightly tilted 
backward. The patient is instructed to open the mouth 
moderately wide, when the tip of the index finger of the left 
hand is placed in the left angle of the mouth. The tray is 
grasped by its handle between the thumb and first two 
fingers of the right hand. The anterior portion of the right 
buccal flange of the tray is placed in the right angle of the 
mouth, and while distending the lips the tray is swung into 
the oral cavity. The palatal border of the tray is carried 
upward over the tuberosities; at the same time the anterior 
portion of the tray should be depressed sufficiently to permit 
a view of the relation of the palatal border of the tray with 
the tuberosities and vault. 

Adjusting the Tray.-Should the flanges be too close to the 
tuberosities, they may be bent outward by grasping the body 
of the tray in the left hand, and the use of a pair of 4- or 
5-inch smooth-nosed pliers in the right hand. By the same 
means the flanges may be brought nearer to the tuberosities. 
Should the vault portion impinge, it may be depressed by 
striking a few times with a horn mallet. (See Metal Plate
work Implements, Chapter XI.) 

Fig. 24 exhibits a tray with an extreme amount of bending 
of the flanges outward, and the vault portion slightly de
pressed. In very flat mouths the base-plane may be very 
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broad, when it would be desirable to have the flanges bent 
outward rather than cut away. 

The anterior flange should next be inspected. Should the 
tray impinge upon the fnenum labii, relief should be afforded 
by deepening the notch in the tray by use of a half -round 
file, such as is used in vulcanite work. The flange at either 
side of the median notch may require adjusting, and often 
should be cut avvay. This flange should not obstruct free 

FIG. 24 

manipulation of the impression material. It would be 
advantageous if this portion of all prosthetic trays were 
largely cut away. The student should keep this axiom in 
mind, that it is better to have the flanges cut away too much 
rather than not enough, for they may be easily reinforced. 

Reinforcing the Tray.-This may be done \vith either wax 
or modelling compound. The \vriter much prefers pure 
yellow beeswax. This is done by softening a strip of wax 

6 
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by the dry-heat method and making it into a roll a little 
larger than the shaft of a lead-pencil. The palatal border of 
the tray is slightly warmed in the flame and the roll of soft 
wax is formed upon the maxillary surface, permitting the 
ends of the wax roll to extend around the tuberosities. 
This is placed in the mouth and forced firmly to place. The 
tray is then removed from the mouth, the wax made cold, 

FIG. 25 

and any excess removed with a hot vvax spatula or knife. As 
has been stated, this reinforcement of wax is in no sense a 
part of the impression; it should be considered only as an 
integral part of the tray. This peripheral reinforcement 
serves a double purpose: first, it acts as a dam to prevent the 
soft plaster extending too far backward, and second, it acts 
as a compress to prevent the contraction of the palate muscles 
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drawing down or depressing the palatal portion of the 
impression. Inattention to this portion of the impression 
often causes failure in the retention of the denture. Fig. 25 
illustrates the tray with vmx reinforcement of the palatal 
border. The reinforcement may extend forward upon the 
buccal flanges to include the malar processes, but it should 
not exteni:l so far fonvard as to include the buccal frena. 
HoweYer, if the reinforcement extends over the malar 
process it should be properly adjusted. This is done as 
follows: \Vhen the tray with the peripheral roll has been 
forced into place, the tray is supported by firm pressure of 
the index finger of the left hand placed upon the centre of 
the lingual surface of the vault of the tray; when the right 
cheek is grasped and drawn downward by the index finger and 
thumb of the right hand, the cheek is released and instantly 
pressure is made with the fingers upon the cheek OYer the wax. 
The left index finger is replaced with the right one, V>'hen the 
left cheek is manipulated in like manner. This illustration 
shows also the frenal notch sufficiently cut avvay to pre\'ent 
impingement, and the labial flange properly adjusted. The 
tray is now prepared for the case in hand, and could not be 
improved upon even if a new metal tray 'vcre to be made for 
this individual case. 

Changing the Position of tree Patient.-The tray being 
properly prepared for the impression, it is well to change the 
position of the patient to an upright position with the head 
slightly inclined fonvard. This is simply a precaution to 
prevent any plaster falling into the throat. Hovvever, an 
experienced operator may keep the patient in the first 
position for his mm conYenience, and be justified in so doing 
because of his expertness; but not so with the inexperienced 
operator. 

Mixing the Plaster.-One fluidounce of water, of the tem
perature of the room or a little warmer, is placed in a rubber 
bmvl (Fig. 26) and four or five grains of salt (K aCl) dissolved 
in it. A measure holding 2 fluidounces should be filled \vith 
regular dental plaster (French's), but not packed; this 
plaster should be shaken or sifted into the salted water and 
gently agitated with the plaster spatula (Fig. 27) until it is 
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smoothly mixed. The object desired is to get the plaster 
cement smoothly mixed, free from confined air, and in the 
mouth as quickly as possible. The time required should 
be but a few seconds. If a special impression plaster is used 
in place of French's regular dental plaster, the salt will 
probably not need to be added, as possibly the manufacturer 
has added an accelerator. Some operators prefer the use of 
potassium sulphate (K2S04) in place of common table salt 
(N a Cl), but either serves an excellent purpose, the N a Cl 
having the more agreeable fiavor. 

Filling the Tray.--'The mixed plaster should be transferred 
from the bowl to the prepared tray as expeditiously as 
possible. The plaster should coYer the entire maxillary 

FIG. 26 

surface of the tray; it should be flush with the palatal rein
forcement and piled up somewhat at the anterior vault 
portion. 

Inserting and Placing the Filled Tray.-The filled tray should 
be instantly inserted into the oral cavity, using the technic 
previously described in this chapter. While the thumb and 
index finger support the tray, the second finger should be 
carried backward against the vault of the tray. This will 
favor carrying the palatal border of the tray firmly into 
place. While placing the palatal border of the tray the index 
finger of the left hand is slipped forward under the lip, which 
is grasped between the finger and thumb, and the lip dis
tended. As the palatal border of the tray is.held securely in 
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position, the anterior portion of the tray is carried into place 
by a swinging upward moYement of the hand. Instantly the 

FIG. 27 
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median portion of the lip, which is in the grasp of the finger. 
and thumb of the left hand, should be drawn downward, thus 
setting the frenum labii in the soft plaster. The finger is 
thei1 slipped backward to the left angle of the mouth, which 
is grasped and dra\'.-·n downward, marking and placing the 
buccal frenum. Either the first or second or both of these 
fingers of the left hand are placed against the vault of the 
tray, thus releasing the right hand. The right angle of the 
mouth is now drawn downward, thus placing the right 
buccal frenum. "While firm pressure is maintained upon the 
vault of the tray, the cheeks and lips are finnly pressed against 
the soft plaster 1rith the tlnnnb and fingers of the right hand. 
By this means the soft tissues of the buccal and labial 
walls of the maxilla are compressed. No effort need be 
made to compress the plaster over the malar processes,· as the 
wax reinforcement will provide for this. Furthermore, if 
there is an,y portion of the periphery of the plate which should 
not press firmly, it is that OYer the malar processes. The 
fingers of the right hand may now relieYe the left hand, which 
is placed upon the top of the patient's head. By pressing 
with both hands, not hard but firml:v, the setting plaster is 
held more steadily in place. If the operator remm·es a little 
of the excess plaster upon a finger of the left hand as he 
removes it from the mouth the last time, he 1vill have a guide 
as to the hardening of the plaster. It should be left in the 
mouth (probably two or three minutes) until it vvill break 
with a clean fracture, when it is ready to be removed. 

Removing the Im.pression.-vVhen the plaster breaks with 
a clean fracture and does not crush, the impression should 
be removed by grasping the handle of the tray with the thumb 
and fingers of the right hand, while the left cheek is elevated 
from within with the index finger of the left hand. Pressure 
is made upon the handle in such a manner as to depress the 
palatal border of the impression. If the impression does 
not loosen after a reasonable amount of force has been 
applied in this manner, a slight rocking movement of the 
handle up and clown may aiel. If the operator has left the 
impression too long in the mouth it may be necessary to 
throw a jet of ,,.·ater, with a water syringe, around the 
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periphery of the impression. This is done by tilting the 
head slightly bacbvard and lifting the lip and cheek upon 
one side, \vhen the crevice between the impression and the 

Fro. 28 

Frci. 29 
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lifted soft tissues is filled with water. The other side of the 
mouth is treated in the same manner, when the handle should 
again be manipulated. If the impression is removed at the 
proper time there will be only moderate adhesion. Strong 
adhesion of a plaster impression is no evidence that it is a 
good one, but it is a positive evidence that the plaster has 
been left so long in the mouth that it has absorbed all the 

FIG. 30 

moisture from the surface of the mucous membrane, thus 
creating a powerful vacuum suction, which upon being 
broken may tear the mucous membrane. vVith attention 
given to the work in hand there should be no excuse for 
such an accident. 

Fig. 28 shows the maxillary surface of a plaster impression. 
Notice the peripheral outline. Fig. 29 shows the palatal 
border of the impression. Notice the clean cut-off of the 
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plaster by the wax reinforcement. Fig. 30 is another 
plaster impression in which the palatal border reinforcement 
wax has entirely excluded the plaster in places, as can be 
seen by the difference in color. This illistration shows 
also the excess plaster pressed forward upon the handle of 
the tray. The edge of the anterior flange of the tray can be 
seen much below the periphery of the impression, and yet 

FIG. 31 

there is much thickness to the labial vvall of plaster. This 
is because the low labial wall of the tray was reinforced 1vith 
wax, which with the soft plaster was forced against the labial 
wall of the maxilla by the external pressure upon the lip. 
In contrast with this, Fig. 28 shows a thin labial wall of 
plaster, because a higher anterior flange was used with no 
wax reinforcement. Fig. 31 shmvs a tray with palatal and 
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labial wax reinforcements ready to receive the freshly mixed 
plaster. 

The method detailed will suffice for a very large percentage 
of cases requiring a full upper artificial denture; but there 
are some cases that will require special manipulation in order 
to produce the best results. These may be classified as: 
(1) high vaults, (2) flat vaults, and (:'l) enlarged raphe. 

FIG. 32 

High Vaults.-The high vault may be oval, square, or an 
inverted V-shape. In either ease the wax reinforcement 
should not only be placed along the palatal border, but it 
should be carried forward to fill the entire vault. After 
the wax has cooled, the surface of the anterior portion to 
the thickness of / 6 of an inch should be removed with a 
warmed wax knife. The palatal border should be left undis-
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turbed to the width of t to i of an inch. The object of the 
reinforced vault portion is to insure the plaster being carried 
fully to place, and the use of less plaster. Fig. 32 shows a 
tray prepared for an inverted \'-vault. A high vault will 
always require a high labial flange to the tray. It is better 
to use a tray ·with a narrmv labial flange, and then build the 
required flange of ·wax, thus providing for the compression of 
the soft tissues over the labial wall of the maxilla. The illus
tration shows the low metal flange upon the right side and 
the wax restoration upon the left. 

FIG. 33 

Flat Vaults.--These cases will present one of three condi
tions of the soft tissues: (1) thin and tense, (2) medium soft, 
or (:3) soft and flabby. Fig. 33 is a cast of the second class. 
The impression from vvhich this cast vms made was taken 
in the tray shown in Fig. 24. ObYiously a case of this kind 
would require that the flanges of the tray should be cut away 
or that they should be bent well over, as shown. The latter 
is to be preferred, as it proYides the desired large base-plane. 
(This feature will be further considered under the subject 
Retention of Artificial Dentures.) In both the first and 
second classes the impression is taken in the usual manner. 
It is in these flat cases that the student is tempted to omit 
the palatal border wax reinforcement, but he should remem
ber that the rule is universal, and has no exceptions, that to 
omit this reinforcement in any case is to invite failure; 
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however, failure may not come at the bidding. The third 
class of flat vaults requires special consideration and treat
ment. 

Difficult Flat Vaults.-The flat vault per se is not neces
sarily difficult to cope with, for under favorable conditions 
it provides the strongest retention. HovYever, there are 
such a considerable number of vexatious cases associated 
with flat vaults that they have become the bete noir of the 
dental profession. This is a very unjust condemnation, 

because there are other vault forms that present much 
greater difficulties. The trouble is that the dentist fails to 
recognize the conditions, therefore fails to meet the require
ments. In the three classes named of conditions of the soft 
tissues, the first class (hard and tense) presents only the 
usual difficulties of impression taking; yet the retention in 
this class is poor. This will be considered in the chapter 
on Retention. The second class (medium soft tissues), 
provided the fluids are normal, is one of the most favorable 
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cases the dentist can have. The third class (soft and flabby) 
is troublesome and requires study, and suitably taken 
Impressions. 

Before entering upon the technic of taking impressions 
for this class, it is necessary to refer to another factor some
times associated with flat vaults. A thick, ropy secretion is 
ahvays a menace to the retention of artificial dentures. This 
factor is mentioned at this time because one method of 
impression taking is especially designed to offset the viscid 
secretions. In this third class the flabby tissue may be 
evenly distributed oYer the entire surface to be covered with 
the base-plate, or it may be interspersed IYith hard tissue. 
Each condition will require a suitable impression. 

Technic for Flabby Gum.--V'\'hen the soft tissues are 
thick and evenly laid over the surface to be covered with the 
base-plate, a suitable-size, flat, oval-floor tray is selected, a 
roll of soft wax, the size of a lead-pencil, is placed upon the 
maxillary surface at the periphery of the tray, carried into 
the mouth, and placed firmly into place. While holding 
the tray firmly with a finger or two upon the centre of the 
vault of the tray, the lip and cheeks are dra1vn downward and 
then externally pressed imvard. The tray is then removed 
from the mouth, and the 1vax cooled. The space formed b,y 
the peripheral wax is filled with a soft mix of plaster. The 
technic of inserting the tray into the oral cavity and 
adjusting it is the same as previously described. The object 
sought is to have the soft tissues evenly compressed through
out the entire periphery of the base-plate and no compres
sion over the inclosed portion. Fig. 34 shovvs a flat tray with 
peripheral vvax. 

Technic for Interspersed Hard and Soft Tissues.-As an 
axiom, it may be stated that increased pressure should not 
be placed upon either hard or soft tissue in the vault of the 
mouth except upon the palatal border; or, conversely stated, 
increased pressure should be made upon the palatal border, 
the alveolar ridge, and external to the alveolar ridge. The 
most common occurrence of the condition under consideration 
is a spongy vault with the alveolar ridge moderately hard 
upon either side as far forward as the location of the cuspids, 
and a flabby condition from cuspid to cuspid location. 
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Fig. 35 is a tray reinforced for such a ease. ·The pall}tal 
border \\,aX should extend forward to rest Upon the malar 
process, only when it is covered with an excessive amount 
of soft tissue. The anterior portion of the tray should have 
a sufficient quantity of wax to cover all of the flabby gum 
tissue. The metal flange should be cut lmv and replaced 
with a thin piece of yellow wax. As in all cases, the soft wax 
is adjusted to the mouth. The tray is filled (avoid much 
excess) with a moderately thin plaster, inserted; and adjusted 

FIG. 35 

as previously described. ~oticel Hard-not firm, but hard, 
continued-pressure is made upon the centre of the vault of 
the tray. The lip and cheeks are drawn downward and 
compressed externally as in other cases. The pressure upon 
the tray is continued until the plaster has set. By this 
means a firm foundation \IVill be established for the artificial 
denture. 

H arcly will the buccal portion of the gum tissue be exces
sively flabby, but vvhen it is the denture must have a bearing 
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beyond the soft flabby tissue if possible; and the buccal 
flange of the base-plate must extend as far outward as the 
free action of the buccinator muscle -vvill permit. The object 
sought is to have the force of mastication distributed over 
as broad a surface as possible, and thus prevent undue 
pressure upon the palatal processes of the maxilla. 

So far there has been discussed but one method, with its 
modifications, for taking full upper impressions. Plaster of 
Paris with a suitably prepared tray is the best ml),terial the 
dental profession of today possesses to meet the requirements 
of all eases. The one serious objection to plaster of Paris is 
that there is no practical test for the perfection of the impres
sion. Dependence must be placed upon knowledge and skill; 
knowledge of the requirements of the case and skill in apply
ing the knowledge. Should a plaster impression be replaced 
in the mouth, strong adhesion may be induced by its capacity 
to absorb the moisture upon the mucous membrane; but this 
will take place equally as well or better with a poorly adapted 
impression. An inspection of the impression may show a 
perfect imprint of the mucous membrane, but it does not 
differentiate between proper compression and improper 
distortion of the soft tissues. So knowledge and applied 
knowledge (skill) must be arbiters of the perfection of the 
impression. The artificial denture made from an impression 
may be positive eYidence that the impression vvas perfect, but 
it is no evidence that it was not good . 

. l\Iention has been made of ropy or viscid secretions as an 
adverse factor associated with flat and more or less flabby 
vaults. The author is of the opinion that these conditior{s 
may be best met by the use of modelling compound. Also, 
he believes that no first impression should be taken with 
this material, because the line of demarcation where plaster 
ceases to be the best material and modelling compound 
demanded is so obscure that preference should always be 
given plaster of Paris. Modelling compound is far more 
difficult to handle (properly) than plaster of Paris. The latter 
material is more scientific and requires less skill than the 
former, especially if the case is a difficult one. This last 
statement is contrary to the generally accepted opinion, but 
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nevertheless it is true. The reasons for these statements 
will develop as the methods for the use of the compound 
are described. 

IMPRESSIONS FOR ENLARGED RAPHE. 

Technic.-The impression for this class is the same as 
for the normal class, except in the palatal reinforcement 
wax. 

The object sought \Vith these enlarged raphe is to have 
contact without pressure. The palatal reinforcement wax is 
adjusted as in all cases, 'vhen a layer of the wax covering 
the hard raphe is removed to the extent of tlf of an inch in 
thickness; and the impression and denture must extend back~ 
ward beyond the hard area, at least t inch, and better, if 
there is i inch for bearing surface. If there is much thick
ness of soft tissue upon each side of the hard raphe, a little 
additional soft wax may be placed over the cold reinforcement 
wax covering the soft tissue of the vault, and readjusted to the 
mouth with moderately firm pressure. Should the anterior 
portion of the raphe touch the tray, it must be relieved by 
depressing the tray (use horn or wooden mallet). The tray 
is filled with soft plaster and placed in the mouth and pressure 
applied back of the middle of the vault of the tray. This 
will compress the soft tissue upon each side of the hard 
raphe. As a space has been made in the vvax covering of 
the hard raphe, some of the soft plaster will be forced back
ward. This objectionable feature may be controlled by 
having the patient's head inclined forward. 

Classification 

FULL LOWER IMPRESSIONS. 

High ridges 

Flat ridges 

Broad. 
Thin. 
Broad buccal and lingual 

flanges. 
Narrow buccal and broad 

lingual flanges . 
.:'\arrow lingual and broad 

buccal flanges. 
Both flanges narrow. 
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Technic.-In all lower impressions the controlling factor 
for the width of the flanges of the tray will be the insertion 
of the mylohyoid and the frenum lingure on the lingual and 
the buccinator and labial museles on the outer flange. A 
rule may be established that in no ease shall the flange 
impinge upon a muscle. 

High Ridge.-The only difference required for an impres
sion for a broad or thin high ridge is in the wax reinforce
ment. With a broad ridge the reinforcement is upon the 
lingual flange only, while for a thin ridge both flanges should 
be reinforced. Fig. 36 illustrates a tray reinforced for a 
broad ridge, and Fig. 37 is prepared for a thin ridge. 

Broad Ridge.-The operator should assume same position 
in respeet to patient as mentioned in technic for upper 
impressions. After the flanges of the tray have been adjusted 
for a broad high ridge, a roll of soft wax, about the size of 
a lead-pencil, is placed upon the warmed mandibular surface 
of the lingual flange, and inserted in the mouth in the same 
manner as described on page 80, except that the floor of the 
tray is upward. As the wax is pressed against the lingual 
wall of the process the patient is requested to raise the tongue 
momentarily to the roof of the mouth. The tray is removed, 
wax chilled, and excess cut away. It is then filled with 
soft mixed plaster and quickly adjusted in the mouth, by 
first adjusting the left side, and then the right side. As the 
left side of the tray is settled into position the finger used to 
distend the left angle of the mouth is carried backward, and 
with the thumb grasps the cheek, drawing it downward 
and outward, thus preventing a portion of soft tissue being 
entrapped under the buccal flange of the tray. The finger is 
then moved forward to the buccal frenum, which is distended, 
and then the labial frenum is drawn into place. The finger 
is removed and the left thumb inserted across the mouth as 
far backvmrd as the angle of the mouth will permit. The 
fingers will be under the mandible, and the thumb resting 
upon both arms of the tray. As the right side of the tray 
is being forced into position, the right index finger having 
been carried into the mouth, the right cheek is grasped and 
drawn out of the way of the buccal flange. Pressure is then 

7 
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FIG. 36 

FIG. 37 
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made over the border of the buccal and labial flanges with 
the fingers of the right hand. The thumb of the left hand 
is then placed upon the left side of the tray a little back 
of the angle of the mouth, while the right thumb is placed 
in a like position upon the right arm of the tray. As the 
fingers of both hands are pressing firmly against the under 
margin of the mandible the tray is held as in a vise. The 
patient is requested to raise the tongue firmly against the 
roof of the mouth, after which it may rest easily on the floor 
of the mouth. The tray should be held firmly until the 
plaster is set, when it is removed by grasping the handle 
with the right hand and distending the left cheek and lip 
with the index finger of the left hand. 

It is necessary to get the tray and tissues adjusted before 
crystallization of the plaster has much progressed; therefore 
it is desirable to lmve a definite system, so that no tirne 
may be lost. Every movement should be positive, but gently 
executed. 

Thin Ridge.-The flanges of the tray having been adjusted, 
a roll of soft wax is placed upon each flange and pressed into 
position. The vYax cooled and trimmed is shown in Fig. 
37. The object sought in this impression is to have even 
compression upon the periphery of the base-plate while 
there is but slight pressure upon the crest of the ridge. This 
should relieve one source of pain in artificial dentures; that 
is, undue pressure upon the mucous tissue drawn over a 
sharp crest of bone. If the thin ridge of gum has become 
pendulous, from excessive resorption of the process, it is 
well also to have it relieved of pressure. The plaster should 
not be mixed stiff enough to make pressure in any impression; 
the pressure should be made by the reinforcement wax. The 
plaster is designed for close adaptation. 

Flat Ridges.-For these cases a series of oval-floor trays 
should be prepared as the emergency demands. Two or 
three trays of different sizes prepared for this class of cases 
will probably be sufficient. The tray is prepared by cutting 
off the handle and about one-half of the flanges. They 
should be so trimmed that when they are placed in the mouth 
the muscles of the mandible will not much disturb them. 
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First Subclass.-(See classification for full lower impres
sions.) Either the regular oval-floor tray with the flanges 
bent outward, or one of the specially prepared trays should 
be chosen, as best fits the case. 

Second Subclass.--A regular tray with the lingual flanges 
bent inward and the buccal flanges rolled outward and 
upward will probably best meet the requirements. 

Third and Fourth Subclasses will require the specially 
prepared tray. 

The impressions of all of the flat-ridge cases should be 
taken first in wax, or, in modelling compound. If the patient 
can be prevailed upon to aid, the margins should be muscle 

FIG. 38 

trimmed. If the patient has not sufficient control of the 
muscles of the face so he can assist, the operator must hold 
the tray with the thumb of one hand so that the other hand 
is free to work the tissues. The right hand should hold the 
tray while working the tissues upon the left side, and vice 
versa. The patient can at least be prevailed upon to force
fully raise the tongue. This wax or modelling compound 
impression should be considered only as a reinforced tray. 
Grooves should be cut in the mandibular surface of the rein
forcement when it is covered with soft plaster and inserted 
in the mouth. The buccal tissues must be removed from 
under the buccal flanges of the tray as directed on page 97. 
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The impression should not be removed from the mouth until 
the plaster is thoroughly hard. As the impression is sur
rounded by saliva, there will be little danger of excessive 
adhesion. 

Fig. 38 exhibits full upper and lower impressions of the 
broad type. The lower has the lingual flange reinforced 
and the upper has the palatal reinforcement. 

PARTIAL UPPER IMPRESSIONS. 

Anterior teeth lost. 
Classification Posterior teeth lost. 

Teeth and spaces alternating. 

Fro. 39 

Anterior Teeth Lost.-For all partial cases a flat-floor tray 
of suitable size should be chosen. If three or more teeth 
are lost the vault reinforcement wax of Fig. 32 should be 
extended forward to nearly fill the space occupied by the 
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lost teeth. There should be about i of an inch of space 
between the wax and the remaining teeth, also between the 
wax and gum (Fig. 39). Judgment should be exercised in 
the quantity of plaster used, thus avoiding much excess. As 
partial plaster impressions are almost certain to be broken 
while removing from the mouth, a small tray (lacquer or 
metal) and tvveezers should be upon the bracket table, so that 
the pieces may be placed in order as they are removed from 

Fra. 40 

the mouth. ·Figs. 47-51 illustrate such an arrangement. 
Fig. 40 is a tray properly filled with plaster for taking an 
impression where the four upper incisors are missing. The 
plaster should be mixed just stiff enough so it will not run 
when placed in the tray. This implies that, because of its 
stiffness, the time of setting is shortened, and that it must 
be quickly adjusted. In such a partial case the lingual 
aspect, and possibly the occlusal surface of the teeth, is 
desired. 
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'Vith the loss of any increasing number of teeth backward, 
the reinforcement wax is extended; the technic is the same 
as just described. Fig. 41 illustrates the wax reinforcement 
for the lost ten anterior teeth. 

Posterior Teeth Lost.-This class implies that the remaining 
anterior teeth are in phalanx and that there are distally no 
isolated teeth. In such cases a Hat-floor tray should have the 

FIG. 41 

reinforcement wax as in Fig. 42. This prepared tray is for a 
case with the teeth lost distal to the first bicuspids. Fig. 43 
has the plaster suitably placed. 

Teeth and Spaces Alternating.-Fig. 44 is a tray suitably 
reinforced. In all partial cases, except •Nhere wax contact 
is desired, there should be a space for plaster over the wax 
reinforcement of i\- of an inch or little more. The alternating 
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spaces may be doYetail-shaped. In such cases cores should 
be made of wax to fill them. Fig. 45 is a plaster cast show
ing a space 'between the second bicuspid and second molar 

FIG 44 

FIG. 4.5 



106 Jj'ffPRESSIONS 

reqmrmg a core. In the illustration the core is attached to 
the upper surface of the cast. The core is made by filling 
the space (without drying the teeth) full of soft wax. ::\Iost 
of the excess wax may be trimmed away in the mouth. The 
wax is made cold and removed through the wider aspect of 
the space. In this instance it should be pushed inward. 
The wax is then thoroughly chilled and trimmed pyramid
shape, IYith the base resting upon the gum. After it has 
been cooled and trimmed (pyramid-shape) so the plaster 
will draw from it, it is secured in place by slightly pinching 
the occlusal end. If there are large spaces, as for the incisor 
teeth, the tray should be reinforced as shown in Fig. 39. 
After the impression has been removed from the mouth, the 
wax core is carefully removed and replaced in the impression. 

Fw. 46 

Isolated Teeth Methods.-Fig. 46 shows a cast with the two 
cuspids and the left second bicuspid remaining. The teeth 
were short and firmly attached, so there was no danger of 
their extraction in the impression. In this case all the prepa
ration necessary was the reinforcement of the tray, as in Fig. 
42. However, if the teeth had been long and bell-shaped, 
and loose, it would then have been necessary to have thor-



PARTIAL UPPER I1liPRESSIONS 107 

oughly dried the teeth (one at a time), and to ha\'C molded 
a little soft wax about the neck of each tooth as it was 
dried. The plaster impression would either draw avvay from 
the wax, when it should have been replaced in the impres
sion, or the vvax vvould haYe remained in the impression. 
Had the teeth dragged through the wax no harm would 
haYe been done other than a slight distortion of the wax. 

FIG. 47 

Fig. 47 is the impression taken for the cast showi1 in Fig. 46. 
Some of the reinforcement wax is shown; also the fragments 
are placed in order about the main portion of the impres
sion. Fig. 48 shows the assembled pieces luted together with 
wax. 

Detachable Tray Method.-In this method no wax rein
forcement should be used, except as in Fig. 44; and this 
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should be so trimmed that there are no undercuts. The 
maxillary surface of the tray and reinforcement wax are 
smeared \vith a thin layer of vaselin. This will permit the 
tray to part from the hardened plaster, which may be 
removed in sections after the manner used by orthodontists. 
The maxillary surface of the tray should be smooth, and 
in no degree dovetail-shaped. If this method is to be used, 

FIG. 48 

the operator should first carefully observe the teeth and 
vacancies, and devise a scheme for notching and breaking 
the plaster in sections. The notching and breaking are done 
with a stout knife, which must be well guarded so the patient 
may not be injured. As the pieces are removed from the 
mouth they are placed in order on the lacquer tray. The 
impression tray may be removed from the mouth and 
notches cut in tht; plaster, but no attempt should be made 
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to break the plaster away from the teeth until it ·will make 
a clean break, that is, not crush. The inexperienced student 
should be very cautious of choosing this method, because 
of the danger from the knife. HoweYer, the tray may part 
from an impression unexpectedly, when it becomes necessary 
to notch and remove the impression in sections. · 

FIG. 49 

PARTIAL LOWER IMPRESSIONS. 

Classification.-The classification used for partial upper 
impressions is applicable for lower ones. The vvax reinforce
ments are the same except that there is no vault, and in place 
of a palatal-margin reinforcement a lingual-flange reinforce
ment is required. Rarely should any lower impression 
(either partial or full) be taken \'lithout the lingual flange 
being reinforced. This is necessary to control the folds of 
the soft tissues and the submaxillary and sublingual glands 
that are occasionally very troublesome. In all cases the 
mylohyoid muscle influences the loosely attached mucous 
membrane for a long distance above the origin of the muscle, 
and draws it inward and upward. As a result, if the lingual-
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FIG. 50 

FIG. 51 



FIG. 52 

Fm. 53 
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flange compression wax is not used the lingual flang·e of the 
completed artificial denture will not lie close to the mandible. 
This is often a source of annoyance to the patient. 

Fig. 49 shows a flat-floor lower tray with reinforcement. 
Fig. 50, with the plaster in place ready for insertion. Fig. 
51 shows the impression vvith the fragments and a core. 
Fig. 52 is the assembled impression. Fig. 53 is a Weiss tray 

FIG. 54 

(a modification of the type shown in Fig. 22) and fragments. 
This tray requires the lingual-flange reinforcement only. 
Fig. 54 is the assembled impression. 

MODELLING COMPOUND FOR IMPRESSIONS. 

As Ordinarily Used.-A tray is selected, and the flanges 
adjusted as for a plaste1; impression. :0;o reinforcement 
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is required. A portion or a whole cake of modelling com
pound, as the judgment dictates, is softened in water (see 
page 60) and placed in the warmed tray. In manipulating 
the compound all folds should be kept on the under portion, 
so the surface taking the imprint may be smooth and con
tinuous. The side of the index finger may be imbedded 
first upon one side and then upon the other, so as to form a 
groove for the alveolar process. The surface is then given 
an extra softening qy passing over a smokeless flame. The 
compound filled tray is carried into the mouth and forced 
into place after the manner described for plaster (page 
80). The lip and cheeks are manipulated in the same 
manner as for plaster. The compound is left in the mouth 
until it has hardened. Hardening may be expedited by using 
cold water. A small piece of cloth (an aseptic napkin) is 
saturated with cold water and held against the lingual 
surface of the tray. Some of the cold \Vater may be thrown 
under the lip with a syringe. \Vhen the compound has 
become hard it is removed in the same manner as a plaster 
impression, except in no case will it be necessary to use a 
spray of water as an aid to loosen it. 

Advantages and Disadvantages.-The advantages of com
pound are claimed to be that it takes a sharp impression, 
does not break. upon removal, and compresses the soft 
tissues. The first two claims are true, but the second claim 
of superiority should be classed as a disadvantage, for a 
material that does not break must bend or drag when taken 
from an undercut or dovetail-shaped space. The third 
advantage claimed is very questionable. As ordinarily used 
the compression is not under the control of the operator. 
The material is usually forced so far backward upon the 
soft palate as to produce contraction of that organ, and cause 
depression in place of compression at the palatal border 
of the impression. The soft tissues upon the labial and 
buccal surfaces are usually distorted. Because of this dis
tortion many operators find it expedient and useful to 
use a "bead" upon the maxillary surface of labial and 
buccal flanges of an artificial denture. Following a properly 
taken impression, a bead in this position should be unbear-

8 
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able. One skilled in the use of any material may produce 
excellent results, but that is not evidence that it is scientific 
or the best. The confusion existing in the profession regard
ing the various impression materials, is due to a lack of 
comprehension of the underlying principles. 

Where and How to Use Modelling Compound.-It has been 
stated that ropy and excessive secretions of the mouth are 
adverse conditions for retaining artificial dentures. The 
method of offsetting these untoward conditions will depend 
upon the associated factors. If they are accompanied by 
a flat vault and flabby, soft tissues, they can probably be 
obviated by this method of taking the impression. However, 
the usual method just described will in nowise meet the 
requirement. The principle involved in this special impres
sion is compressive bearings with a large vacuum cavity and 
vent spaces. 

Technic.-A suitable-size oval-floor tray having been 
selected, the handle and most of the labial and buccal flanges 
are cut away (Fig. 35). If an unsatisfactory base-plate has 
been constructed it may be converted into an admirable 
tray by cutting away at least one-half of the width of the 
flanges. About one-third of a cake of compound is softened, 
dried, and spread over the warmed maxillary surface of the 
prepared tray. This is carried into the mouth and hard, 
continued pressure applied so as to compress all the tissues 
over the vault and ridges; at the same time the patient should 
comply with the instruction previously given and draw the 
lip and cheeks downward by hard, vigorous muscular action. 
This, Dr. J. W. Greene, in the Greene brothers' method of 
impression, calls muscle trimming. The best position in 
which the operator may stand while taking this form of 
impression is directly back of the patient. The partially 
taken impression is removed from the mouth, thoroughly 
chilled, and any excess removed. The peripheral labial and 
buccal borders are warmed over a small, weak Bunsen flame 
and quickly returned to place in the mouth. It is securely 
held in place with one hand, and, while the patient is muscle 
trimming, the operator makes interrupted compression over 
the lip and cheeks with the disengaged hand. It may be 



iv!ODELLil•.'G COMPOUND FOR 11'>1PRESSIONS 115 

necessary to revYarm and muscle trim several times, or an 
addition of soft dry compound may be needed upon portions 
of the rim of the impressions. This addition may be made by 
"tracing on" with a stick of compound. "When the operator 
is satisfied that the rim of the impression is perfectly adapted 
baclnYard to the anterior border of the malar processes, the 
impression is thoroughly chilled, dried, and a small roll of 
soft modelling compound placed along the palatal border, 
upon the maxillary surface, and extended around the tuber
osities to the malar processes. This addition is made quite 
soft in the small Bunsen fiame, carried into the mouth, and 
quickly forced into place, remoYed, and dried. If it has not 
been sufficiently compressed, it is again softened and pressed 
in the mouth. The impression may now be considered 
complete. It is placed in cold water until thoroughly cold, 
and without drying it is replaced in the mouth and very firm 
pressure made upon the lingual surface of the tray while the 
lip and cheeks are lifted and drawn into position over the 
rim of the impression. The fingers are removed from the 
mouth and the patient requested to remm·e the impression. 
If the impression has been properly manipulated it may be 
impossible for an inexperienced patient to remove it. The 
patient should be instructed to dislodge it by working the 
lip and cheeks and closing their lower teeth upon it in every 
vmy possible. Should it prove to be insecure at any place it 
should be corrected, either by softening and muscle trimming, 
or by adding soft compound. 

Rationale.-The reason for this excessively strong adhesion 
is apparent. By this method of taking the impression there 
is absolute contact of the entire periphery of the impression 
except over the malar processes, where there is an automatic 
valve in the soft tissues of the cheek As the peripheral 
border is forced into the soft tissues and either cheek raised, 
the moisture and air occupying the free space "within the 
impression is forced out over the malar process; then, as the 
cheek is lowered, it acts as a Yalve and prevents ingress of 
air. As the pressure is relieved from the lingual surface of 
the trav, the resilience of the"soft tissues under the periphery " ~ 
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of the impression causes a thin vacuum space over nearly 
the whole maxillary surface.1 

This explanation of the strong retention of the impression 
suggests also how to remove the impression, which is done 
by raising the cheek and pulling downward upon the per
iphery of the impression at the malar process. As air is 
admitted the impression is loosened. 

The durability of such strong adhesion and its sequence 
are not relevant at this time, but ~will be discussed in the 
chapter on Retention. 

FIG. 55 

Fig. 55 is a modelling compound impression taken in an 
inefficient cast aluminum base-plate. A close inspection 
will show the muscle trimming, lines showing addition to 
the anterior flange, and a well-marked line showing the 
compressing portion added to the palatal border and tuber
osities. That the student may appreciate the painstaking· 
exactness such an impression requires, it is well to state that 
this individual impression was adjusted to the mouth 
probably fifteen times, but the final result was good. 

1 This description is but a slight modification of the Greene brothers' 
method. 
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THE GREENE-SUPPLEE METHODS FOR MODELLING 
COMPOUND IMPRESSIONS. 

Mr. S. G. Supplee, of New York City, has formulated and 
introduced a system for taking impressions, based upon the 
methods taught by the late Dr. J. W. Greene, which has both 
merit and fallacies. 

It would not be time well spent to try and differentiate the 
methods employed so as to give credit to each man, nor, is it 
at all likely that either man has made a new discovery; but 
great credit is due both of them for creating a new apprecia
tion of old though illy understood truths. They have both 
done meritorious \York in developing an improved technic and 
apparatus for convenience. L'nfol·tunately they were both 
imbued with the commercial spirit and devoted to creating 
something to sell rather than in discovering the underlying 
principles. K or could more be expected, for neither of them 
were grounded in anatomy and ph~·sics, but both have given 
freely of their inspiration. It remains for the profession to 
convert their Yeiled teachings into concrete and classified 
knowledge. These men have done a great work in awaking 
the profession to the possibilities of impression taking in this 
dawn of a ne\'1' era in dental prosthesis. 

".IYI uscle trimming" and "closed -mouth methods" are fal
lacies. The results obtained were due to clever manipula
tion notwithstanding the fallacious methods used. The 
secret of the success of the methods taught by these men was 
entirely due to the palatal adaptation and extension. The 
two methods will be discussed in the chapter on Hetcntion. 

Requirements for impression taking with modelling com-
pound: 

1. Fine quality: low heat compound. 
2. A large and small Bunsen flame. 
3. Hot water of a definite temperature. 
4. Cold water or compressed air. 
5. Trays to suit the fancy of the operator. 
6. A technic. 

The quality of compound should be carefully selected for 
fineness, smoothness, and low heat properties. These prop-
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erties are easily ruined by overheating and repeated use 
which is also unsanitary. 

The ordinary Bunsen flame used in the laboratory will 
suffice for the large, but a small weak gas flame or an alcohol 
lamp is necessary for the small flame. 

Fig. 56 shovvs Mr. Supplec's hot-water heater for working 
modelling compound. It is excellent for its purpose. The 
upper stratum of water should be kept at 160° to 170° F., 
while the water at the bottom of the pan will be approximately 

FIG. 56 

20 degrees cooler. The bottom keeps the stock compound in 
condition for first adaptation, the upper stratum is the suit~ 
able temperature for immersion of compound after heating in 
the Bunsen flame and just before inserting in the mouth. 

Cold water or compressed air is an absolute necessity for 
setting the compound just before removing from the mouth. 

The essential qualities for the trays are, low flanges and 
ease of adaptation. Each of these men have proYided a 
patented set, yes sets, that expressed their conception at the 
time of invention, for the necessary attributes for trays. 
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Others, notably Dr. vV. A. Giffin, prefer to swage a tray, for 
each case, of English dental tin. However, any tray will 
suffice that will support the compound and permit manipula
tion of the periphery of the impression. 

The technic varies with the individuality of the demon
strator. The writer has neYer seen a demonstrator of strong 
personality that exactly follo-wed his instructor. He usually 
insists that certain modifications are essential for "per
fection." However, the underlying principles of all the 
various methods may be summed up in three statements: 

1. Areal contact. 
2. Peripheral bearing with freedom of muscle action. 
3. Extension for retention. 

On page 114 is a general description for the technic of the 
various methods. 

PARTlAL CASES.--Impressions for partial cases without 
undercuts are taken the same as though no teeth were 
present. All partial cases with doYetailed spaces may be 
taken in a tray with little or no labial and buccal flanges. 
First take the impression of the lingual and occlusal surfaces 
of teeth and the required portion of the gum only. This 
portion may be remoyed, trimmed and readjusted as many 
times as necessary. The edentulous spaces are taken one
half through. VYith this portion of the impression held in 
place an impression is taken of the labial and buccal surfaces. 
This second portion of the impression necessarily overlaps the 
first portion, so that the two portions may be accurately 
adjusted out of the mouth. The labial and buccal compound 
may be supported by a strip of sheet tin or aluminum. 

THE HALL METHOD FOR IMPRESSIONS. 

Dr. R upert E. Hall, of Houston, Texas, has devised a method 
for plaster impressions designed to utilize the modelling com
pound principles advocated by the late Dr. J. W. Greene. He 
uses a specially prepared hard black tray compound (The 
S. S. White Dental .:\1fg. Co., maker) for making a suitable 
tray for each case, and a very thin mix of impression plaster, 
which is built up in layers as required. 
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The Hall method is especially adapted to difficult full cases. 
It is not recommended for partial cases. This plaster method 
is superior to the modelling compound methods in that the 
soft mix of plaster is far more delicate and adaptable than 
the compound, and when set it is not distorted by subse
quent treatment. The writer is skeptical of the upper im
pression, taken by this method, being the best that can be 
obtained; however, it is in the right direction. He is highly 
impressed with the method for full lower impressions, and 
believes herein is the solution of those fiat lower ones that are 
so difficult of satisfaction. 

With a few minor changes the following description is in the 
words of Dr. Hall and as such is commended for careful 
consideration. 

The Individual Tray.-The first, or basal essential in the 
taking of a perfect impression is a tray suited to the case; 
in other words, a tray that fits. You see this in the changes 
the prosthetist makes in his metal trays-bending and cut
ting them to secure better adaptation. From the very na
ture of the work a special tray is necessary to get perfect 
results. 

The black impression-tray compound was devised for the 
particular purpose of making these individual trays quickly 
and economically. It is somewhat of the nature of a model
ling composition, but with differences that adapt it specially 
to the making of trays. It is jet black in color to make it 
readily distinguishable; has a high melting-point to assure 
ample rigidity when set or hardened and trimmed to a thin 
edge; and is readily cut as may be desirable in shaping it. 

The Impression MateriaL-The second essential to the mak
ing of a perfect impression is a material of a consistence that 
will yield to the delicate soft tissues of the mouth when it is 
applied, without offering the slightest resistance; and then 
set or harden quickly into a rigid non-elastic mass bearing 
the perfect impress of every detail of the surface with which 
it has been brought into contact. Thin-mixed plaster-so 
thin that it flows-is the ideal material for taking impressions. 
The superiority of plaster as an impression material has al
·ways been recognized. The method described below shows 
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the way to utilize it to get the ideal results that have been the 
aim and the despair of prosthetists from time immemorial. 

Making a Tray.~It is necessary in employing the black 
impression-tray compound to have a few regular metal trays 
of suitable forms and sizes. (S. S. White britannia-metal 
upper trays ~os. 1, 2 and 3, and lower trays Nos. 1, 2, 3, 18 
and 19, are most desirable for this method. In taking lower 
impressions, the Nos. 18 and 19 should be employed whenever 
the conformation of the tissue permits their use.) Take a 
metal tray of the proper shape for the case, but somewhat 
larger than you "~Nould ordinarily use. Fill it with the corn-

FIG. 57.-Palatal view of finished individual cray after trimming 
and scoring. 

pound, softening in hot water~a higher heat vvill be required 
than in softening ordinary modelling composition. Pass it 
over a Bunsen or alcohol flame to soften and remove inequal
ities in the surface and give it a glaze. Plunge quickly into 
hot water to wet the surface and prevent sticking to the 
tissues, and as soon as it cools to a bearable degree insert in 
the mouth and secure an impression in the regular way. In 
a short time it can be removed from the mouth and placed in 
cold water to harden. 

Hemove the compound impression from the metal tray, 
trim away the compound until you have a thin tray form; 
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the inner surface of the periphery should also be trimmed to 
allow plenty of room for the plaster to escape freely to prevent 
compression of the tissues. Do not trim the tray too short, 
as otherwise the plaster when applied in the tray may not be 
carried to place; or if it is, it will break off because of the 
unsupported overhang. If you should happen to trim the 
tray too short, or need to add to it, the difficulty can be reme
died by fusing more of the compound to the form wherever 
desired, inserting in the mouth while soft, and allowing the 
tissues of the mouth to properly shape the tray outline, which 
can then be cut down a little to allow for the plaster. Finally, 
score the maxillary surface to give the plaster a firm hold. 
(Fig. 57.) 

You now have a tray that perfectly conforms to and fits 
the individual case, with no bulky projections or protruding 
edges to impinge upon and distort the soft tissues or push 
them from their normal positions. 

Plaster and Its Manipulation.-Mix clean, fine, quick-setting 
impression plaster very thin. The plaster should be sifted 
thoroughly at. the time it. is used, to be sure that. it. is freed 
from any lumps caused by dehydration, as commonly found in 
plaster. French's Impression Plaster (cans or buckets only) 
should be used; never bulk plaster. 

Mixing the plaster homogeneously of the proper consist
ence is difficult. and extremely uncertain by hit-or-miss 
methods, but. by following the plan here outlined the homo
geneity and consistence of the mix can be perfectly controlled 
and standardized: Place the proper quantity of plaster in a 
dipper sieve of a size that will work inside the plaster bowl 
(Fig. 58); provide an excess of water in the bowl and sift the 
plaster into the water as fast as it will sink. When sufficient. 
plaster has dropped to the bottom of the bowl pour off the 
free water-down to the plaster-and you have the correct 
proportions of plaster and water to make the proper mix. 
Little spatulating is necessary-just. enough to assure a 
uniform consistence. You will then have a plaster mix of 
.cream-like character much thinner than is ordinarily used 
in impression taking-thin enough, in fact, to flow readily 
around and over the soft tissues without disturbing them. 
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Because of this thinness it is obvious that the plaster must 
set as quickly as possible after it is inserted in the mouth and 
flowed about the tissues; as otherwise the influx of the secre
tions vYill wash away the plaster before crystallization, thus 
preYenting the close contact with the tissue that is necessary. 
::\o fixed rule for the setting time can be made. Grades of 
plaster Yary in setting time; climatic conditions, room tern-

FIG. 58.-Dipper sieve for sifting plaster. It is used by holding it over 
the plaster bowl, and tapping the rim with the spatula, which assures the 
plaster reaching the water in a finely divided condition, free from lumps and 
debris. 

peratures, the temperature of the water, individually or in 
combination, are all factors that affect the mixing and man
ipulation of plaster. However, as the best results demand 
quick setting the plaster should be so mixed and manipulated 
with regard to varying conditions as to effect the result. 

Upper Impressions.-The taking of upper impressions re
quires a series of applications of plaster, the first of which is 
only to determine the approximate position of the delicate 
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tissues and muscles and to indicate points where the tray 
must be trimmed away. 

FIG. 59.-First trial plaster impression. Note imperfections that make 
a second application of plaster necessary. 

FIG. 60.-Second trial, producing a perfect plaster impression, bringing 
out every detail of the palatal surface and peripheral margin with normal 
muscle relations. 

Have the patient sit erect in a normal position. This 
closes the fauces and prevents the plaster passing down the 
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throat. Fill the tray, insert in the mouth and proceed with 
a wiggling motion to carry the tray to place, being careful to 
use no more force than is absolutely necessary, while the 
patient slowly closes the mouth. 

To expedite and insure a safe removal of the impression 
have the patient close the lips and fill the mouth with air, dis
tending the cheeks and lips, which breaks the adhesion (Fig. 
59). All interfering parts of the tray showing compression of 
the tissues and muscles are cut away and all excess plaster 
removed. A second application of plaster or as many as are 
necessary to correct any imperfections are made until a perfect 
counter-reproduction of the tissues or impression is obtained. 
The average case requires two applications of plaster. 

This method properly carried out ·will produce a perfect 
impression from ·which a plate can be made that, because of its 
accurate adaptation, dispenses with the need of air-chambers, 
suction devices and the like (Fig. 60). 

For Lower Impressions.-In taking a lower impression we 
have the help of gravity in carrying the plaster to place. 
Because of this only one mix of plaster and one trial are 
necessary instead of two or three; but to carry out the work 
correctly and to get the perfect result possible with this 
method it is important that the tray fit as accurately as pos
sible; that is, all long interfering edges must be relieved. 
The most delicate or gentle pressure possible should be em
ployed in bringing the plaster into contact at every point 
without compressing the soft parts. A small handle (that 
will not interfere with the lip) made from the tray compound 
or wax attached to the tray with a hot spatula greatly facili
tates the manipulation of the tray. The tray should never 
be forced against the tissues; but after being inserted prop
erly should be gently "wiggled" to allow the plaster to drop 
in place. 

After the tray carrying the plaster has been inserted, have 
the patient raise the tongue as high as may be, pointing it 
forward; then after the tray is adjusted, drop the tongue to 
rest. This procedure allows the thin plaster to run into every 
space, extending under the tongue wherever there is room. 
Do not trim this off, but preserve it carefully, remembering 
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that wherever the plaster runs rubber may be substituted, 
because it can be depended upon that plaster used as here 
described-very thin-will not compress or displace the 
tissues. The flanges (when extending under the tongue) so 
provided give the plate a larger bearing surface, assure the 
help of the tongue in holding it in place, and diminish the 
opportunities for food to get under the denture. 

This method properly carried out may be depended upon 
to produce lower dentures which, because of their perfect 
adaptation, will have suction, a condition heretofore unknown 
except in rare cases; proving beyond doubt the accuracy of 
the method and its superiority over any other procedure yet 
devised. 

Relieving the Hard Spots.-After the impressions are made, 
try the upper in the mouth and test for fit. Put pressure 
upon one side and the other, as would be exerted in mastieat~ 
ing upon the finished denture. If it rocks, you have evidence 
of a hard area or areas in the palate. Hemove the impression, 
locate the hard areas, outline them upon the maxillary side, 
cut away (with sandpaper-the knife will cause chipping of 
the layers) the plaster at the places indicated until you have 
relieved all pressure or contact between it and the hard areas 
of the palate, and you can no longer rock: and dislodge the 
impression. Sometimes hard areas will be found vvhieh are 
not extensive enough to noticeably affect the fit. They 
should always be outlined and relieved upon the impression, 
or upon the cast with tinfoil at the time of vulcanization, 
because after the denture is worn for a time it may settle and 
ultimately bear upon the hard areas and develop rocking. 

The work is done under normal temperatures-there is no 
distortion through engorgement of the tissues by a high heat. 
The plaster because of its thinness flows naturally into under~ 
cuts and spaces, assuring a perfect reproduction of all parts
soft and hard-in repose, and all surplus escapes. 

Impression Aphorisms.-1. An impression constitutes the 
foundation upon which the success of an artificial denture 
depends. 

2. A suitable impression can be obtained only by studying 
the case and devising a definite scheme of procedure. -
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3. A stock tray should be adapted to the individual case, 
by bending, trimming, and the addition of reinforcement. · 

4. Compression should be made through a. properly 
formed tray by means of reinforcements. No impression 
material has discriminating po>Yer, hence cannot be depended 
upon to make suitable compression. 

5. Plaster of Paris is the best impression material because 
of its plasticity, adaptability, rigidity, friability, and con
trollability. 

6. Modelling compound is valuable in specific cases 
because of its rigidity and workableness. It is Yery delusive 
because of its toughness. 

7. An impression material is of Ya.lue only as it is intelli
gently and skilfully worked. 

8. Plaster of Paris is aseptic because it can be used but 
once. Modelling compound is dangerous because it may 
be used repeatedly and cannot be sterilized by heat without 
destroying its working properties. 

9. Small simple impressions may be taken either in plaster 
of Paris, modelling compound, or wax. 'l'he accuracy \'.'ill 

be in the order named. 
10. The more difficult the case the more essential is the 

pla.ster-of-Paris impression. 



CHAPTER III. 

CASTS. 

Definition.-A cast is a reproduction in plaster of Paris, 
its compou,nds, or some plastic material, of an object or part, 
made from an impression or mold. Casts are used to give 
their negative likeness to an artificial denture. 

"Cnfortunately there is much confusion in dental nomen
clature in the use of the term cast and model. There is no 
authority outside of the dental profession for calling a cast 
a model, as is too commonly done in vulcanite nomenclature; 
and such indifference in the use of technical terms can only 
lower one in the estimation of learned people. "Cast" is 
from lcasta, throvv, and is used in the sense of throwing, 
pouring, or forming a plastic material in a mold or impression. 
The term "cast" is applied to objects made of plaster of 
Paris, wax, and similar substances, while the term casting is 
usually applied to metallic objects formed in molds. 

·l\Iodel is from modus, measure, and is defined as an object 
representing accurately something to be made or already 
existing; a material pattern of natural, heroic, or diminutive 
size. .:\Iodel is differentiated from pattern in that a pattern 
is usually flat, while a model has material contour. 

In sculpture the model is the plaster or clay original of 
the work to be executed in stone or metal; a person who 
does duty as a copy for painters or sculptors. 

A sculptor may idealize his living model; but his workman 
must exactly copy the clay model made for him. 

Even the dressmaking trade uses the term model correctly. 
They use a model to give its form to the human body, also 
to the external surface of the garment. It is only an incident 
that the garment is made over the model, for the object 
sought is to give form to the outer surface of the garment. 

The photographer speaks of his negative, not of his pattern 
( 128) 
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or model. If he uses the term model, he uses it correctly 
and applies it to his subject, not to the intermediate, the 
negative. 

A dentist uses casts, castings, and models, and he should, 
if he is a member of a learned profession, differentiate and 
use his terms intelligently and correctly. A cast is anything 
formed, while in a plastic ·state, in a m old or impression; 
casting (noun) is a term applied to metal casts; and model is 
an object to be copied, but it is a positive, not a negative 
copy. Of all the arts, sciences, and crafts, dentistry alone 
uses the term in both a positive and negative sense. Such 
use is entirely inexcusable, because it leads to confusion of 
thought; besides there is no dearth of correct terms in 
common use. 

It is interesting to note the origin of this use of the term 
model in dentistry. At the time of the introduction of vul
canite, during the fifties of the last century, plaster models 
were in constant use for constructing dies for metal base
plates. As vulcanite work is constructed upon the plaster 
form in place of a metal form, it was only natural that the 
familiar term model should be retained for the new use. 
Unfortunately, the teachers and 'vriters of text-books at the 
time of the introduction of vulcanite did not give sufficient 
thought to the philology of the glossary required for the new 
art; hence some of the terms that have come down, even to 
this day, are not scientific. 

A plaster model is never used in vulcanite work as ordi
narily constructed. Plaster casts are used. A plaster cast 
gives its negative likeness only to the inner surface of a 
vulcanite denture, therefore cannot correctly be called a 
model. Orthodontists make plaster casts of cases as records 
of progress and completion. A plaster cast becomes a model 
only when it is used for duplication. The patient's jaws are 
the models, not their plaster reproduction. 

Uses for Casts.-There are two general uses for casts in 
dentistry: (1) as a form over which something is constructed; 
(2) ~s a model or copy. 

Materials for Casts.-The material for casts must be 
chosen with regard to the process to be employed. The 

9 
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materials may be classified as: (1) plaster of Paris; (2) 
Spence plaster compound; (3) plaster compounds known as 
"investment compounds;" (4) vmx and its compounds as 
models for metal castings; (5) new compounds. 

Plaster for Casts.-From the study of the expansion, con
traction, and compressibility of plaster, it is obvious that. its 
use is limited, and that dental operations often require 
casts that are less subject to change by heat and pressure. 
While some operators are accustomed to use building plasters 
for certain purposes, it is better to select from the various 
compounds of plaster for dental use the one designed for the 
work at hand. Failures and imperfections due to the use of 
unsuitable material may thus be avoided. For all purposes, 
when little heat or pressure is to be used, French's regular 
dental plaster serves an excellent purpose. This plaster is 
found in all well-stocked dental supply houses, and is the 
only plaster carried by many of them. 

Spence Plaster Compound.---This is an excellent prepara
tion of plaster of Paris, Portland cement, and chemicals to 
control its setting and expansion properties. This material 
has four times the strength of dental plaster, and the expan
sion is nearly at zero. As the material is now placed upon 
the market, if properly worked, its setting time is about 
the same as slow-setting dental plaster. Dr. Stewart J. 
Spence, of Chattanooga, Tenn., has certainly produced a 
very valuable material for casts which are to be subjected 
to moderate heat and considerable pressure. It is especially 
adapted for casts for vulcanite \vork. 

It may be well at this time to consider tersely the important 
addition to plaster in the production of this compound. 

Portland Cement.-This term was first used in 1824, and 
was given to a patented cement manufactured at Leeds, 
England. It is made by calcining and grinding· a suitable 
mixture of lime and clay. It may be considered as a silicate 
of lime and alumina. There is a greater variety of cements 
grouped under the general heading of Portland cement than 
of plaster. The student should not consider that any mixture 
of cement purchased upon the market and plaster will answer 
the same purpose as that bearing the name of Spence, because 
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the Spence compound is the result of much study and 
experimentation. 

Working Spence Plaster Compound.-The mixing of this 
compound with ·water is much more laborious than mixing 
plaster of Paris. The ratio of water to the compound, as 
now placed upon the market, is one to four. For a cast a 
fiuidounce of \Yater is placed in the plaster bowl, and three 
measured ounces of the compound are added and thoroughly 
spatulated with a Yery stiff spatula until it becomes soft and 
plastic, after which a half-ounce more may be thoroughly 
incorporated. The remaining half-ounce may be better 
added one-half at a time. It must be spatulated and kneaded 
in a bowl until the mass is putty-like in consistency, and if 
on continued \Vorking it becomes too soft, more of the com
pound should be added. \Yhen properly mixed it can be 
handled \Yith the fingers and requires to be ·well-packed and 
jarred in filling the impression. 

Investment Compound Casts.--This class of casts is designed 
to stand high heat, and must be made of a material suitable 
for its intended use. The supply houses furnish many of 
these compounds, ·which answer a good purpose. They con
sist largely of plaster of Paris for a bond to combine the 
material and such materials as vdll well withstand high heat, 
either singly or in combination. Of the materials used may 
be named: Sand (silica), clay, lime, asbestos, pulverized cal
cined fireclay, Portland cement, oxide of iron, pumice stone, 
chalk, etc. 

Working Investment Materials.-These materials 
are worked at about the consistency of plaster of Paris. 
Owing to the small quantity of plaster they contain, they will 
require much less water than pure plaster; usually one 
measure of water to three or four of investment compound. 

Price's Artificial Stone.-This is a recent material invented 
by Dr. Weston A. Price, of Cleveland. It is silicate cement, 
and when properly manipulated it becomes very hard, 
strong, unchangeable, and \Vill withstand the highest heat 
of any compound known in the dental laboratory. 

How Worked.-The powder is mixed with the liquid accom
panying it, upon a mixing slab, with a spatula. It is then 
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formed into the mold or impression of wax, or over the wax 
model. It is permitted to set for a few hours, after which it 
is heated to a full red heat; it is then hard and unchangeable. 
It is excellent for that for which it is designed, but is not 
suitable for ordinary investments. 

Wax and Compounds.-There are a variety of preparations 
in the dental supply houses composed of \Vax, paraffin, gum, 
and terpene. They are formed in a mold or impression, 
and then the wax cast is used as a model for producing a 
metal casting. This material is often carved into form for a 
model. Such a model cannot be spoken of as a cast because 
it was not formed in a cavity. 

Weinstein's Cast Compound.1-This is a calcium, barium 
silicate compound. It is a fine grained, hard and strong 
material. It is slow setting, requiring several hours for 
its maximum hardness. The claim is made for it that it 
neither expands nor shrinks. 

This is a new material with which the writer has had little 
experience.· However, any material offered to the profession 
by :\1 r. L. J. Weinstein is worthy of confidence. Nevertheless 
with the slight experience of the writer he cannot see that he 
would be benefited by substituting it for Spence Plaster 
Compound. 

Magnesium Oxychloride.-Professor J. H. Prothero of the 
.:\orthwestern Lniversity Dental School has experimented 
with and used this material, for casts upon which to vulcanize, 
for some years. His recent work, Prosthetic Dentistry 
(1916), gives a full description of the material and its use. 

He says: "The powder is the heavy oxide of magnesium 
(commercial) and the liquid is the supersaturated solution of 
the chloride of magnesium (commercial). The powder can to 
advantage be mixed with clean sand. Sand 50 to 80 parts 
magnesium oxide 50 to 20 parts. It requires about twelve 
hours to harden.'' 

He further says : "The principal advantages of oxychloride 
of magnesium for casts in vulcanite work are these: hardness, 
density, smoothness of surface and extremely low expansion 

1 Pecso Crown and Bridge-work, page 120. 
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index, less than one-fourth that of the best grades of plaster. 
It is sufficiently impervious to moisture and heat to maintain 
its form without crushing, even under high pressure. 

"Rubber of any shade vulcanized in contact with oxy
chloride of magnesium is hard, dense, elastic, capable of 
taking a high polish, and on account of the density of the 
cast is free from nodules." 

CASTS FOR ARTIFICIAL DENTURES. 

The construction of plaster casts only will be further con
sidered in this chapter, but in discussing each variety of 
artificial denture the cast suitable for the >York will be 
described. 

Use of Impressions.--The preceding chapter treated of im
pressions and how to obtain them. This chapter treats of 
the use of the impression. All base plate artificial dentures 
are constructed over either a cast or casting, therefore for 
each artificial denture it is necessarv to obtain a suitable 
impression from which a cast is obtained. This implies 
that there is a technic for preparing the impression and 
making the cast. 

Preparing the Impression.-A plaster impression is often 
broken in removing it from the mouth. Indeed, often a 
plaster impression can be removed only by fracturing. The 
property of being easily broken is one of the valuable features 
of plaster of Paris. This insures its removal and the accuracy 
of imprint when the fragments are assembled. The impres
sion having been removed (if broken, the fragments arranged 
in order upon a small tray), it is permitted to dry for a few 
minutes (five to thirty), when, any small particles of plaster 
having been removed with an ox-hair brush, or a pointed 
instrument if necessary, the fragments are accurately read
justed in the impression tray and secured with melted 
wax (Figs. 48-52). If any carving is to be done upon. the 
impression, it should be done at this stage of the procedure. 
However, as any carving must be done for a specific pur
pose, instruction as to where and how to do it can be given 
only in describing the work requiring such treatment. The 
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impression is next treated with a separating fluid to facilitate 
the removal of the impression from the cast. 

Separating Fluids.~Thc object of the separating fluid is 
to so treat the surface of the impression that a perfect coun
terpart of the intaglio may be formed of plaster or its com
pounds, and the two easily separated. This is accomplished 
by flowing over the surface of the impression some material 
that will prevent adhesion of the added plaster. The 
desirable properties for a separating medium are as follows: 
(1) It should add as little substance as possible to the surface 
of the impression; (2) it should provide a line of demarcation 
with a distinct penetration of the impression; (3) it should 
not cause chemical changes and injurious effects upon either 
the surface of the cast or the denture to be constructed over 
it; and ( 4) it should give a smooth glazed surface to the cast. 
There are a great variety of materials recommended and used 
for this purpose, but few are extensively used. They may be 
classified as: Alcoholic solutions: (a) shellac, (b) sandarac, 
and (c) other gums and terpenes added to these foundation 
solutions. Acrueous solutions: (a) liquid :;;ilex (silicate of 
soda), (b) soap, (c) borax and shellac, (cl) ammonia or other 
alkaline substances and shellac. Oils, as sperm, lard, sweet, 
or vaselin; and ethereal solutions: (a) of soap and (b) collo
dion. The aniline dyes are used as eoloring matter for some 
of these preparations. ~\Iany of these preparations are kept 
in stock by the supply houses, and some of them under 
fanciful names. 

Perhaps the best and most commonly used method is to 
first saturate the surface of the impression with a thin 
alcoholic solution of shellac, and, when dry, to apply one or 
more coats of alcoholic solution of sandarac. These varnishes 
are made by dissolving one ounce of either gum in 4 ounces 
of alcohol. The solution is greatly facilitated by heating the 
uncorked bottle, containing the gum and alcohol, in simmer
ing water for a half-hour or until dissolved. The stock bottle 
should be kept well corked. If either varnish becomes too 
thick (by evaporation), it should be thinned with cold 
alcohol. The varnishes are applied to the impression with 
a camel-hair brush. Each coat should be permitted to dry 
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before applying another. The shellac varnish will penetrate 
and give a yellovdsh color to the plaster of the impression 
for 3\r of an inch, vYhich is a warning of the approach to the 
cast when cutting away the plaster impression. This may be 
seen in Fig. 61. If the plaster is not well colorcd, it should 
be given another coat of shellac, after which it is given one 
or more coats of sandarac varnish. The shellac penetrates 
and gives depth of color line, and the sandarac remains upon 
the surface and forms a glaze. 

FIG. 61 

Pouring the Impression.-This is a common term used for 
filling the impression. The term is slightly misleading in 
that it implies that the plaster mix is poured into the impres
sion. The plaster batter should be a little thicker than for 
an impression and a trifle too thick to pour. However, it 
must not be so stiff that it will not flow perfectly over the 
surface of the impression when jarred by rapping the tray 
lightly upon the table. The same rule (as to the ratio of 
water and plaster) is used for casts as for impressions-that 
is, one measure of water and two measures of regular dental 
plaster. If the mix seems too thin, more dry plaster should 
be added until the mix will stand as placed. However, it 
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must have a pronounced glossy or watery appearance, and 
when this characteristic diminishes it is evidence that either 
too much plaster has been added or that crystallization has 
commenced. The surface of the impression should be thor
oughly covered before this deadened appearance begins. 
The student should observe carefully the appearance of his 
plaster mixes, because the quality of the cast depends much . 
upon the manipulation. An excessive amount of plaster 
added to the water or overspatulation interferes with the 
process of cr:ystallization, thus causing increased expansion 
and reduced strength of the cast. 

Technic for Filling the Impressicn.-The surface of the 
impression having been properly varnished while dry, it 
should then be immersed in \Vater until bubbles cease to 
form, the plaster gauged, and smoothly and quickly mixed; a 
portion of the mix (about a teaspoonful) is placed upon the 
higher central portion of the impression and caused to flow 
into the lower portions of the intaglio by rapping the tray 
three or four times upon the plaster bench. Portion after 
portion of the mix is added and jarred into position until the 
intaglio of the impression is full, when the jarring ceases and 
the remainder of the mix is piled on and spread with the 
spatula until the plaster forming the cast is about one-half 
inch thick over the highest portion of the vault. 

Shape for a Plaster Cast.-For the sake of convenience it 
i3 well to adopt such a form as will be best adapted to the 
various uses to which a cast may be put.' A suitable form 
not only favors and expedites future operations, but in some 
cases it affords additional strength. The form affording the 
greatest usefulness is the truncated cone. This form is 
easily given to the cast by inverting the tray while the 
plaster is somewhat soft and gently pressing it down upon 
any smooth surface, as a slab of marble, glass, or metal. If 
the base of the cast is formed upon any rigid material, the 
surface should be slightly oiled, to facilitate the removal 
of the plaster. (A convenient arrangement is to have a 
6-inch square block of wood covered with sheet zinc. This 
will need no oiling, for the sheet metal is flexible and will 
yield to pressure applied at the sides of the cast.) After 
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the filled tray is inverted upon the smooth surface the plaster 
spatula should be passed about it, producing a smooth and 
symmetrical outline. The truncated cone form of an upper 
cast will not be a symmetrical truncated cone, for its base 
·will be a parabola; and the lower one will be horseshoe
shape. Instructors are accustomed to direct that the base 

FIG. 62 

of a lower cast should be made solid (for strength) in place 
of a horseshoe-shape. It is better to sacrifice a portion of 
the strength of the lower cast for the conYenience obtained 
in antagonization of the teeth. Fig. 62 illustrates properly 
formed upper and lower casts. 

Separating Cast from Impression.-There are three steps to 
this operation: (a) remoYing any plaster overhanging the 
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edge of the tray, (b) removing the tray from the impression, 
and (c) removing the impression from the cast. 

A sharp plaster knife is used to cut away any overhanging 
plaster so that the outer edge of the tray is visible. 

If the impression is either wax or plaster, the outer surface 
of the tray should be slightly warmed over a Bunsen flame. 
The heat applied to the tray will soften the wax in contact 
with the tray, and the two may be easily parted. The plaster 
impression is as easily removed from the tray as a wax one, 
provided heat sufficient to soften wax is passed through the 
tray (Fig. 63). This i~ probably accomplished by slightly 
expanding the metal of the tray, and also by generating a 
small amount of steam between the tray and plaster, or at 
least the expansion of the moisture upon the surface of the 
impression next to the tray. A modelling compound impres
sion can be readily removed by rapping upon the outer sur
face of the tray. If the tray is of such shape that the t'vvo 
are dovetailed together, the rapping method may not suffice, 
and heat should be applied. This can be best done by 
placing it in a dish of cold water and applying slow heat. 
Care must be exercised not to apply too much heat or the 
modelling compound will be made very adhesive and will 
adhere both to the tray and cast. 

Separating the impression from the cast can be neatly 
done by the exercise of care. Wax should be slowly warmed 
over a soft flame, and modelling compound in water. Either 
material should be removed from the cast by lifting the outer 
portions and turning them over upon the central mass, when 
it is easily removed. While a separating fluid is not neces
sarily applied to wax and modelling compound impressions, 
nevertheless, if a thin coat of sandarac is dried upon either 
impression before filling, it does facilitate the removal of the 
impression material, provided it has been slightly overheated. 

Plaster impressions may be grouped into two classes to 
conform to as many procedures for separating them from 
their casts: (1) Flat impressions without undercuts. It is 
not necessary to remove these impressions from the tray, 
but by holding them with the cast downward and gently 
rapping upon the tray they will drop from the impression. 
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(2) Prominent :flaring processes. The plaster impression 
should be carefully pared away, with a sharp plaster knife, 
over the crest of the alveolar process, until the shellac line 
of demarcation is visible. The -outer :flange of the impression 
may then be :flaked away. The remaining central portion, 
provided it is not keyed into place, may be lifted out by 
inserting the point of the knife or a wax spatula under any 
convenient edge of the impression. Should the central 
portion not yield to reasonable force, it must be carefully 
notched along the median line, when first one-half and then 
the other may be pushed inward. 

Fw. 63 

C:tsts of Partial Cases.-The principle of construction of 
partial cases is the same as for full cases, but the technic 
varies to suit the conditions. Care must be exercised, in 
applying the separating :fluid to the imprint of the teeth, that 
every portion may be thoroughly co,;ered. This may be 
facilitated by applying an excessive amount of :fluid, and 
using a rotary movement of the brush, or it may be applied 
\vith a pledget of cotton held in a pair of tweezers. While 
drying, the impression should be inverted so that any excess 
may not settle into the depressions of the impression. If 
the impression has been standing for a half-hour it should 
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be dipped in water and the excess water shaken out just 
before filling. If the impression has been standing for sev
eraUhours it should stand in water for three or four minutes 
bef;re filling. This will aid the flow of the plaster and help 

FIG. 64 

FIG. 65 

to prevent air bubbles forming in the plaster of the cast. 
The filling plaster should be caused to flow down one side 
of the deep depressions (as the intaglio of the teeth), thus 
permitting the air to escape from the other. It is well also 
to have a tamping stick to press into the imprints of the 
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teeth. (A small riveting hammer handle with the head cut off 
at the smallest part of the neck is an excellent tamper. Lse 
either end as convenience requires.) Each added portion 
of plaster should be jarred into place. An excellent way 
used by many for strengthening isolated plaster teeth of a 
cast is, as soon as the intaglio of the tooth is filled with soft 
plaster, to force into the centre of each tooth, for its entire 

FIG. 66 

length, a pin or a small diameter ~-inch vvire brad. Much 
care is required in removing the impression from the cast. 
It must first be carved down to the shellac line of demar
cation before any attempt is made at breaking away the 
impression. Fig. 61 shows a plaster cast with the plaster 
about the isolated teeth carved ready for breaking away the 
impression. Fig. 46 shovvs the cast. 
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Repairing Broken Casts.-Plaster casts may be broken 
accidentally. These may be nicely and strongly mended by 
uniting the sections with moderately thin, \Yell-spatulated 
oxyphosphate of zinc cement. The sections should be 
supported until the cement has set sufficiently to be un
yielding to their weight. The cast should then be undis
turbed for at least a half-hour. If the cement is properly 
mixed and the portions of the cast are well pressed together 
the resulting union should be very strong. 

Base-plate Outline.-With a soft lead-pencil the outline 
of the periphery of the denture is traced upon the cast. 
Figs. 64 and 65 show the base-plate outlines for an upper 
and lower denture. 

These outlines represent average cases. In upper cases, 
difficult of retention, the palatal border should extend one
fourth inch or more backward; provided the impression is 
taken in such a manner that the soft tissues are held firmlv 
against its bone foundation. The lower base-plate shoul~l 
always extend to approximately the external and internal 
(mylohyoid) oblique ridges; and in flat eases may extend 
slightly beyond these ridges, provided the edges are turned 
slightly upvvard. 

However, with the modern trend in the technic of im
pression taking and east forming a definite outline is estab
lished, thereby dispensing with the pencil traced outline. 

Fig. 66 illustrates knives for cutting plaster. A is a com
mon form; B is a Wilson knife having a 2i-ineh draw blade 
and a Ji-inch push blade; C is a saddler's k:nife. The sad
dler's knife is a powerful tool for trimming the base of casts 
only. It is used with a rocking motion. All plaster knives 
need frequent grinding, as plaster, and especially Spence 
compound, quickly blunts the edge. 



CHAPTER IV. 

OCCLCSION AND CONTUCR 1\10DELS. 

Use.-Occlude, to strike against or close. This term is 
used to represent the teeth closed in their natural position 
of ease and rest. In this state the condyles of the mandible 
are in their normal retruded position in their glenoid fossfB, 
except in a few cases of acquired abnormal condyle articu
lation. It is apparent that to construct an artificial denture 
much data, other than a cast of the jaw upon which a base
plate is to be worn, is necessary, in securing which the occlu
sion model is an important factor. This occlusion model is 
a mass of material roughly outlined, and indicating the 
normal (probably the natural) relation of the teeth and jmvs 
while at rest. The term "contour" is added to the title to 
imply that the mass of material has been molded or carved 
to such a form as 1vill give the desired contour to the external 
soft tissues of the lower third of the face. Therefore if this 
mass of material which we call the occlusion and contour 
model is truly a model pattern it must be accurately repro
duced in the essentials which it represents. However, this 
does not mean that the forms of the teeth should be carved 
in these models because the teeth are not to be made by the 
prosthetist (they may be obtained of the trade in much 
better form and strength than would be possible to produce 
in the dental laboratory); but it does mean that the lines 
indicated by the occlusion and contour models are to be 
permanently retained. This implies that thought and 
technic are to be employed in constructing these models. 
The student should have fixed in his mind the idea that the 
two primary objects of these models are to establish the 
position of the artificial teeth when at rest, and to give 
harmonious contour to the soft tissues covering the artificial 
dentures. In addition to these primary factors they are 

(143) 
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used to record other important data, such as the high and 
low lip lines, also the median line and the slit of the lips. 
They may record the plane of the teeth, and aid in estab
lishing the condyle path; or they may ignore the plane of the 
teeth and establish the condyle path. 

Materials Used.-vVax and its combinations, modelling 
compound, gutta-percha, resinous preparations, and possibly 
plaster of Paris, may be named as the materials of which 
occlusion and contour models are made. These materials are 
used by the profession in the order named. The materials 
are attached to a base-plate, either a temporary one or 
the base-plate upon which the teeth are to be permanently 
mounted. 

vVax is most commonly used as well as most misused for 
the purpose under consideration. 

THE BITE. 

This term is generally used in connection with the use of 
wax for obtaining the relation between the jaws and teeth. 
The word bite is of Anglo-Saxon origin, and means "split;" 
hence it is used in the sense of cut, lacerate, take severe hold 
of, and similar ideas. As applied to dental technology, it 
means to cut into a mass of soft wax with the teeth or bare 
gums. The term is inelegant and unscientific, and except for 
a very limited use it is non-expressive and associated with 
pernicious methods. The term should never be applied to 
occlusion and contour models. The term wax-bite is known 
by several other inelegant terms, as mush-bite, quash-bite, 
hunk-bite, and like terms. They all refer to the common 
practice of placing a mass of wax in the mouth and requiring 
the patient to bite into it. To bite, cut: As in 95 per cent. 
of cases the upper incisors overlap the lower incisors, to bite 
or cut means to bring the lower incisors forward and in 
contact with the upper incisors, thus inviting the patient 
to do the thing that is the bete noir of the dentist in mount
ing artificial teeth. The first requirement in obtaining 
the desired relation between the jaws and teeth is that the 
mandible shall be in its most retruded position. There is 
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but one class of eases where the prosthetist should ever use 
the quash-bite, and that is where there are two or more 
natural teeth that have the required occlusion, but not 
enough points of contact to support the casts while being 
attached to the articulated fmmes. If contour and other 
data provided by occlusion and contour models are not 
desired, then, and then only, may the quash-bite be used 
advantageously. As an illustration of an appropriate place 
to use a quash-bite, an imaginary case may be considered, 
consisting of a full lower natural denture and the six anterior, 
right first bicuspid and left second molar remaining in the 
upper jmv, the bicuspid and molar only in occlusion. Such 
a case would be the most favorable imaginable for casts 
with only two points of contact being self-sustained; and it 
is surprising to the student, no matter how he may have 
bolstered the casts with pieces of wax before mounting on 
the articulated frames, to find how much the finished den
tures may be off from perfect occlusion. This is easily 
understood \vhen consideration is given to the points of 
contact as fulcra and the distant positions for the left first 
bicuspid and right second molar as ends of a lever. A very 
slight movement at the fulcra ·IYill mean relatively a large 
amount at the ends of the lever. A modification of this 
supposed case would be having the retained second molar 
upon the right side; it would then be eYident that some 
means of establishing the relationship of the left side would 
be necessarv. As a result of the consideration of these 
imaginary ~ases this rule may be established: All partial 
cases, unless they have three or more widely separated 
points of occlusal contact, require occlusion guides. Quash
bites may serve an excellent purpose as occlusion guides. A 
suitable quash-bite for the case just considered would be to 
form a crescent-shaped mass of soft wax of a little greater 
thickness than the space between the teeth of the lower 
jaw and the gum of the upper jaw, and having imbedded in 
it a 14-gauge soft-iron \Yire stiffener. This prepared mass of 
wax is placed just inside the anterior teeth, with the ends 
occupying the edentulous spaces. The patient is then in
structed to close and hold the teeth together firmly. The 

10 
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operator should press against the extruding wax, molding 
it firmly against the buccal surfaces of the teeth and gums. 
The patient is then instructed to open the mouth moderately 
wide, when the operator should remove the wax with as 
little distortion as possible. It should then be made hard 
by placing in cold water, after which it is dried, trimmed 
of excess wax, and a small roll of soft wax placed in the 
imprint of the gums. It is then readjusted in the mouth 
and the mouth firmly closed upon it. This will correct any 
imperfections caused by manipulating the soft mass of wax. 
In using this wax occlusion guide care should be exercised 
to see that excessive portions of plaster or wax do not prevent 
the plaster casts going fully to place. Usually the casts or 
wax guides will require considerable trimming to permit of 
adjustment. 

Ocdusion rnodels require a well-adjusted base-plate. The 
base-plate of the artificial denture being permanently con
structed is the very best that can be provided for occlusion 
models. In fact, the best results can only be obtained in 
artificial dentures by first constructing the base-plate. This 
statement will invite disagreement, nevertheless the state
ment is tenable and will be demonstrated. However, where 
the single vulcanization method is to be employed in making 
an artificial denture, a temporary base-plate will necessarily 
be constructed for the occlusion modeL There are several 
materials used for this purpose, as l 6 -inch thick sheets of 
wax, paraffin, modelling compound, gutta-percha and 
"ideal base-plate," and similar preparations obtainable at 
the supply houses. These preparations are composed of 
shellac or a similar substance. 

Methods for forming a base-plate of tin are used by a few 
operators, as swaging a base-plate of sheet block tin, and 
by burnishing tinfoil over the cast. Excellent results by 
the burnishing method may be obtained by the following 
technic: Adapt a sheet of ~o. 20 tinfoil to the plaster cast 
with the fingers and thumbs; the surplus is cut away with 
scissors, after which the tin is burnished with a steel or 
agate burnisher. Care should be exercised not to use suffi
cient force to mar the face of the cast. A second sheet is 
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adapted to the burnished sheet by the fingers and thumbs, 
removed, and trimmed. A small dab of thick sandarac var
nish is placed upon the centre of the burnished sheet when 
the second sheet is readjusted and burnished, beginning at 
the centre and working outward. Layer after layer is thus 
added until the required thickness is obtained. After the 
first sheet of :K" o. 20 is adjusted a heavier foil may be used 
if preferred. 

Paraffin Base-plate.-Paraffin is found in the supply houses 
in the form of thin sheets put up in half-pound boxes. It is 
usually called pink wax because of the color the manu
facturers have given it. This material is used by slightly 
warming it over a smokeless flame and adapting it to the 
plaster cast. The excess base-plate wax is trimmed away 
with a ·warm wax spatula at the indicated peripheral outline 
of the artificial denture. An excellent addition may be made 
to this paraffin base-plate by first adapting a sheet of tinfoil 
to the cast. This will prevent the paraffin, if overheated, 
from adhering to the cast, and also add some rigidity to the 
base-plate. The principal objection to wax or paraffin as a 
base-plate is that it is not rigid enough to retain its form 
while adjusting the occlusal model, and later the mounted 
teeth, to the mouth. For this reason some operators make 
this temporary base-plate of modelling compound, gutta
percha, or of the various resinous preparations offered for 
sale. The temporary base-plate having been formed OYer the 
cast, it is well to try it in the mouth and prove the correct
ness of its adaptation and peripheral outline. This is not 
very satisfactorily done with the less rigid base-plate, but 
-vvith the permanent base-plates of vulcanite or metal it is 
a most important step in the procedure. 2\1ention is made 
of this fact to impress the idea that the most commonly 
used method is the most unsatisfactorY and unreliable one. 
The base-plate (when adjusted) is rem~ved from the mouth, 
dried, and replaced upon the cast, a roll of softened pure 
yellow wax is molded over the ridge of the base-plate to the 
estimated length and fulness of the lip, when it is tried in 
the mouth and manipulated to the required contour. (The 
full details of contouring the occlusion model can only be 
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properly considered under the subject of Esthetics, Chapter 
XVI.) The edge of the wax rim should come to, and thus 
indicate, the lip line. If the occlusion model is an upper one 
to be adapted to a full lower artificial or natural denture, 
the occlusal border of the wax rim must be trimmed to 
evenly press upon the opposing denture. It is not necessary 
to trim so as to have perfect contact of the occlusal border, 
but there must be at least four well-spaced points of con
tact, then a small flattened roll of soft wax placed along 
the occlusal border and closed upon will make perfect con
tact. If the occlusion models are being formed for an upper 
and lower edentulous case, the occlusal border should 
represent the plane of the teeth (see Chapter I). This is 
accomplished by having the occlusal border of the upper 
model exactly at the slit of the lips and extending straight 
backward parallel with the, imaginary line drawn from the 
base of the nose to the lower border of the external auditory 
meatus, or the line dividing the middle and lmver thirds 
of the face (Fig. 1). 

Modelling Compound Technic.-The following description 
is a quotation from Dr. Charles R. Turner, in the American 
Text-bool;; of Prosthetic Dentistry: 

"For the Upper Jaw.--To construct a bite-plate of modelling 
composition for the upper jaw, the cast should be placed 
upon its base on the work-bench with the distal portion 
toward the operator. The method of making the bite-plate 
in one piece proposed by Dr. W. W. Evans is to be recom
mended. Three-fourths of a cake of modelling composition 
is softened in warm 1vater, kneaded in the hands until homo
geneous, and rolled into an ellipsoid about two inches long. 
One side of this should be thinned out by pressure between 
the fingers, and the mass so placed upon the cast that the 
thinned portion projects slightly beyond the posterior margin 
of the plate outline. By manipulation with the thumbs the 
remainder of the compound is gradually worked forward so 
that the vault of the cast is covered by it to the thickness 
of about 332 of an inch. The thickness of this may be readily 
gauged, for the cast chills the material as it comes in contact 
with it, thus hardening it, while the overlying soft portion 
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may be pushed forward. vVhen the top of the alveolar ridge 
has been reached, the compound should be carried over it 
and slightly beyond the plate outline, along the labial and 
buccal surfaces, the most of the mass, however, remaining 
upon the ridge and being shaped to represent the occlusal 
portion of the bite-plate. The probable relation of this part 
of the artificial denture to the alveolar ridge and the prob
able fulness of the buccal and labial portions should be borne 
in mind and the compound disposed accordingly, since the 
bite-plate when completed should be a rough model for the 
denture in these particulars. It should be taken from the 
cast and its margin brought into close contact therewith 
around the plate outline. This is to insure firm retention 
of the plate in the mouth, vvhich is of the greatest importance, 
and should be secured, even if it be necessary to make at this 
time the changes in the surface of the cast which provide for 
the adhesion of the future denture. The form of the bite
plate at this time is largely tentative, as it is purposed to 
complete its modelling when the bite is taken, in accordance 
with the requirements which shall then be indicated. During 
the process of forming the plate, to prevent adhesion, the 
hands should be wet and the compound occasionally taken 
off the cast to break up its adhesion while it is soft, and then 
replaced, but under no circumstances must the cast be wet, 
as this will injure it for subsequent use. Hubbing its surface 
with soapstone or talcum powder will effectually prevent the 
adhesion of the compound. 

"It is possible to construct the plate in two portions, that in 
contact with the mucous membrane being made of one piece 
of modelling compound rolled into a thin sheet and adapted 
to the cast, that representing the occlusal portion being 
formed of a roll bent to the shape of the alveolar ridge, and 
made to adhere by dry heat. The occlusal portion is made 
of wax by some practitioners because of the greater ease with 
·which it may be carved, but its softness and tendency to 
yield under pressure make it less safe than modelling com
pound in preserving a fixed distance between the jaws. 

"The Lower Bite-plate.-The lower bite-plate is more easily 
made than the upper. With the cast face up on the work-
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bench, a piece of compound equal to about one-half of a 
sheet is softened and worked into a long uniform roll, bent 
to the shape of the alveolar process, and placed upon its 
summit. With the thumbs and fingers it is worked down 
the lingual and labial sides to a point slightly beyond the 
plate outline, that portion over the ridge being shaped to 
represent this part of the future lower plate and made to 
correspond in outline to the arch of the upper bite-plate. It 
is removed and trimmed to the plate outline like the upper, 
its occlusal surface being left rough. If the lower plate must . 
be very thin, it may be strengthened by imbedding in it a 
piece of iron or brass wire shaped to conform to the alveolar 
outline.'' 

Modelling Compound Base-plate.-The preceding method, 
as described by Dr. Turner, consists of forming the base
plate and occlusion model of one piece. Another method is 
to form the base-plate of a thin sheet of modelling compound 
and building up the occlusion and contour portion with 
yellow or pink wax. 

Technic.-The plaster cast is covered with a sheet of tin
foil or pattern tin, by adjusting the tin with the thumb and 
finger. It is not necessary to adjust the foil accurately, for 
the following step of adapting the modelling compound will 
perfectly adjust the foil. The modelling compound should 
be rolled or pressed into a sheet T1

6 to -3\ of an inch thick. 
The sheet may be formed by rolling with a moistened wooden 
roller or pressing it with the fingers upon a warm plate 
of glass. The glass slab should be slightly lubricated with 
vaselin, or moistened with water, to prevent adhesion. The 
warm and pliable sheet of modelling compound is quickly 
and accurately adjusted to the plaster cast over the tinfoil, 
and trimmed to the peripheral outline of the desired plate. 
The tinfoil serves a double purpose; it renders easy the 
removal of the base-plate from the east, and prevents soiling 
of the east should the compound be overheated in any sub
sequent operation. Any portion of the modelling compound 
base-plate that may not be perfectly adjusted may be per
fected by passing repeatedly over the Bunsen flame and 
conforming with the fingers slightly moistened. 
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Gutta-percha and the Resinoid Preparations.-These are 
obtained at the supply houses in sheets about l 6 of an inch 
thick. They are both manipulated in the same manner as 
the thin sheets of modelling compound, and will not need 
further description. 

Vulcanite Base-plate.-This form of base-plate is applicable 
only where there is considerable recession of the alveoli. 
It is apparent that a vulcanite base-plate must have con
siderable thickness for strength and rigidity; and admit of 
sufficient added material to attach the teeth and to give the 
indicated restoration without overdistending the supported 
soft tissues. 

The advantages of a vulcanite base-plate are: (1) It detects 
a faulty impression before much work has been done. (2) It 
permits study of the retention of the artificial denture. If 
it is evident that the impression was defective, or that the 
devised scheme for retention is insufficient, a new impression 
may be taken and the mistakes corrected without much loss 
of time and labor. (3) It gives stability and proper support 
to the subsequent operation of construction. 

The only disadvantage in the vulcanite base-plate, where 
it is indicated, is that the finished artificial denture has a 
portion of its substance vulcanized a second time. As rubber 
contracts every time it is vulcanized the revulcanized base
plate does necessarily slightly change form; hmvever, it 
would be illogical to condemn the method for this reason 
unless repairing is unallo>vable. Some have thought that 
the revulcanization of a portion of the denture weakened it. 
This cannot be, as the revulcanized portion is next to the 
fulcrum (gum) and the fracture must begin in the surface 
farthest from the fulcrum, that is, in the portion but once 
vulcanized. Further, the base-plate being revulcanized is 
harder, more rigid and less flexible, hence .is a firmer support 
for the superstructure. However, the student should know 
that it is essential that the heavy bearings of the base-plate 
upon the tissues must be properly located, and that there is 
danger of warping in the second vulcanization. This phase 
of the subject will be considered in the technic of double 
vulcanization. 
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'Vulcanite Base-plate Technic.-A suitably prepared cast 
of plaster of Paris or Spcnce plaster compound having been 
obtained, it is preferably (though not necessarily) overlaid 
with a sheet of thin tinfoil, after which a sheet of slightly 
softened paraffin (pink wax) is accurately adjusted to the 
cast over the tin protection. The excess wax and tin are 
cut away at the previously indicated peripheral outline for 
the base-plate. A roll of yellow wax i inch diameter (made 
by rolling between two flat surfaces) is adapted by finger 
pressure to the labial and buccal periphery ineluding the tub
erosities in the upper, but also extending the entire length of 
lingual periphery in the lower base-plate. The -vvax rim is 
pressed into place with the finger, but it is luted and carved 
with a warmed wax spatula and knife. This additional is not 
shown in Fig. 67, but result is shown in Fig. 69. The technic 
of this wax rim is further described in the chapter on Alumi-

FIG. 67 

num Base-plate (X). The advantages of the peripheral addi
tions are rigidity of base-plate, and a finish margin. The 
edge of the wax base-plate is then carefully sealed to the cast 
with a hot wax spatula. 

The cast and model base-plate is flasked in a Star or Wilson 
flask, the flask opened, model base-plate removed, surface 
of the cast finished (either silex or tin), packed with rubber, 
flask closed, and the case vulcanized. After the vulcanization 
is complete and the vulcanizer cold, the base-plate is removed 
from the flask, cleaned of plaster, the edges filed, and the 
outer surface scraped to give a suitable surface for the attach
ment of the rubber at the time of second vulcanization. 
The inner surface, or the surface to rest upon the soft tissues 
should not be changed except to remove any excrescences 
produced by defects on the surface of the cast. Fig. 67 
shows a vulcanite base-plate. 
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This outline sketch has introduced several laboratory 
processes, which will be discussed in their proper place. 

Metal Base-plates.--vVhen an artificial denture is to be 
constructed upon a metal base, the base-plate is formed 
either by the casting or swaging method. It is obvious 
that the base-plate constructed as a component part of the 
finished artificial denture is the very best base-plate for the 
occlusion and contour models. Therefore the vulcanite and 
metal base-plates are to be much preferred to the temporary 
base-plates formed of wax or of the gum or resinous prepara
tions. 

The base-plate, of whatever material, having been adjusted 
to the mouth, the walls of the model are to be built up of 
either pure yellow beeswax, white wax, pink wax (paraffin), or 
modelling compound. Their rigidity is in the inverse order 
as n:,tmed. The ease of manipulation is in the order given. 
The yello\Y wax is the least rigid, but because of its ease 
of manipulation it is most commonly used for building up 
the occlusion ·walls. The student should constantly bear in 
mind this one deficiency of yellow wax, although the material 
is commended to him because of its desirable properties for 
subsequent procedures. .::\o matter, at this time, which 
material is selected, the material will be manipulated in the 
same manner, so far as construction is concerned. Having 
placed the base-plate on the cast, a cylindrical roll of the 
softened material of sufficient length to cover the crest of the 
alveolar ridge, and in diameter varying from t to i of an 
inch, according to the amount of space to be filled, is con
formed by manipulating \'>'ith the fingers and thumbs to the 
ridge portion of the base-plate. The plastic material is luted 
to the base-plate by the use of a hot spatula. The labial and 
buccal surfaces are added to or carved away as may be 
necessary to give the required contour for the support of the 
lip and cheeks. This first shaping is entirely by guesswork; 
however, this is only to give it general form for trying in 
the mouth. 

The esthetic manipulation of the plastic material to the 
mouth ·will be treated of in the chapter on Esthetics. The 
occlusal surface of the plastic rim must be a perfectly flat 
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surface, and as this edge forms the occlusal plane or teeth 
plane, it must be correctly located. The perpendicular 
length of the plastic rim is indicated by the length of the 
lip, and is located by the slit of the mouth when the lips are 
perfectly relaxed and at rest. The slit of the lip marks the 
anterior border of the plastic rim, but from that point back
ward the length is indicated only by the naso-auditory
meatus line (see Fig. 1, also Chapter I). The occlusal 
surface is carved from or added to until the required plane 
is obtained. 

FIG. 68 

The method of testing this wax plane is to place the occlu
sion model in the mouth, and a straight edge placed against 
the occlusal surface and extending 4 inches from the mouth 
will indicate whether the occlusal surface of the occlusion 
model is parallel with the naso-auditory-meatus line or not 
(Fig. 68). Should the student have trouble in carrying this 
naso-auditory-meatus line with his eye, he can' stretch a 
string so as to include the two points named, thus ascer
taining whether the string and straight edge are parallel 
or not. A suitable straight edge may be formed of a thin 
sheet of metal, horn, or vulcanite. T t should be 2 inches 
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wide at one end and 6 inches long. After the correct occlusal 
plane has been established and any deficiencies noticed 
filled in, the occlusion model is pressed upon a flat surface 
·with sufficient force to give a true even plane to the occlusal 
surface of the model. At all times, in using any force 
upon a base-plate, it should be upon the plaster cast, thus 
avoiding any possibility of warping. Prevention is always 
better than remedying. 

The upper occlusion model having been perfected, it is 
removed from the mouth and placed in cold water. 

The lower model is built up in the same manner as the 
upper and then adjusted to the upper in the mouth. The 
upper model is kept in cold water except during the few 
moments at a time that it is needed in the mouth while 
adjusting the lower. By keeping the upper model cold and 
rigid, all change resulting from closing the mouth will be in 
the softer, lower model. The lower model must be manipu
lated until it has a suitable vertical length, contour, and an 
even pressure upon the occlusal surface of the upper model. 
The occlusion models having been satisfactorily adjusted, 
they are removed and placed in cold water to thoroughly 
chill. 

The patient should be instructed regarding the next step 
of the oper!J,tion, that is, retruding and protruding the chin. 
Often it will require considerable time and patience to 
educate the patient in placing the chin as requested·. It is 
not necessary; in fact, it is better that the patient should 
not place the chin in the extreme protruded position. It 
should be placed in the extreme retruded position and be 
protruded at least one-fourth of an inch. A hand mirror is 
often an aid to the patient in learning to protrude and 
retrude the chin. If the patient does not readily do as 
requested, the operator may demonstrate ·with his own 
mouth the desired movements. The patient having become 
proficient in the exercise, the occlusion models are adjusted 
in the mouth. Should either of the models be refractory and 
not keep its place, it may be temporarily "glued" into place 
by sprinkling the inner surface with powdered gum trag
acanth. 
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The patient is requested to retrude the mandible and close 
the jaws; then to protrude and close. These instructions 
being satisfactorily obeyed, the patient is requested to 
retrude the mandible, close the jaws, and hold the occlusion 
models firmly together. The head is then moderately tilted 
backward. The patient is requested to swallow. The act of 
deglutition necessarily places the mandible in the retruded 
position. 

As a further test that the condyle is at its normal retruded 
position the operator may place his fingers upon the anterior 
portion of the temporal muscles and request the patient to 
moderately pinch the wax occlusion models together three or 
four times. If there is distinct contraction of the anterior 

FIG. 69 

portion· of the temporal muscle the condyles are in their 
normal rest position; but if the mandible is protruded there 
will be hardly a perceptible contraction of the muscle. The 
student may study the value of this diagnostic sign in his 
own person by noting the contraction when he compresses 
the molars and none when the incisors are in contact and 
compressed. 

While the occlusion models are thus firmly occluded, the 
lips are parted and the median line of the face is marked upon 
both models with a sharp instrument. 

The patient is requested to raise the upper lip as high 
as possible by muscular action. Then a horizontal line is 
made indicating the highest point at which the lip can be 
raised. The lower lip is depressed and the low lip line 
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traced. The cheeks are distended and two perpendicular 
lines are drawn upon each buccal surface. These buccal 
lines must extend into both the upper and lo·wer models 
and are used as location marks only (Fig. 69). There are 
now registered upon the occlusion models the length of the 
lips, the median line of the face, and the high and low lip 
lines. Besides these lines used in mounting the teeth, there 
are four buccal lines used in conjunction with the median 
line to properly assemble the models when out of the mouth. 

Condyle Path.-The next record to be made by means of 
the occluding models is the condyle path. By reference to 
Figs. 2 and 5, and Chapter I, it will be seen that there is a 
great variation of the condyle path, that the principal portion 
of the path is a straight and more or less oblique line, but 
if the mandible is protruded to its extreme position the con
dyle has described a ''straightened out" letter S rather than 

FIG. 70 

a nearly straight line; therefore in taking this measurement 
the extreme protrusion is not desired, but one-fourth of an 
inch or a little more will include the portion required. It 
is obvious that if the condyle moves forward and glides down 
the eminentia articularis, and the incisal porti'ons of the occlu
sion models are brought together, the distal or molar portion 
of the occlusion models cannot be in contact; also that if a 
measure is taken of the forward movement of the mandible 
and of the separation of the distal portion of the models, 
sufficient data is obtained to reproduce the condyle path. 
These measurements are easily obtained with Dr. Sno·w's 
"bite gauges" (Fig. 70). The bite gauges consist of a small 
plate of metal with the under side so formed as to be easily 
attached to the occlusal surface of the lower wax model; the 
upper surface of the bite gauge carries a blunt metal spud. A 
bite gauge is mounted near each end of the lovver model by 
wetting the metal and pressing it, flush into the occlusal 
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surface of the model. The patients are told that when the 
lovver model is replaced they are to protrude the mandible 
and close the jaws until the incisal portion of the models are 
in contact. By this means the spud on top of the bite gauge 
will be forced part way into the occlusal surface of the upper 
model, thus in one operation marking the forward position 
of the mand.ible and the distal separation of the occlusion 
models. The lower model is removed from the mouth and 
the bite gauges carefully removed so as not to distort the 
marks made by them. At a future time these bite gauges 
will be returned to their place in the occlusion models and 
establish the condyle path. 

c D 
FIG. 71 

Snow Face Bow.-The remaining data to be obtained is the 
relation of the alveolar process of the maxilla to the condyles. 
This measurement is obtained by the Snow face bow, an 
invention of Dr. George B. Snow, of Buffalo, :'-J. Y. The 
instrument consists of a bow-shaped bar of metal with a 
sliding condyle bar at each end, and at the centre carrying a 
universal clamp and fork for holding the occlusion model. 
A and B are two forms of the fork or mouth piece (Fig. 71). 
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Before attempting to use the face bow the outer tubercle 
of the condyle should be accurately located. By referring 
to the skull (Fig. 2, Chapter I), it will be seen that the 
glenoid fossa in which the condyle rests is just in front of 
the external auditory meatus, that it is inclosed by the 
auditory process at the back, the distal end of the zygoma 
above, and the tubercle of the zygoma or eminentia articularis 
in front. This fossa may be located by pressing with the 
finger upon the face of the patient about one-half inch in 
front of the tragus of the ear, and at the same time requesting 
the patient to widely open the mouth. The outline of the 
depression or fossa should be accurately located. By again 
referring to Fig. 2 it will be seen that the crest of the tubercle 
of the condyle, when in the retruded position, is a little in 
front of the centre of the glenoid fossa. As the mouth is 
closed the tubercle of the condyle may be easily felt in a 
spare patient, but with much difficulty in a very fleshy 
patient. Hovvever, the fossa can always be detected and the 
location of the tubercle of the condyle closely estimated. 
It may be well to mark the location of the tubercle of the con
dyle upon both sides of the face. This may be done with a 
very soft-lead pencil or a small piece of court plaster. 

Face-bow Technic.-The fork of the face bow is removed 
from the clamp and the prongs of the fork sufficiently 
-warmed to permit of their being inserted into the body of the 
upper occlusion model. The tail of the fork should be in the 
median line of the face and parallel with the imaginary 
extension of the occlusal surface of the model. A slight 
variation from the indicated location of the fork will be of 
no consequence, as the universal joint will accommodate itself 
to this. The face bovv is adjusted to the face by sliding the 
condyle bars in so that an equal length of each is on the inside 
of the bow (the notched rings are a means for measuring), 
and the head of the condyle bars \Yill rest firmly upon the 
tubercles of the heads of the condyles. There is sufficient 
spring in the face bow to aid in adjusting and supporting it. 
The condyle bars should be securely clamped in their adjusted 
position. The wax occlusion models are placed in the mouth 
in their normal retruded position, the universal clamp of the 
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face bow is loosely placed over the tail of the fork, and the 
heads of the condyle bars are swung and sprung into position 
upon the tubercles of the condyles. The bow is held in 
position by the left hand while the right hand fastens the 
universal clamp securely. The condyle bars should again be 

FIG.72 

inspected to see that they are properly located. While the 
patient is firmly holding the occlusion models, the lips are 
parted and if the models are properly occluded as indicated 
by the median and four buccal lines, the models may be 
securely united by inserting Dr. Snow's (Fig. 73) four-pronged 

FIG. 73 FIG. 74 

staple upon each side; or, steel belt lacings (Fig. 74) may be 
used. The condyle bars are drawn away from the face, the 
mouth opened, and the united models attached to the face 
bow removed. 

The order of the measurements just given is such as to 
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economize the time of the patient; however, by reversing 
the order of measurements, a slight change of technic and 
detaining the patient longer will assure greater accuracy. 

The face-bow measurement is first obtained and the casts 
and wax occlusion models mounted upon the antagonizer. 
This procedure may be much expedited ~without detriment 
by adding an accelerator to the luting plaster. The wax 
occlusion models are then returned to the mouth with the 
bite gauges in place and the protruded or forward position 
of the condyle marked. 

The Christensen method of recording the condyle path 
consists of placing a small mass of softened \Vax at the ends 
of the lower occlusion model, in place of the Snow bite 
gauges. With either method the occlusion models are 
united with the four-pronged staples. The occlusion models 
are then returned to the antagonizer and it adjusted. 

Attention.-With either method for obtaining the condyle 
path equal pressure must be obtained at the regions of the 
molars and incisors. The danger is, that excessive pressure 
will be made at the molar region, and that the incisal por
tion of the lower occlusion model will be lifted from the 
gum, thereby recording a steep condyle when only a slight 
one exists. Test the relationship with a fiat spahda. 

Resume and Observation.-The object of this chapter has 
to differentiate between the wax-bite and the occlu

sion and contour models; also to teach their use and how to 
construct them. 

It should be observed that the wax-bite (often called the 
9uash-bite) is very limited in its usefulness, that it is very 
madequate for any purpose except as location guides for 
partial cases. The quash-bite used for constructing com
plete artificial dentures belongs to that class of short-cut 
procedures essayed by charlatans and ignorant persons. 
No operator with an intelligent conception of the anatomy 
and physics of mastication can place any confidence in such 
methods. It is true that the quash-bite has been very 
largely ~sed in the past and is too much used today; never
theless 1t is an empirical method, and can never be asso
ciated with successful prosthesis. 

u 
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It is apparent that the occlusion and contour models are 
the scientific and only practical method of gaining the 
necessary data for constructing useful artificial dentures; 
also that measuring instruments are necessary for obtaining 
data that can be acquired in no other way. In preceding 
sections of this chapter the Snow face bow for obtaining 
the relation of the alveolar processes of the maxilla to the 
condyle, and the bite gauges, for recording two points in 
the movement of the condyle in its path, have been pre
sented. Other important instruments are those of Prof. 
Gysi. 

GYSI MEASURING INSTRUMENTS. 

Prof. Alfred Gysi, of Zurich, Switzerland, gives a very 
lucid description of his instruments for measuring the con
dyle path, the retruded position of the condyle, and the 
rotation points of the condyles, beginning with the January, 
1910, number of the Dental Cosrnos. Since that time Prof. 
Gysi has extensively revised his theories and instruments. 
His latest work appeared in the 1913 Digest and through 
courtesy we are permitted to present the revisions. 

Fig. 75 shows the various instruments in knock-down, 
and the parts named. 

Fig. 76 shows the condyle path register attached to the 
lower wax occlusion model by means of the horseshoe plate, 
and the method of making the measurement. 

Figs. 77 and 78 show the method of completing the meas
urements of the vertical or condyle path. 

Fig. 79 shows the method of holding and using the lateral 
path register. With ground glass resting upon the vertical 
lead-pencils, the register is moved laterally to 'mark the 
starting- or resting-points. The patient is then requested to 
move the mandible repeatedly right and left. 

Fig. 80 and legend shows how to obtain the ;:tngle from the 
tracing on the ground-glass plate. 

Fig. 81 shows the incisor path register in place upon the 
upper wax occlusion model. 

Fig. 82 shows the tracings being made of the incisal path. 
Fig. 83 (preceding Fig. 82) shows the horseshoe plate 



FIG. 75.-The are as follows: 1-2, upper and lower of artict!lar frame which carry the 
and lower Nos. 1 A and B upper and lower bows; Nos. 3-3, straight incisor 
and curved incisor guide pin. The curved is used only when mountin)( models or setting anteriors; 3 
small pin for all set screws; Nos. 4-4, of path register; Nos. 4 A-4 pencii holders 

of condyle Nos. 5-5, lateral register; Nos. 6-·6 A, stand gooseneck for 
No. 7, horseshoe plate; No. 8, degree plate for measuring inclinations of 
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FIG. 76.-The forward and downward movements of the condyles arc 
recorded by the horizontal pencils of the condyle path register. The ends of 
the pencils are placed opposite the condyle heads, a card is held against the 
face with its lower edge parallel with the broad plate of the register, and the 
mandible is caused to exercise its different movements. The movements 
of one condyle at a time are thus recorded. 

FIG. 77.-Shows the mode of measuring the angle formed by the condyle 
path and the lower border of the recording card. 



A. Gysi 

• 

1 Fro. 78.-Shows the completed measurements of the condyle path. 

Fw. 79 
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FIG. 80.~Lateral condyle paths recorded and strengthened. Line 
drawn from "resting point" in one path to "resting point" in the other. 
and perpendiculars erected at these points. Angles may be measured with 
the little plate used for measuring forward paths. 

FIG. 81 FIG. 83 
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with the tracing of the incisor path register in black wax, 
and removed from the lovYer wax occlusion model. 

FIG. 82 

The casts, occlusion models, and measurements are now 
ready for their respective antagonizors. 



CHAPTER V. 

ARTICULATORS AND AXTAGO.NIZORS. 

Definition.-Articulator is a name applied to apparatus 
of many designs. Of these many designs it may truly be 
said that a few are good, that a few others are bad, but that 
the most of them are indifferent. l~nfortunately the name 
is a misnomer, but it is so universally used that it seems a 
useless expenditure of time to more than explain the anomaly. 
The term is used in the anatomical sense, and means "a 
joint," hence the instrument can only rightly be termed an 
articulator because of its hinge joint, not because of the 
operation for which it is designed. The instrument is used 
to assemble artificial teeth in occlusion, and they should be 
in antagonization. The operation for which the instrument 
is intended is to occlude and antagonize the teeth and not 
to articulate the teeth, as is usually stated, for teeth, both 
natural and artificial, can articulate only upon their proxi
mate mesial and distal surfaces; but not upon their occlusal 
surfaces. The name "articulation" for assemblage of the 
teeth is a misnomer, therefore it is absurd to name the instru
ment in conformity with the misnamed operation. 

Under the general term "articulator" two distinct types of 
instruments are included, the simple hinge-joint class called 
articulator (Fig. 84), and the class which make a pretense 
of imitating the temporomandibular articulation called 
anatomical articulator. Hereafter in this book when the 
hinge-joint type is referred to it will be called occlusion 
frame, and when the other type is meant it vYill be called 
the antagonizor. 

Occlusion Frame.-An occlusion frame is a dentist's 
apparatus to secure the open and shut arrangement of 
artificial teeth. 

( 168) 
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Antagonizor.--An antagonizor is a dentist's apparatus to 
secure anatomical and mechanical arrangement of artificial 
teeth. 

FIG. 84 

History.-Guerini gives credit for the original invention 
of this device to J. B. Gariot, about 1805. Many forms of 
the apparatus have since been devised, a few of which are of 
historical interest because they denote professional thought 
and endeavor. 

August 28, 1840, Daniel T. Evans, of Philadelphia, 
obtained a patent for an apparatus having slot and pin 
joints, by means of which, as he expressed it in his speci
fications, "the lower plate is allowed a motion at the joints 
similar to that which is admitted by the condyloid processes 
of the liYing subject" (Fig. 85). 

In 1858 Dr. vV. G. A. Bonwill, of Philadelphia, inYented 
his instrument. He presented the instrument and his 
studies of anatomical antagonization before the American 
Dental Association at .:'-Jiagara Falls, ~. Y., in 1864. Dr. 
Bonwill may be justly called the father of anatomical antago-
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nization and antagonizors because of the volume of research 
work and writing he did upon the subject. "Cndoubtedly 
his genius has inspired all later work in this field of endeavor 
(Fig. 8G). 

In1889 Dr. Richmond S. Hayes, of East Bloomfield, :\. Y., 
received a patent for an antagonizor which embodied at 
least one new feature. He probably was the first to attempt 
to reproduce the downward motion of the condyle. Prof. 

FIG. 85 

Gysi says, speaking of the "forward and downward slope": 
"This fact had previously been noted by two anatomists
Luce, of Boston (1889), and Count Spee (1890)-but their 
work remained unknown to dentists for some years." It 
will be noticed that the earlier date given by Prof. Gysi is 
the same as of the patent paper of Dr. Hayes. 

The Walker antagonizor (Fig. . Dr. George B. Snow, 
of Buffalo, in his paper published in the Dentist's 1Vl agazine, 
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July, 1907, says: "In 1896 Dr. W. E. Walker, then of Pass 
Christian, .Miss., now of :.;ew Orleans, obtained a patent upon 
an antagonizor constructed in much the same manner as the 
Bonwill, but with adjustable;joints for imitating the direction 
of the condyle path. Dr. VValker is the first one who clearly 
recognized the fact that there was a considerable variation 
in the inclination of movements of the condyle upon the 

Fw. 86 

eminentia articularis. He obtained another patent upon 
an instrument by which the inclination of the condyle path 
could be ascertained. This he called a 'facial clinometer.' 
But he also lost sight of the second condition of the problem, 
the correct location of the casts in the antagonizor. Dr. 
Walker made a close study of his subject, and his papers, 
published in the Cosrnos for 1896 and 1897, are well worth 
reading. They are, in fact, nearly exhaustive so far as they 



172 ARTICULATORS AND ANTAGONIZORS 

go, and he is entitled to great credit, much more than he has 
received for their presentation." 

In 1899 Dr. A. De vVitt Gritman, then of Buffalo, but now 
of Philadelphia, and Dr. George B. Snow introduced the 
Gritman antagonizor and the Snow face bow. 

In 1901, in Ash's fiuarterly, and the Cosmos for October, 
1905, Prof. Carl Chistensen describes his antagonizor. In 
the paper previously referred to, Dr. Snow says: "He 

FIG. 87 

(Prof. Christensen) showed at that time his simple and prac
tical method of ascertaining the inclination of the condyle 
path, and transferring it to the antagonizor, thus taking the 
last step necessary for the full solution of the problem of the 
correct antagonization of full dentures. But he did not 
recognize the importance of correctly locating the casts in the 
antagonizor, and in the one which he constructed, which 
much resembles that of Dr. vValker, he unfortunately 
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designed it so that the casts cannot be placed near enough 
to the joints." 

In the Transactions of the Odontological Society o.f Great 
Britain, 1903, J. B. Parfitt described his antagonizor with 
its curved condyle path constructed for each case. This 
instrument required that the ascertained condyle path for 
each individual case be cut out of a sheet of metal and 
clamped to the jaw of the antagonizor. 

In 1907 Dr. George B. Snow introduced the New Century 
Antagonizor (Fig. 88). This instrument is built upon the 
lines of the Gr!tman. The frame is higher arched and 
therefore more open at the back than its predecessor. It 

FIG. 88 

has each bow secured with two set screws. The instrument 
is provided with an extra pair of bo•.vs, the lower of which 
is extra long and the upper bayonet-shaped, thus accommo
dating any thickness of casts. The straight upper bmY has 
a sleeve for marking its position, so that it may be removed 
and returned at vYill. The position of the lower bow is 
registered by the plaster securing the lower cast. It has 
straight-slotted adjustable condyle paths, and metal spuds 
for obtaining the inclination of the paths. The central 
spiral clamping spring is effectual and convenient. There is 
an extension of the slot pin for supporting the face bow. 
The face bow accessory of this instrument has been described 
(Chapter IV). It is a simple, well-constructed, and effectual 



174 ARTICULATORS A.ND ANTAGONIZORS 

instrument. It reproduces most of the essential movements 
of the mandible. It certainly has no equal save one, the 
elaborate instrument of Prof. Gysi. 

Fig. 89 is the Gysi adaptable antagonizor assembled and 
each part named. 

When the antagonizor is used without the help of the 
measuring instruments it is important to place all casts 
so that the occlusal plane is exactly parallel to the table on 

FIG. 89 

which the antagonizor stands, as the degree scales are 
founded on a corresponding horizontal plane. It is also 
important to have the front of the casts at an equal distance 
of 10 cm. from the rear supporting pins, thus forming a 
Bonwill triangle. 

Fig. 90 is the Gysi Simplex, which is a simplified form 
of the Adaptable Antagonizor. 

Fig. 91 is the improved form of the Snow ?\ew Century 
Antagonizor. It is designated the "Acme." This instru-
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ment is provided with the Bennett lateral mandibular move
ment; also, it has the incisal guide pin, a very valuable 
attachment upon any antagonizor. 

Fw. 90 

.Fra. 91 
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Fig. 92 is the new Hall Antagonizor. It is constructed 
upon an entirely different principle than any: other instru
ment herein shown. 

FIG. 92 

MOUNTING. 

How Mounted.-The two types of instruments under con
sideration are for distinct operations. The antagonizors may 
be used as an occlusion frame, but the occlusion frame 
cannot be used as an antagonizor. The operation of occlusion 
is a simple one, while that of antagonization is complex, 
and includes occlusion as one of its factors. 

The occlusion frames are designed to hold the plaster casts 
in a fixed position, but for convenience of mounting the 
teeth upon either cast, the other should be removed suffi
ciently to give finger room for manipulation; hence the 
instrument is provided with a hinge joint, thus permitting 
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removal without loss of relationship. As the instrument is 
designed to hold the casts in a fixed position, it can make 
no difference in what position the casts are mounted in the 
frames, so long as the position is convenient for manipulation. 
Usually the incisor section of the casts are placed at the 
front, but in some partial casts it may convenience the work
man to place the bicuspid section to the front; the relation
ship of the casts, however, \vill be the same. 

The antagonizors being designed to hold the casts and 
mounted teeth in many positions, it is necessary that the 
casts shall be definitely and accurately located; therefore 
specific instruction is required for occlusion frames as a 
class, and each antagonizor; however, of the antagonizors the 
Snow and Gysi only will be further considered in this chapter. 

Mounting upon Occlusion Frames.-Thc plaster casts and 
wax-bite, or occlusion and contour models, as may be had, 
are assembled and united vvith a little melted wax. These 
are placed upon the lower part of the occlusion frame, the 
upper part is adjusted with the set screw so that it 1:vill be 
just free of the upper cast, and the set screw is fixed with 
the jam nut (Fig. 83). The casts are united to the frame 
with a soft mix of plaster; however, if the plaster casts have 
been standing a few hours so as to become dry, they should 
be saturated with water just before mixing the attaching 
plaster. Some of the soft-mixed plaster is placed upon a 
slightly oiled surface; any convenient substance, as glass, 
marble, metal, wood, a piece of paper, or, sheet celluloid (best), 
may be placed upon the work bench and the plaster placed 
upon it. The occlusion frame containing the casts is placed 
on the soft plaster and firmly pressed into place. The upper 
portion of the occlusion frame is raised, soft plaster placed 
upon the upper cast, and the raised portion of the frame 
pressed firmly into it. The soft plaster may be smoothed by 
trmvelling 1vith the plaster spatula (Fig. 27). If the casts 
have been made unnecessarily thick it may be necessary to 
trim them down, otherwise it may be difficult to adjust them 
in the occlusion frames. 

Mounting upon the Snow Antagonizor.-The antagonizor 
1s prepared for the case by adjusting the set screw and 

12 
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making firm its jam nut, so that the bows are parallel to 
each other. The bows are then adjusted to give the necessary 
space to insert the assembled casts and models. This is 
accomplished by sliding the lower bow either up or down and 
using either the straight or bayonet-shaped upper bow, as 
may be required to accommodate the case. The lower cast 
should be so trimmed that the occlusal surfaces of the wax 
models shall be parallel with the lower bow. The case being 
mounted without the face bow, the assembled casts and 
models should be centrally located, with the portion repre
senting the mesial incisal angle of the lower central incisor 
teeth four inches from either condyle joint. The assemblage 
is then united with plaster as described for occlusion frames. 

Mounting with the Face Bow.--The set screw with its jam 
nut having been fixed as described in the preceding paragraph, 
assembled casts, occlusion and contour models, and face 
bow, as described in Chapter IV, are ready for mounting 
in the antagonizor. The condyle bars of the face bow are 
pushed in to their limit and made fast with their jam nuts. 
The head of each condyle bar has a depression which fits 
over the extended slot pin. The heads of the condyle bars 
are adjusted to the antagonizor by springing the face bow 
sufficient to permit the heads to slip over the slot pins. The 
lower cast rests on the lower bow; however, the cast must 
not be attached to the lower bow until the occlusal surface 
of the occlusion model is parallel with the horizontal portion 
of the lower bow. This relationship of cast and bow may be 
secured either by trimming the cast (which is rarely neces
sary), or by pushing in or pulling out the lower bow. The 
lower bow being adjusted, it is secured with its set screws. 
Either the straight or bayonet-shaped upper bow is adjusted 
as may be necessary to clear the upper cast. The casts 
are then made fast to the bows with plaster as previously 
described (Fig. 93). The plaster luting having thoroughly 
hardened, the face bow is removed. The remaining step 
is to secure the inclination of the condyle path. Loosen the 
condyle clamps so the slotted condyle bars may move freely, 
unhook the spiral spring, readjust the bite gauges. (See 
Chapter IV.) The bite gauges being adjusted in both wax 
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FIG. 93 

FIG. 94 

FIG. 95 
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models and the incisal portion of the wax models in contact, 
the slotted condyle bars must assume their respective posi
tions, when they are firmly clamped (Fig. 94). The bite 
gauges are removed and the spiral spring attached (Fig. 95). 

A modification of this method consists in first mounting 
the casts and wax occlusion models upon the antagonizor 
with the face bmv, then returning the wax occlusion models, 
mounted with the bite gauges (or small balls of soft wax
Christensen method) to the mouth and obtaining the meas
urements of the condyle paths. The retention spring of the 
antagonizor is released and the condyle path clamps loosened 
when the wax occlusion models are returned and the condvle 
paths adjusted. • 

Mounting upon the Gysi Antagonizor.-Fig. 96 shows the 
adaptable antagonizor with the condyle path fegister used 
as a face bow, mounted upon the stand v1·ith the goose
neck, ready for attaching the cast to the upper "model 
bow" with plaster. The illustration is self-explanatory. 



CHAPTER VI. 

RUBBER A~D VULCA~ITE.1 

Rubber.-India rubber, or caoutchouc. 
Vulcanite.--A chemical compound of caoutchouc and 

sulphur. 

CAOUTCHOUC. 

History.-Caoutchouc is a native Indian name. India 
rubber is a name given the material because its early use 
in Europe was to remove black-lead pencil marks from paper. 
Dr. Priestley, the distinguished discoverer of oxygen, men
tions this use in a publication of 1770. Caoutchouc must 
have been known in America at a very early period, because 
balls made from the gum of a tree, lighter and bounding 
better than the wind-balls of Castile, are mentioned by 
Herrera when speaking of the amusements of the natives 
of Haiti, in his account of the second voyage of Columbus. 
In a book published in Madrid, 1615, Juan de Torquemada 
mentions a tree which yields it in Mexico, describes the 
mode of collecting the gum, and states that it was made 
into shoes. J\Iore exact information was furnished by a 
French Academician, who visited South America in 1735. 
While the Indians used it more than three hundred years 
ago for water bottles and gum shoes, it was only used in 
the United States and Europe for erasing pencil marks, 
until about 1820, when it was applied to water-proofing 
cloth. As caoutchouc became hard and brittle in cold 
weather and sticky in hot weather, many experiments were 
made to overcome this objectionable quality, which resulted 
in the discovery of vulcanite in 1843. 

1 The history, physical and chemical properties of rubber and vulcanite 
are taken from the author's chapter in Turner's American Text-book of 
Prosthetic Dentistry; however, much enlarged upon in this edition. 

( 182) 
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Physical Properties.-Caoutchouc is the dried milky juice 
(called latex) of various trees and plants. A similar gum 
capable of vulcanization can be obtained from the common 
milkweed and other plants of temperate climates, but it is 
only commercially profitable from certain trees in the tropics. 
The Brazilian or Para (a shipping port on the Amazon River) 
caoutchouc is the product of several species of Siphonia 
(nat. ord. Euphorbiace&), chiefly Siphonia elastica. Bates 
says that this tree is not remarkable in appearance; in bark 
and foliage it is not unlike the European ash, but the trunk, 
like that of all forest trees, shoots up to an immense height 
before throwing off branches. The India rubber produced 
in :'\ew Granada, Ecuador, and Central America is obtained 
from Castilloa elastica; that of East India from the beau
tiful glossy-leaved Ficus elastica, now a common orna
mental plant in conservatories; that of Borneo from G rceola 
elastica; and that of vYest Africa from several species of 
Landolphia and also Ficus. 

After the trees are tapped, the juice is first received in 
clay basins, and then is solidified in various ·ways-as by 
spreading it out in thin layers and evaporating in the sun 
or by the aid of artificial heat; or the emulsion is coagulated 
by the leaves of a kind of vine-a method used in Central 
America-which gives, however, a product inferior to that 
obtained by evaporation. The evaporated product is known 
as "biscuit." The fresh juice has the consistency of cream, 
is yellow, miscible with water, but not with naphtha or other 
solvents of ordinary rubber; its specific gravity is 1.02 to 
1.41; the yield of the gum is about 30 per cent. Pure 
caoutchouc is devoid of odor and is nearly white; it has the 
specific gravity of 0.915. The finest quality of caoutchouc 
is that from Brazil (Para), which has the least impurities; 
the other South and Central American kinds are of medium 
quality; East India rubber ranks next, while the African 
rubber is quite inferior. 

Commercial India rubber is a dark, tough, fibrous sub
stance, possessing elastic properties in the highest degree. 
At the freezing-point of water it hardens and largely loses 
its elasticity. The gum is insoluble in ·water or alcohol, 
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and is not acted upon by alkalies or acids except when the 
latter are concentrated and heat is applied. Jt is soluble in 
ether, chloroform, bisulphide of carbon, naphtha, petroleum, 
benzol, and the essential oils, and in many of the fixed oils 
by the aid of heat. Caoutchouc melts at a temperature of 
250° F. and does not again resume its former elastic state; 
at 600° F., it volatilizes and undergoes decomposition. 

Purifying.-In the manufacture of India rubber the first 
operation is the purification of the crude material. The 
impure rubber is cut into minute shreds and is washed by 
powerful machinery immersed in water, which releases the 
solid impurities. The washed gum is then placed on iron 
tra,ys and dried in a room heated by steam. The material 
then undergoes a process of kneading under very hca vy rollers 
which causes the adhesion of its various pieces to each other 
and ultimately yields a mass or block of India rubber so com
pact that all air-holes, other cells, and interstices disappear. 

Chemistry of Caoutchouc.l-India rubber, as is well-known, 
is the product of the coagulation of the milky juice of a 
large number of trees, creepers, and shrubs. The com
mercial article can hardly be expected to be homogeneous, 
a11d still less a pure product in the chemical sense. Besides 
accidental impurities of sand and fragments, it contains a 
greater or less amount of oily and resinous matter, which 
varies greatly even in the same brand of rubber. Para 
rubber contains from 1 to 2 per cent.; Logus rubber from 
3 to 7 per cent.; Borneo rubber from 6 to 21 per cent.; and 
African flake may contain as high as 64 per cent. Lascelles
Scott gives the composition of a brand of unnamed origin: 

India rubber (gum) 
Albumin 
Resins . 
Essential oils . 
Sugar 
Mineral matter 
Water . 

Per cent. 
37.13 

2.71 
3.44 

Traces 
4.17 
0.23 

52.32 

1 The writer uses as his authority for this paragraph and the subsequent 
ones upon the Chemistry of Vulcanite, "The Chemistry of India Rubber," 
by Car! Otto Weber, Ph.D., published by Charles Griffin & Co., Limited, 
London; J. B. Lippincott Company, Philadelphia, 1903. 
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The pure Para gum consists of soluble and insoluble 
portions, the latter aYeraging about 3.5 per cent. The 
soluble portion has a formula of C10H16, and is the portion 
with which the sulphur combines to form Yulcanite. The 
formula for the insoluble portion is CaoHGsOw. 

VULCANITE. 

History. 1-Charles Goodyear, of New Haven, Conn., dis
coYered the process of curing or vulcanizing India rubber 
in 1843. Thomas Hancock, of England, has been credited 
with making this discovery contemporaneously; but his 
own writings state that he had seen small samples of Good
,year's work, and that after much experimenting he pro
duced the same thing; so the priority of the discovery 
undoubtedly belongs to Goodyear. 

On January 30, 1844, a patent was granted to Charles 
Goodyear for making soft or flexible rubber that would resist 
the action of the usual solvents of caoutchouc, and would not 
be affected by cold or heat if the temperature were not raised 
above the vulcanizing-point. The mixture he preferred was 
caoutchouc, 25 parts; sulphur, 5 parts; and white lead, 7 
parts. This produced soft Yulcanite. 

The process of making hard rubber was patented by 
Nelson Goodyear ::'liay 6, 1851. His formula consisted of 
one-half pound of sulphur to a pound of caoutchouc and 
one-half pound of any one of a long list of earthy substances. 

A patent vvas granted to Charles Goodyear, Jr., "For 
improvement in plates for artificial teeth," dated March 4, 
1855. He says: "The best compound I believe to be one 
pound of India rubber or gutta-percha (or of the two com
bined in suitable proportions) with a half-pound of sulphur, 
together with a suitable quantity of coloring matter. To 
obtain a suitable color, I mix IYith caoutchouc or gutta
percha, Yermilion, oxide of zinc, oxide of iron, or any coloring 
substance that will stand the necessary degree of heat with 

1 This historical sketch of yulcanite is made up largely from the mono
graph, "Instruction in Vulcanite," by Prof. E. \Yildman, M.D., D.D.S., 
Philadelphia; Samuel S. White, 1867. 
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the action of sulphur. This compound, after having been 
molded, is subjected to heat for about six hours, and in so 
doing I gradually raise the heat to about 230° F., say in 
half an hour, and then, unless there be a considerable quantity 
of foreign matter present, the heat may be raised, quickly 
as may be, to about 295° F.; otherwise, I raise the heat more 
slowly and keep the compound at about that temperature for 
the remainder of the six hours, and then allow the whole to 
cool down, when the process will be completed." 

A patent was granted in June, 1857, to H. H. Day for 
vulcanizing very thick pieces of rubber. To accomplish this 
he explains that he mixes with the matter prepared for vul
canization a substance that will prevent its becoming spongy 
or cellular, by absorbing the sulphur gases as fast as gener
ated. The material which he proposed to employ for this 
purpose is ordinary fire clay, but other substances capable 
of absorbing the gas may be employed. 

In Austin G. Day's specification we find some interesting 
remarks upon the nature of rubber compounds. In contra
distinction to :..ielson Goodyear's hard and inflexible sub
stance, he claims his compound to be a hard, but highly 
elastic material obtained by a process differing from that of 

. Goodyear's in the length of time, in the degree of heat, in 
the proportion of the ingredients, and in the mode of equal
izing the temperature. 

Day's composition is one pound of purified Para rubber 
and one-half pound of sulphur. 

He remarks: "In the vulcanizing process there is elimi
nated during the whole operation a constant discharge of 
sulphuretted hydrogen and other sulphuretted gases, which 
must have means of escape through the pores of the mass 
while being vulcanized. By my present improved manage
ment of the heat in vulcanizing, by raising it very gradually, 
step by step, to the highest point, I am enabled to vulcanize 
pieces of an inch or more in thickness with great uniformity 
and perfection. A mixture containing earthy matter may 
be vulcanized in much shorter time than one consisting of 
caoutchouc and sulphur alone, and yet be solid, owing to the 
earthy matter facilitating the escape of the gases generated 



YULCANITE 187 

in its substance during the process. At the same time such 
compositions are destitute of elasticity and flexibility. For 
a piece five-eighths of an inch thick, the time required for 
yulcanizing is thirteen and one-half hours: 

It is held at . 
Then raised to and hold at 
Then raised to and held at 
Then raised to and held at 
Then raised to and held at 

275 ° F., for 6 hours 
280° F., for 3 hours 
290° F., for 2 hours 
295 ° F., for 2 hours 
300° F., for! hour" 

Composition of Vulcanite for Artificial Dentures.-As the 
formulre of the various makes of rubber are "trade secrets" 
of the manufacturers, our knowledge is limited to the general 
specifications of patent papers and the writings which detail 
the experiments of Prof. vVildman and others. 1 

Both the soft pliable and the hard flexible vulcanite are 
used in the construction of dentures. The essential com
ponents of vulcanite are caoutchouc and sulphur, the ratio 
varying according to the use for which the product is de
signed. All other ingredients are for coloring, controls, or to 
cheapen the product. 

The soft pliable Yariety used in dentistry is known as 
Yelum rubber, because its most important use is for vela 
for cleft palates. It contains sulphur to the extent of about 
one-fifth of the weight of the gum. Hard vulcanite, some
times called ebonite, contains by weight one-half as much 
sulphur as caoutchouc. 

Some of the formulas giYen by Prof. Wildman are: 

Caoutchouc . 
Sulphur . 

DAme BHOWN. 

. 48 parts 

. 24 parts 

1 At the time of preparing this (third) edition of the Manual, Dr. R. L. 
Cloments, a scientist specializing in rubber, and, in the employ of The S. S. 
White Dental Mfg. Co., is investigating and improving dental rubbers. 
Samples of rubber of improved formulru have been placed in the hands of 
the writer and upon both practical and laboratory tests have shown much 
improvement in cell texture, toughness, tensile strength, denseness (that 
is, much less porosity in thick masses) and shrinkage. However, this last 
attribute has not been as much improved as the writer trusts it will be soon. 
By reason of the technical training and interest of Dr. Clements the profes
sion may expect, in the near future, not only an improved product, but much 
scientific information regarding this important material. 
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Caoutchouc 
Sulphur . 
Vermilion 

Caoutchouc . 
Sulphur . . . 
White oxide of zinc 
Vermilion 

Caoutchouc 
Sulphur . . . 
White oxide of zinc 

Caoutchouc . 
Sulphur . . 

RED. 

DARK Pnm. 

GRAYISH \VHITE. 

BLACK. 

Ivory black, or drop black 

Caoutchouc . 
Sulphur . . 

JET BLACK. 

Ivory black or drop black . 

48 parts 
24 parts 
36 parts 

48 parts 
24 parts 
30 parts 
10 parts 

48 parts 
24 parts 
96 parts 

48 parts 
24 parts 
24 parts 

48 parts 
24 parts 
48 parts 

If pure caoutchouc is burned, there should be but about 
3 per cent. of dark ash remaining. Sulphur and vermilion 
(mercuric sulphide) leave no ash, hence the percentage of 
ash from rubber containing these materials should be less 
than 3 in the ratio of the amount of these materials to 
the caoutchouc. Some rubbers leave as high as 60 per 
cent. of ash. It would be reasonable to suppose that the 
strength would be reduced in ratio to the amount of the ash, 
but this is not true, as the pure gum and sulphur produce the 
strongest vulcanite; the red and black are nearly the same 
strength, although the black rubber will leave a much larger 
ash than red, because the coloring matter is animal charcoal 
composed largely of phosphate and carbonate of lime, 
while the mercuric sulphide would be entirely volatilized. 
The oxide of zinc and other earthy matter in the pink and 
white rubbers have a very deleterious effect upon the flexi
bility and tenacity of the vulcanized rubber, so much, in fact, 
that these light-colored vulcanites are not one-fourth as 
strong as the brown, red, or black. 
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Physical Properties of Vulcanite.~Vulcanitc is hard, 
flexible, elastic and horn-like in texture. Dr. George B. 
Snow giYes the specific gra~vity of a specimen of black vul
canite as 1.1974, and that of the same piece before vulcan
izing as 1.1333. The specific gravity varies, as it is much 
affected by the coloring matter, and is also increased by 
the temperature and time of vulcanization. Caoutchouc 
expands upon heating. Dr. Snow says: "Rubber expands 
by heat more rapidly than any other solid body. Its rate of 
expansion at ordinary temperature, from 70° to 90° F., is 
over six times that of iron, about five times that of brass, 
and nearly four times that of zinc, which is the most suscep
tible to expansion by heat of any of the metals except mercury. 
Its rate of expansion is known to increase as the temperature 
rises, but it has not been definitely determined." In vul
canizing soon after chemical action begins (248° F.), expan
sion ceases and shrinkage commences, the latter being much 
affected by the contained foreign matter, by a high or low 
temperature, and by a long or short time of vulcanization. 
Its increased specific gravity is due to this shrinkage.l 

The usual solvents of caoutchouc have but little action 
upon vulcanite, and no agent which can be tolerated in the 
mouth has any action upon it. It is susceptible of a high 
polish. It is Ycry opaque, and therefore does not imitate 
well the appearance of the mucous membrane. It is a very 
poor conductor of thermal and electrical changes, in con
sequence of which it is not conducive to the health of the 
tissues upon which it is worn. If well vulcanized it is ex
ceedingly dense, but may be made porous by careless manip
tilation. Great care should be used in vulcanizing rubber 
that is to be worn in the mouth, and the patient should be 
thoroughly instructed in cleansing it. 

New rubber can be added to old vulcanite by reheating; 
hence vulcanite dentures can be easily repaired. It is 
unnecessary to add a solution of rubber to vulcanite to aid 

1 Dr. Snow has made a very fine and proper distinction in the two words 
-contraction and shrinkage. Contraction is the antonym of expansion; 
and shrinkage is a permanent reduction in form. Shrinkage takes place 
while the rubber is under continued heat and the chemical change is taking 
place; whereas contraction takes place with the cooling process only. 
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in its repair, as the solvent has no action upon the vulcanite, 
only leaving a thin layer of soft rubber upon the roughened 
vulcanite; attachment is better accomplished by heat and 
pressure. 

These terse statements of the physical properties of vulcan
ite may profitably be amplified: 

Specific Gravity.--The specific gravity of vulcanite varies 
with its composition and method of vulcanization. The 
following table is sufficiently extensive to elucidate these 
facts. Pure Para gum has a specific gravity of 0.915, and 
sulphur a specific gravity of 1.95; therefore velum rubber 
containing 1 of S and 5 of gum should have a specific gravity 
of 1.06; also, hard vulcanizable rubber containing 1 of S and 
2 of gum should have a specific gravity of 1.26. The table, 
page 191, gives four representative dental rubbers, with the 
coloring matter named in the first column and the specific 
gravity of a specimen of each in the second column. The 
third column gives the specific gravity of each vulcanized 
under a Lewis gas regulator set at 320° F. for one hour and 
twenty minutes. The fourth column gives the specific 
gravity of the rubbers vulcanized at the same time as the 
specimens in the third column, but they were not flasked; 
they were wrapped in tinfoil and submerged in the water. 
The second column shows a great variation in the specific 
gravity of unvulcanized rubbers due to the various coloring 
materials; the third column shows a still greater variation 
due to the quantity and conductivity of the coloring material; 
also this column shows the coloring material exerts a direct 
influence upon the denseness of the vulcanite, as shown 
by the increased specific gravity. The pure black vulcanite 
was increased in specific gravity 0.0496, the red vulcanite 
0.0853, and the 'gold dust 0.0622; therefore gold dust shows 
a condensation over the pure black equivalent to a specific 
gravity of 0.0126, and the red over the black of 0.0357. 
The fourth column shovvs remarkably the action of the heat 
and its conduction upon the vulcanizing process. The tin 
and water being far better conductors of heat than the 
plaster investment, the red and gold-dust vulcanite show a 
further increase of specific gravity, while the pure black 
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shows a decrease of specific gravity to the extent of 0.0008 
less than the unvulcanized rubber. This is explained by the 
poor internal conductivity of the pure black and the rapid 
induration of the surface. 

Coloring Before After vulcani-1 Vulcanized 
Table of specific gravity. material. vulcanized. zation in in tinfoil, not 

flask. fiasked. 

Para oaoutohouo Smoke 0.915 
Sulphur . . . . ..... 1.95+ 
Mercuric sulphide . . . 

·s~~k:~ 
8.2 

Velum rubber (Doherty's) Less than Less than 
1.0 1.0 

Pure black rubber (Doherty's) Drop black 1.1523 1. 2019 1.1515 
Bow spring (White's) HgS 1. 6410 1. 7263 

I 
1. 7421 

Gold dust (Traun's) Aluminum 1.1321 1.1943 1.1972 
powder 

i 

' 

This increasing condensation suggests the question: Does 
revulcanization cause shrinkage? It does. This was 
demonstrated by revulcanizing six times (under the con
ditions described in the preceding paragraph) a piece of 
red vulcanite 66.3 mm. long. Each time revulcanized it 
was carefully measured and showed an average decrease of 
0.25 mm.; or, approximately, 0.5 per cent. for each vulcani
zation, that is, a total of 3.2 per cent. of its length for the 
six revulcanizations. 

Dr. Snow states graphically the relative expansion of 
vulcanite and certain metals. Other authorities give the 
coefficient of expansion as follows: 

Cast iron 
Zinc 
l\1ercury 
Vulcanite 

0.0000055 
0.0000140 
0.0000998 
0.0000636 

Thus it is seen the authorities (Reil and Esch and Thorpe) 
for these figures make the expansion of vulcanite more than 
four times as much as for zinc, the most expanding of the 
solid metals. 

Text-books state that rubber expands until vulcanization 
begins and then shrinkage takes place. This is true. The 
author devised a special vulcanizing apparatus for demon
strating the expansion and shrinkage of vulcanization. It 
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consisted of a brass flask open at the top and a plunger 
cover with a hole through which a thermometer is placed 
in contact with the rubber. The flask is placed in an open 
receptacle filled with glycerin nearly to the top of the flask. 
A two-pound weight is placed upon the plunger cover, also 
an upright making connection with a recording needle which 
enlarges ten times. Heat is applied by an electric heater. 
Red rubber was placed in the flask and the following record 
obtained: From room temperature to 200° F., one-eighth 
inch, and from 200° to 250° F., one inch. The needle 
remained stationary for a short time, then dropped back 
one-eighth inch and so remained until the end of vulcani
zation (320° F., 1 hour), after vvhich it moved back about 
three-sixteenths inch. As both rubber and sulphur melt at 
approximately 250° F. and vulcanization begins at 248° F. it 
is evident that expansion continues until the ingredients are 
melted and union begins, and that the combined shrinkage 
and contraction is greater than the expansion, as shown by the 
increased specific gravity in well-vulcanized rubber. How
ever, the improvised recording vulcanizer did not record 
perfectly the shrinkage of vulcanization because the indurat
ing rubber had greater resistance than the weight applied. 
The shrinkage took place within, in the direction of least 
resistance, thereby forming several large spaces. There was 
no evidence of gas formation associated with these spaces as 
so evident with porous vulcanite when "something has gone 
wrong." 

A practical application of these physical properties cannot 
be made until after a study is made of the chemistry of 
vulcanization, to which attentio.n is now given. 

Chemistry of Vulcanization.-Yulcanization consists of the 
chemical union of caoutchouc and sulphur, probably pro
ducing a series of compounds having the formula C1vH16S2 for 
the highest combination, and CwoH16oS for the lowest, with 
a series from the lowest to the highest. 

Vulcanization can be brought about either by the cold or 
the hot process, and by using with the latter either the dry 
or the wet method. The essential requisite is to secure the 
union of the sulphur with the polyprene (CwHi6). 
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The cold process is by the use of sulphur monochloride, 
and is only suitable for Yery thin layers of rubber, being, 
therefore, not applicable for dental use. An attempt has 
been made to sell to the profession office rights for the use 
of a porcelain enamel for facing vulcanite dentures. This 
method was based upon the . cold vulcanization process. 
While the results ·were an improvement upon ordinary 
pink rubber, the product lacked the translucent effect of 
fused porcelain, its durability was uncertain, and the process 
vvas long and tedious. 

JYir ... Weber, in the \York previously referred to, says: "\Ve 
turn our attention first to the question of the general action 
of sulphur upon India rubber at high temperatures. The 
sulphur bath method might appear from several points of 
view the most suitable method of studying this question, 
but after a number of attempts I abandoned it in favor of 
the method of subjecting carefully prepared homogeneous 
mixtures of Para rubber with a definite amount of sulphur 
to the action of heat. Again, in this case we have the choice 
of several methods of heating, but the one of heating pieces 
of Para mixture of uniform thickness to Yulcanizing tem
peratures when immersed in ·water appeared to me the most 
satisfactory, as it involves the minimum of loss of sulphur 
by evaporation. 

"The experiments were carried on with strips cut from a 
calendered sheet, 3 mm. in thickness~a mixture of 100 
parts of Para rubber with 10 parts of pure precipitated 
sulphur. These strips were vulcanized in a phosphor- bronze 
digester. 

"The digester is provided with a thermometer tube 
(thermometer in mercury), a pressure gauge, and a blow-off 
valve. In the digester a porcelain beaker is suspended so 
that it is clear of the bottom. The digester is filled to about 
one-quarter of its capacity with water; the beaker is com
pletely charged with water, and a number of the strips to 
be experimented upon immersed in it. The digester is then 
closed, rapidly heated to the required temperature, and 
maintained thercat, either by carefully adjusting the gas 
burner, or by means of some form of thermoregulator. At 

1a 
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regular intervals one of the strips is withdrawn after blowing 
off steam and rapidly opening the digester, which is then 
immediately closed again to continue the series. The time 
error caused by these successive withdrawals does not 
exceed four minutes per sample. Of course the water lost 
by the blow-off steam is from time to time made up with 
boiling water. 

"The strips thus withdrawn are marked, and slibsequently 
cut into very fine threads, which are freed from every trace 
of uncombined sulphur by extraction vvith acetone in a 
Soxhlet extractor. The greatest care was employed to render 
this operation perfect, every sample being subjected to a 
three days' continuous extraction. The extracted samples 
were dried in a current of carbonic acid in the water oven, 
and, until analysis, were preserved in carefully stoppered 
glass tubes. 

Vt::LCANIZATION OF PARA RuBBER. 

Temperature of vulcanization. 
Duration of c. 130° c. H0° c 

vulcanization. 8.% 8.% 
30 mins. 0.71 0. 71 0.99 L76 
60 " 1.18 1.32 1.44 2.17 
90 " 1.31 1.67 2.04 2.36 

120 1.62 1. 91 2.32 3.92 5.07 
150 4.02 
180 1.78 2.11 2.94 4.18 6.05 
240 1. 93 2.22 5.00 5.50 
300 2.25 2.35 5.27 6.74 
360 2.60 3.80 5.82 6.88 
420 3.71 4.04 6.04 6.97 
480 3.94 4.31 6.33 7.13 

"About one gram of each of these samples was used for 
analysis. The sulphur determinations were all, without 
exception, carried out by Carius' method, as the results by 
the much simpler and more expeditious method proposed by 
Henriques were found to be liable to an error approaching 
0.1 per cent. in magnitude. In this manner the result 
obtained were as detailed in the table on page 194. 

"These figures amply suffice to demonstrate indisputably 
the fact, even quite recently again denied, that the vulcani
zation of India rubber with sulphur involves the chemical 
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combination of these t\vo substances, at any rate so far as 
the vulcanization of Para rubber is concerned. 

"That different brands of India rubber behave very 
differently in the vulcanization process is a well-known 
fact, but \~'hat we know at this moment respecting the 
composition and chemical relationship of these different 
brands entitles us to assume that, although their behavior 
under vulcanization may not be identical with the Para 
rubber, it will be more or less closely analogous to it." 

Following this, ::\ir. Weber gives a tabulation of his experi
ments with Upper Congo, Beni River, Ceara, and Borneo 
rubber for the same duration of vulcanization and for 125° C. 
and 135° C. He then sums up these experiments thus: 

"The extremely interesting results here tabulated remove 
all doubt that the vulcanization of India rubber is a chemical 
process resulting in the formation of a polyprene sulphide. 
The rate at which the sulphur enters into combination with 
the India rubber hydrocarbon (polyprene) is characteristic 
for each brand of India rubber. Some of the above series 
were repeatedly investigated, always with the same result. 

"There arises now, of course, at once the question as to 
the nature of the process by which sulphur enters into com
bination with the polyprene, vvhether the polyprene sul
phide or sulphides formed are addition or substitution 
products. Certainly svhat we already know respecting the 
chemical nature of India rubber leads us to infer that the 
vulcanization process consists essentially in the formation 
of an addition product of sulphur and polyprene. This 
assumption, ho\Yever, requires support in vie\ov· of the fact 
that quite a number of writers, from Payen to most of the 
recent authors, declare that vulcanization is accompanied 
by the evolution of hydrogen sulphide, thereby implying 
that the process is a substitution and not an addition pro~ 
cess. Indeed, most of the recent authors on this subject 
state this in so many words. \Ye shall therefore have to 
subject this point to a careful examination. 

"Assuming the compound of polyprene and sulphur, which 
indisputably forms in the vulcanization process, to be a 
substitution product, it follows with absolute necessity 
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that for each 32 parts of sulphur combining with the poly
prene, we must obtain 34 parts of hydrogen sulphide. Now, 
in the process of vulcanization as practically carried out, we 
obtain on an average a product containing, say, 2.5 per 
cent. of combined rubber. Consequently the vulcanization 
of one ton of India rubber, on the above assumption, would 
be bound to yield very nearly 60 pounds of hydrogen sul
phide, or approximately 18,000 liters. Considering that 
in a number of factories the amount of India rubber vul
canized daily largely exceeds one ton in weight, we should 
expect to find the vulcanizing rooms of these factories 
reeking with gas. As a matter of fact, however, there is 
scarcely ever a trace of this gas to be discovered in the 
rubber works' atmosphere, and the very rare cases in which 
its presence becomes noticeable may ahvays be considered 
as an indication of something having gone wrong. 

"In the vulcanization of 'hard rubber' goods (ebonite, 
vulcanite) faint but distinct traces of hydrogen sulphide 
are generally, perhaps always, observable, but they could 
not be ascribed to the vulcanization process proper-the 
combination of polyprene with sulphur-which process, if 
it consisted in the substitution of hydrogen for sulphur, 
should cause a perfectly torrential evolution of hydrogen 
sulphide, seeing that hard rubber contains at least 20 per 
cent. of combined sulphur. 

"It is therefore certain that if hydrogen sulphide forms 
at all in the vulcanizing process, its amount is utterly inade
quate to support the assumption that the process of vulcani
zation is a substitution process. 

"Laboratory experiments on this question lead to exactly 
the same conclusion. If the experiments are carried out 
with technically pure Para rubber under conditions abso
lutely precluding the escape of any gaseous product of the 
reaction, very minute traces of hydrogen sulphide may some
times be observed; but in a considerable number of carefully 
devised· experiments with highly purified Para rubber no 
hydrogen sulphide at all could be detected. 

"If, on the other hand, the 'insoluble' part of India rubber 
is mixed with sulphur, and this mixture is subjected to a 
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vulcanizing temperature, say about 135° C., a considerable 
evolution of hydrogen sulphide takes place, due to the for
mation of a substitution product of this insoluble body, 
CaoH6s010, with sulphur. This substitution process certainly 
proceeds much slower than the vulcanization process of 
India rubber (polyprene). Under the same conditions of 
temperature and the time under which polyprene forms a 
vulcanization product containing 4 per cent. of sulphur, the 
above-named insoluble constituent forms a substitution 
product containing at most 0.7 per cent. of sulphur. 

"From these facts we are justified in dravving the following 
conclusions: 

"1. The India-rubber hydrocarbon, polyprene ( C10H16), 
combines with sulphur without evolution of hydrogen 
sulphide. The vulcanization process of India rubber is, 
therefore, an addition process. 

"2. The insoluble constituent of India rubber, which 
forms only an insignificant proportion of the technical prod
uct, not exceeding 5 per cent. of the total, combines with 
sulphur under vulcanizing conditions at a very slow rate, 
with evolution of hydrogen sulphide and with the formation 
of a substitution product. 

"The above conclusively settles the question regarding 
the general chemical aspect of the vulcanization process, 
but it confronts us vvith the further question respecting the 
quantity of sulphur combining with India rubber in this 
process, as well as the more intimate structure of the com
pound thus formed." 

Interesting and instructive as the work of Mr. Weber 
the limits of this chapter will not permit us to follow him in 
detail, but only to give his conclusions: 

"The process of vulcanization consists in the formation of 
a continuous series of addition products of polyprene and 
sulphur, with probably a polyprene sulphide, C10oH160S, as 
the lower, and C10oH16oS2o as the upper limit of the series. 
Physically this series is characterized by the decrease of 
distensibility, and the increase of rigidity, from the lower 
to the upper limit. Which term of the above series, that is, 
which degree of vulcanization is produced, 1s m every case 
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only a function of temperature, time, and the proportion of 
sulphur present. 

"As a chemical reaction the vulcanization process is not 
influenced by the physical state of the India-rubber colloid; 
but the physical state of the India-rubber colloid while 
under vulcanization largely determines the physical con
stants of the vulcanization product." 

From the above we conclude that dental vulcanite is 
essentially polyprene disulphide having the symbol C10H 16S2, 
which contains 32 per cent. of combined sulphur. 

How to Vulcanize Rubber.--Having learned that rubber 
expands excessively in heating up to the vulcanizing tem
perature and shrinks during vulcanization; also that its in
duration is the result of a chemical combination of the poly
prene and sulphur, and that a small amount of hydrogen 
sulphide may be formed, but that it is in nowise an essential 
factor of vulcanization; and further, that there is a diversity 
of opinion as to how rubber should be vulcanized, the author 
instituted the following experiments as a means for establish
ing a rational method for vulcanization: 

A glass marble 31.5 mm. in diameter was ground so as to 
form two parallel flat surfaces 25 mm. apart. This was 
used as a model and :flasked in a vulcanite flask with French's 
regular dental plaster. Five of these molds were made 
and excess spaces cut approximately three-sixteenths inch 
about the mold, but without gateway connections. No. 1 
was filled with bow-spring (representative of the best rub
bers) rubber, the flask closed and held firmly together 
in a Donham clamp (Fig. 101), and vulcanized under the 
Lewis gas regulator set at 320° F. for one hundred minutes. 
It was not removed from the vulcanizer until it normally 
cooled to room temperature. The :flask had opened approx
imately an eighth of an inch. The specimen was sawed 
through the centre of the flat surfaces and disclosed a dense 
rim of approximately 4 mm. thickness, a finely spongy 
interior, and emitted a strong odor of hydrogen sulphide. 
The cross-section measured 28.2 mm., that is, had increased 
in size 3.2 mm. Mold No. 2 was treated in every way the 
same as mold No. 1, except it was vulcanized for three 
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hours. It presented the same general aspect except darker 
in color, and measured but 26.6 mm.; a shrinkage of 1.6 
mm. (or one-half the amount of expansion, of N"o. 1) due to 
the eighty minutes' additional heat. Mold ~o. 3 was filled 
in like manner, but bolted firmly together with three bolts, 
and subjected to heat the same as No. 1. The flat surfaces 
of Nos. 1 and 2 specimens were not distorted, while J'\o. 3 
was slightly convex. The plaster investment was more or 
less crushed and compressed, as shown by the surface of 
the rubber; the internal appearance was the same, but it 
had expanded to a diameter of 28.6 mm., showing great force 
in the expansion. Mold No. 4 was filled in like manner, 
tightly closed in a Donham clamp and vulcanized slowly; 
that is, the Lewis gas regulator was set at 280° F. for one hour, 
at 290° for forty minutes, and at 300° for two hours. The 
section of this specimen showed evenly dense vulcanization 
throughout its mass, but excessive shrinkage. At the per
iphery of the flat surface it measured 23.4 mm., and at the 
centre 22.2 mm. Thus showing a difference of 6.4 mm. in 
thickness of the specimens, due to the methods of applying 
heat. Mold J'\o. 5 was filled with two thicknesses of red 
rubber upon one side and the balance filled in with a good 
quality of plain pink rubber. This was placed in the Donham 
clamp and the Lewis regulator set at 320° F., for ninety 
minutes. There was slight excess rubber forced out, but no 
distortion of the flat surfaces. The section measured 25 mm., 
and showed but slight porosity at its centre. 

Fig. 97 shows graphically the model and five vulcanite 
specimens. 

-,----
-

~ ,...-

!'---"' 
:;;i :;i :;;i 

:;i ::i :;;; 2 :;;; 

2 "' "' "! "'"' 2 

"' ~ ~ ro MN "' 
"' "' "'"' " 
..J 
uJ 0 0 0 0 0 0 uJ uJ uJ uJ uJ 
0 (L (L Q_ (L Q_ 

2 Ul Ul Ul Ul Ul 

2 3 4 5 

FIG. 97 



200 RUBBER AND VULCANITE 

The rationale of these experiments is arrived at by a study 
of the physical and chemical properties of the ingredients. 
The essential constituents of dental rubber are caoutchouc 
and. sulphur, both exceedingly poor conductors of heat, 
fusing between 239° F. and 250° F., and begins to combine 
chemically at 248° F. Both constituents expand excessively 
by heat, but their mixture begins to shrink with chemical 
union, and continues shrinking indefinitely under vulcan
izing heat. 

It is a physical law that: Force of expansion by heat is in 
the ratio to the denseness of the substance. Therefore 
the force of expansion of solids and liquids is very great 
while that of gaseous substances is comparatiYely smalL 
It is evident that the small amount of hydrogen sulphide 
formed in the vulcanization cannot account for the great 
force generated, but that it is due to the expanding dental 
rubber; further, it is evident that it is not the expansion of 
the melted dental rubber, as chemical union and condensation 
begin with liquefaction; therefore perfect vulcanization 
requires a suitable control of the expanding dental rubber 
and the shrinkage in the forming vulcanite. (This cannot 
be accomplished in bolted flasks.) 

The relatively large mass of rubber used in these experi
ments introduces no constant, but the magnitude makes 
the phenomena appreciable while a smaller mass would not 
be so readily comprehended. In these experiments (~os. 
1, 2, and 3) the surface of the rubber was rapidly raised to 
320° F., causing the surface to expand and harden much 
in advance of that within. As the heat advanced more and 
more, expansion was taking place and a thicker and denser 
surface of vulcanite was forming until there \Yas no more 
rubber to expand; and, as the forming vulcanite shrinks 
a vacuum must be created; because the internal melted 
dental rubber must contract in the direction of least resist
ance. 

The finely porous condition \vithin is undoubtedly due 
to the formation of H2S. \Vhy hydrogen sulphide should 
be formed is unknown to the writer, but it is quite possible 
the vacuum enabled the heat attained to decompose the 
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hydrocarbon and the elements to combine vvith the sulphur 
to the extent of filling nature's abhorred vacuum. At 
least it is an evidence, as .:\!fr. Vi/ eber has said, that something 
has gone vnong. :I\!fr. \Veber, as previously quoted, has 
demonstrated that in vulcanizing highly refined rubber 
ingredients, under suitable conditions, no gas is formed. 
Further, the writer has demonstrated this fact by careful 
weighing before and after vulcanization, and found there 
was no loss of weight; whereas if a part of the substance 
had been dissipated as gas there would have been a loss 
of weight. Specimen 4 demonstrates that if the temperature 
is slmdy raised to the high vulcanizing-point the resulting 
vulcanite will be dense and perfectly vulcanized through
out, but there will be excessive shrinkage. However, 
this does not prevent the expansion due to heating up, as 
both extreme specimens were subjected to the same heat 
during the expanding period. The low temperature of 
280° F. permits but slight hardening of the rubber, and this 
throughout the entire mass, then raising the temperature 
10° F. at a time permits a continuous even vulcanization 
with all the shrinkage toward the centre; \\'hereas in rapid 
vulcanization (specimens 1, 2, and 3), the shrinkage is 
toward the indurating peripheral portion. Specimen 5 
introduces another constant, that is, dental rubber heavily 
loaded with oxide of zinc, fuller's earth, or other inert 
material. 

These materials used in dental rubber as a· color con
stituent act as a control of the properties of expansion, 
shrinkage, and contraction; however, these materials so re
duce the strength of dental rubber that such rubber should 
never be used when strength is required. It should be used 
only as a facing and for bulk. 

Summary for Practical Vulcanization.-I. A Spence plaster 
compound cast is necessary. 

2. All wax model dentures should be reduced to the re
quired thickness, and preferably encased in tinfoil. 

3. The case should be flasked with a good dental plaster, 
excess space encircling the mold, but no gateways. 

4. The flask being well warmed, but not above 212° F. 1 
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is evenly packed with red or black rubber, or a combina
tion of the two. In no place should the high-grade rubbers 
be more than 4 mm. in thickness (danger thickness). All 
space not filled with the not to exceed 4 mm. layer of red or 
black rubber is to be filled with pink rubber. A layer of 
pink rubber should be used over the labial and buccal surfaces 
for esthetic purposes. 

5. The flask may be cautiously nearly closed under 
pressure, but the final closure is in the vulcanizer under 
the spring. Bolts and rigid flask presses are dangerous. 

6. A spring should be used that will not permit of a 
pressure exceeding five hundred pounds, and also have a long 
range of resiliency. A volute form is best (Fig. 102). 

7. Vulcanization should be in steam and at high tempera
ture and short time, that is, the Lewis gas regulator should 
be set at 320° F. for one hour and twentv minutes. As the 
heating qualities of the gas of various ~ities fluctuate, the 
time element must be determined by each operator for 
himself. However, sufficient heat should be applied to 
reach the maximum temperature in approximately twenty
five minutes, not varying more than five minutes either 
way; then the high heat should be maintained until the 
rubber, where not more than 1 mm. in thickness, is very 
elastic, but hard enough to readily take a high polish. This 
result vvill be accomplished in many offices in one hour 
and twenty minutes, that is, twenty-five minutes to heat 
up to 320° F. and held at that temperature fifty-five minutes 
which make the one hour and twenty minutes; other labora
tories will require a longer or shorter time. 

The reason for the elastic spring and short time method 
of vulcanization is: The expansion cannot be controlled 
as to its amount, because it must reach its maximum of 
expansion before induration can begin. The effect of the 
expansion is influenced by the method of retention by bolts 
or by spring clamps, and whether vents are or are not 
provided . 
. The amount of shrinkage is very much influenced by 

time; the longer the time the dental rubber is subjected 
to vulcanizing heat, the greater the amount of shrinkage. 
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High heat causes rapid hardening of the surface and the 
internal pressure during the hardening and shrinking of 
the surface causes a close adaptation of the vulcanite to 
the sides of the mold and teeth; then as the internal shrink
age takes place it will be toward the hardened surface. 
By the use of a flexible spring the expansion is controlled 
so that it cannot do harm, and if sufficient expansion has 
taken place to open the flask the spring will permit outflow
ing of sufficient rubber to reduce the internal pressure to the 
power of the spring. ·whereas if bolts and gateways were 
used the expansion forces out a part of the rubber until there 
is no internal pressure, and when shrinkage takes place there 
cannot be enough material to fill the mold. Therefore rubber 
tightly shut in the flask, with its expansion and shrinkage 
controlled by a suitable spring, and rapid surface hardening, 
due to the high heat (320° F.) at the surface and a decreasing 
degree of heat toward the centre of the mass of rubber because 
of its poor conductivity, is the logical and scientific method of 
vulcanizing all dental rubber. Ho-vvever, this method is best 
adapted to comparatively thin masses of rubber; all thick 
places in vulcanite appliances should be filled with an in
different material, therefore such places are filled with plain 
pink or white rubber. 

If the flask is to be bolted, then gateways opening into 
vent spaces are imperative. Also the pink rubber is even 
more important than when vulcanizing under a flexible 
spring. If bolts are used the flask should be completely 
closed before the flask is placed in the vulcanizer. This 
closing of the flask is probably more safely done in boiling 
water; whereas by the elastic-spring method it is not neces
sary that the flask shall be entirely closed. The plaster 
in the flask should be kept out of water, and therefore will 
have much more resistance to the pressure of the expanding 
rubber and to the force of the spring. There should be from 
two to five ounces of water in the vulcanizer. A support may 
be placed in vulcanizer upon which the flasks rest, or if the 
volute spring is used the spring is placed as shown in Fig. 102. 
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ADVANTAGES AND DISADVANTAGES OF VULCANITE 
AS A BASE FOR ARTIFICIAL DENTURES. 

It is easy of manipulation; it can be 
molded into any form, and it becomes, upon proper vulcani~ 
zation, very strong, tough, flexible, and elastic. It is repaired 
with equal ease. 

2. It is the lightest of all substances used in the mouth; 
its specific gravity is from 1.15 to while aluminum, the 
lightest metal suitable for use in the mouth, has a specific 
gravity of from 2.5 to 2.7. 

3. It is inexpensive, both as to cost of material and labor 
in construction, thus bringing it within the reach of patients 
unable to aff'Ord metal plates. 

4. There is no material with which contours and difficult 
cases can be so and restored. 

It a very poor conductor. It pre
vents the proper radiation of heat from the mucous mem
brane over which it is placed, thereby leading to excessive 
resorption of the hard tissue and lowering the vitality of 
the soft tissue, in consequence of which they are more 
subject to the action of irritants. 

2. The physical property of continued shrinkage under 
vulcanizing heat is certainly a disadvantage, because it 
interferes with perfect adaptation when revulcanized. 

By some vulcanite is considered as porous. This is 
undoubtedly an error. In 1869 a committee of the Pennsyl
vania College of Dental Surgery, consisting of Professors 
vVildman, Buckingham and Truman, were appointed to 
investigate and report upon dental vulcanite. In part the 
report states: "In repeated examinations made to test 
this (porosity), by high power of the microscope, nothing 
resembling pores has ever presented. It has been found 
impossible to procure a section thin enough, to transmit 
light, although ground to extreme tenuity. Examined as 
an opaque object, it presents a homogeneous mass, with no 
appearance of openings for the admission of :fiuids; nor 
have -vve ever been able to discover moisture in specimens 
that have been worn. That it is impenetrable to moist)ll'C 
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in the ordinary process of wear, is apparent in the non
increase of weight." In correspondence with Professor 
Truman since the first edition of this book, he writes, that 
he has had no evidence to change the conclusion as pre
sented in the report published in the Dental Times of July, 
1869. Further than this, the process of manufacture of 
rubber requires compression between very powerful rollers, 
and its physical property of increasing the specific gravity 
by vulcanization would favor great denseness. 

Hed and pink rubbers are considered injurious because 
of their coloring matter, vermilion (mercuric sulphide). 
This criticism is unjust, because pure mercuric sulphide 
is insoluble in water, alcohol, alkali, and all acids except 
nitrohydrochloric acid, which under no condition should 
come in contact with red or pink vulcanite, as this acid 
cmwerts H gS into H gCl2 (corrosive sublimate). It is 
evident that the heat of the vulcanizer cannot decompose 
\·ennilion because in its manufacture the ingredients are 
subjected for many hours to a temperature approximating 
1200° F.; therefore it would be unreasonable to expect a 
temperature under 400° F. to undo the ~work of three times 
as great a heat. However, it is possible that free mercury 
may be in red rubber, but if so it is because it was placed 
there in a poor quality of vermilion; therefore the dentist 
should use only the high-grade rubbers of reliable manu
facturers. 

INSTRUMENTS AND APPLIANCES USED IN VULCANITE 
WORK. 

Wax Spatulas.-These are instruments used in manipu
lating vvax. There are different types of these instruments, 
as carvers, ironers, knives, and spoons. Carvers are small 
knives and scrapers. :'\os. 1 and 2 of the Evans set are 
of this class (Fig. 98). (The :"\ o. 3 of this set is a bur
nish er for tinfoil.) Ironers have sufficient bulk of metal in 
their ends to convey heat to the wax. They are of various 
forms designed to facilitate the work. Fig. 99 shows1a 
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number of these instruments. Knives are larger than 
the knife-shaped carver and are designed for coarser work. 
Spoons are for melting and carrying wax. These various 
classes are often combined in double-end instruments, 
especially so with the knife and spoon (Fig. 100). 

FIG. 98 

Flasks.-There are a great many varieties of vulcanite 
flasks upon, the market. They are made of iron or brass. 
Iron has the greater affinity for oxygen and sulphur in 
vulcanizing, and so is not as desirable as brass for this 
purpose. The brass flasks are the more easily cleaned. 
Each time they are used they should be thoroughly deaned 
with a stiff brush and sapolio. 
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The Star flask is one of the oldest forms, and, being rever
sible, is probably adapted to more casys than any other 
(Fig. 101). The Wilson flask is characterized by a very 

FIG. 99 

narrow rim upon the lower section, with a correspondingly 
wide rim in the upper section. It is designed to be used 
for fultcases only, and with a clamp and spring (Fig. 102). 
Fig. 102 :shows a two-flask Donham clamp with a VVilson 
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volute spring1 below and a Wilson flask above. The Whitney 
flask is very much used. There are two sizes, the larger 
being five-sixteenths of an inch deeper than the smaller. 

Fra. 100 

1 The author has perfected a suitable volute spring. It is placed upon 
the market by the Cleveland Dental Mfg. Co. It is not patented and the 
inventor receives no financial benefit from it; therefore address all letters 
of inquiry to the manufacturers. The spring is so formed and tempered 
that each i inch compression produces approximately 100 pounds' pressure. 
The large end should always be placed against the flask. 
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Fig. 103 shows the regular size with springs upon the bolts 
to aid in closing the flask. 

Fw. 101 
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Pra. 102 

Fro. 104 
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The box flask is designed for interdental splints and any 
extra large pieces of \rulcanite. It is made in two sizes, one 
as large as can be used in a two-flask vulcanizer and the 
other for the three-flask yulcanizer (Fig. 104). 

Flask Presses.-The flask press (Fig. 105) is an indis
pensable appliance in a well-equipped laboratory, and yet 
probably its improper use has caused more misfit vulcanite 
dentures than all other causes. \Yhen the principles involved 
in the flask press and its use arc understood, there should be 
no trouble in handling it. 

Fw. 105 

All plasters expand and are compressible, some excessively 
so. French's regular dental plaster is the best and most 
commonly used by the profession; so these statements are 
in connection with this plaster. A molar tooth one-half 
inch in diameter under a thousand pounds' pressure would be 
driven into well-set plaster one-twentieth of an inch. Rubber 
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when cold is very tenacious and will resist a very heavy 
pressure for a short time, but will gradually yield. Plaster 
compresses to its full extent in a Yery fevv seconds. It is 
easy to comprehend that if an excess of rubber is placed 
oYer the teeth upon one side, and heavy pressure is applied, 
the teeth will be driven into the plaster encasement and 
consequently the teeth upon that side of the denture will 
be too long. It can also be comprehended that if the cast 
is formed of regular plaster, and excessi\·e rubber and pres
sure be applied to the vault of the cast, it vvill be pressed 
upward and the plate warped. 

vVe shall now consider the pmver of the press. The screw 
is a combination of the lever and wedge, and its pmver is . 
calculated by multiplying the circumference described by 
the lever by the pitch of the screw. A press having a handle 
8 inches long 1:vould describe a circumference of inches. 
There are ten threads to the inch, hence a pitch of ·to of an 
inch. An allowance must be made for friction in the screw, 
but 1 will be yery liberal, when 1:ve shall have, for every 
pound of force applied at the end of the handle, two hundred 
pounds' pressure under the screw, or a ton for eYcry ten 
pounds of force. If the force is applied nearer the middle of 
the handle it will produce approximately one-half as much 
pressure or a ton for every twenty pounds of force. It is 
now easily understood why plates are warped and these heavy 
malleable-iron presses arc sometimes broken. 

At the request of the author the CleYeland Dental 2\lfg. 
Co. have added a volute spring to their flask press (see 
Fig. 105). This provides an element of safety to this danger
ous implement, and creates a follow-up pressure which is 
absent in a rigid press. 

Vulcanizers.-There are in use at the present time many 
forms of vulcanizers. It is unnecessary to enumerate them. 
The description will therefore be confined to one of the 
best examples of the somewhat extensive list. · 

The Lewis Cross-bar Vulcanizer (Fig. 106) embodies many 
valuable improvements, and is probably one of the strongest, 
safest, and most convenient ,-ulcanizers of the cross-bar 
pattern in use. 
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The boiler is hand-made from copper, rolled expressly for 
this form of vulcanizer, and is of unusual thickness. The 
cap is ribbed on the under side to resist an~· strain which 
may be put upon it. This cap has but tvm holes drilled 
in it: one for the mercury bath, to which the thermometer 
is attached; the other for the "manifold," which carries the 
safety valYe, blovv-off, gas regulator, or steam gauge (Fig. 

Fw. lOG 

107). The ring surrounding the boiler is of cast steel, and 
is therefore of ample strength. Besides the lugs for taking 
the strain off the cross-bar and bolt, it has a dovetailed 
projection for the insertion of a lifting handle (Fig. 108). 

It will be obserYed that when the c>ross-bar and cap are 
remoyed, there are no swinging bolts or attachments to the 
pot. 
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The cross-bar is of an improved form, and is made of 
cast steel. One end is at right angles to the main bar, and 
terminates in projections which catch under the lugs on the 
ring. Over the projections is a small rib which prevents 
the bar from dropping out of position. The other end of 

Fra. 107 

the cross-bar has an enlarged portion for the reception of the 
bolt, and is terminated by a handle. 

The vulcanizer is closed by one bolt suspended in a slot 
on the hand-end of the cross-bar. The bolt is squared to 
prevent rotation, and is surrounded by a spring for the pur
pose of disengaging it from the lugs when the nut is loosened, 

Fra. 108 Fra. 109 

aNd for always retaining the bolt perpendicularly and forcing 
it in place automatically. 

The vulcanizer is opened by loosening the nut on the bolt 
by means of the wrench furnished for the purpose (Fig. 109). 
The bolt will be forced downward through the action of the 
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spring. The handle of the cross-bar is then seized, and with 
the thumb against the nut it is pressed until the bottom of 
the bolt is disengaged from the lugs, \Yhen the bar may be 
lifted (Fig. 110). 

.FIG. 110 

INSTRUCTIONS FOR THE USE OF GAS AND TIME 
REGULATORS. 

"The gas regulator (Fig. 111) is secured to the cap by 
means of the short iron pipe or coil. This is scre\Yed into a 
hole drilled through the cap of the Yulcanizer, and tapped 
with a 'one-eighth gas-pipe tap.' If the vulcanizer has a 
'Le1Yis manifold' attached to the cap of the vulcanizer, 
remove the screvv between the blow-off and safety valve 
and screw the coil pipe in its place. After the gas regulator 
has been properly fitted, place the Yulcanizer in the jacket 
and in the position in ·which it is to be used. Connections 
between the time regulator, gas regulator, and gas burner 
are made by means of rubber tubing. The engraving (Fig. 
112) illustrates the correct method of connecting gas and 
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time regulators to vulcanizers. Cut a piece of tubing of 
sufficient length to reach from the gas-supply tap to the 
time regulator, and connect them; cut off another piece to 
reach from the time regulator to the gas regulator, and 
attach to the regulator by the upright or straight nipple 
on top of the 4 Lewis gas regulator; then connect the 
downward curved tube of the gas regulator to the gas burner 
under the vulcanizer >vith another piece of rubber tubing. 

Fro. 111 

"The time regulator is more convenient when placed on 
a bracket near the gas-supply pipe. It is then out of the 
way, and not likely to be broken from contact with tools, 
and can also be used as a timepiece. 

"To Set the Time Regulator.-When the valve lever on top 
of the time regulator (Fig. 112) is engaged with the screw 
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upon the minute arbor on the back of the clock, the valve 
is held open for a length of time depending upon whether 
the lever is engaged with the first, second, or third thread 

FIG. 112 

of the screw; and the lever ·will be cast off and the valYc 
closed when the minute hand reaches the figure XII. When 
the minute hand is at IX the lever will be cast off at the 
end of fifteen minutes, if it is engaged with the first thread 
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of the screw from the end; an hour and a quarter, if engaged 
with the second thread, aml so on. A~ trial should be made, 
and the time ascertained which is necessary for heating 
the vulcanizer to the vulcanizing~point, and this time should 
be added to the proposed time for vuleanizing. \Vc have, 
therefore, the following: 

"Rule.-Turn the minute hand to as many minutes 
before the hour as the number of odd minutes desired; then 
put the end of the lever in the threads of the screw upon 
the minute arbor at the back of the clock. The first thread 
from the end gives the odd minutes to which the clock is 
set; the ne:rt aml each succeeding thread a full hour. 
For example: For an hour and twenty minutes, set the 
minute hand at the figure and the lever in the 
second thread from the end of the screw. the end of that 
time the lever will disengage and automatically shut off the 
gas from the vulcanizer. If this vvere to be an hour longer-
i. e., two hours and twenty minutes-the lever should be 
placed on the third thread of the screw. For three hours, 
set the minute hand at XII and engage the lever in the third 
groove of the screw. 

"Steam Pressure.-Those who use vulcanizers should be 
thoroughly informed as to the nature and properties of 
steam. The fact should be borne in mind that a vulcanizer 
is subject to the same laws and conditions as a steam boiler, 
which it is in fact, and although it is comparatively safe and 
easily operated, it may, by carelessness or ignorance in its 
management, become exceedingly dangerous. 

"The following table of steam pressure will be found con
venient for reference, as it has been corrected so that it 
shows the true temperature for any pressure indicated by 
the steam gauge. Fractions are omitted, and the nearest 
whole number is used instead. The French table generally 
used shows 14.7 pounds pressure at 212°, whereas the steam 
gauge at that temperature will indicate 0, unless by the 
expansion of heated air confined in the vulcanizer. The 
gauge is therefore just one atmosphere lower than the French 
table: 
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TABLE OF 'rim ELASTIC FoncJ•J OF STEAM1 (Commcct'ED TO CommsPOND 

Wl'l'H THE S'l·J<~AJ\1 CADGE). 

Degrees of temperature, 
Fahrenheit. 

212 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 

Elastic. foree in pound~:; 
per square inch. 

0 
2 
6 

10 
15 
21 
27 
34 
43 
52 
63 
75 
89 

104 
120 
140 
160 
180 
205 
234 
264 
296 
335 
375 
415 
455 
515 
565 
603 
663 
721 
7.93 
864 
937 

1015 

"It will be noticed that as the temperature rises the 
pressure of steam increases in constantly increasing ratio 
for equal increments of heat, the pressure being nearly 
doubled by the addition of 50° to the temperature. This 
fact >Yill show the necessity of care and watchfulness ·while 
vulcanizing. 

"The bulb of the thermometer is set in a mercury bath. 
This is the small cup, forming a part of the vulcanizer cap, 

1 General instructions for operating dental vulcanizers, Buffalo Dental 
:Manufacturing Co., July, 1898. 



220 RUBBER AND FULCANITE 

to which the thermometer case is screwed. This cup should 
contain sufficient mercury to insure its touching the bulb 
of the tube when the thermometer ease is screwed clown 
properly. This makes a metanic connect1:on between the 
thermometer bulb and the vulcanizer cap, and is absolutely 
necessary for proper indication of heat by the thermometer. 

"Should the mercury column separate, it can usually be 
reunited by removing the tube from the thermometer case, 
holding it perpendicularly, and striking the bulb with some 
force upon the palm of the hand, or by holding the tube 
by the bulb and giving it a sudden flirt. If the vulcanizer 
is used \Yith the thermometer in this condition, it should be 
remembered that it is the 1vhole column that denotes the 
heat, and allowance should be made for the broken part, 
i. e., if there is enough mercury separated to fill the space of 
10°, the remainder of the column should only rise to 10° 
less than the temperature desired. 

"Directions for inserting a new tube in the thermometer 
ease will generally be found on the package containing the 
tube and scale. 

"Thermometers are accurately marked, by test instru
ments, at the 2]2° and :320° points, and the arc 
especially graduated for each tube, as the positions of the 
points aboYe named vary in different tubes. Each tv.be 
must therefore be used 1vith 1:ts men scale, and in fitting it 
to the ease care should be taken that the black mark on the 
tube indicating the :320° point is brought exactly opposite 
to the 320° point on the scale. 

"The thermometer does not always give a correct indica
tion of the heat of the vulca1Iizer. It only gives the tem
perature of the vulcanizer top, ·which may not he that of the 
flask. In fact, the indications of the thermometers employed 
on vulcanizers are almost invariably too low, owing to 
imperfect conduction of heat, radiation, etc.; and the vul
canization temperature, instead of being :520°, as indicated, 
is more usually 330° to 340°." 

The plan of providing a mercury bath for the reception 
of the bulb is a great improvement over the old vmy, and 
prevents the fracture of the bulb by the great pressure of 
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steam, which was of such frequent occurrence when the 
thermometer was in direct contact with the latter. 

Damage to the glass bulb of the thermometer is manifested 
by a rise in the mercury, ·which cannot be brought down to 
the usual vulcanizing-point by turning off the flame of the 
burner; consequently the thermometer ceases to correctly 
indicate the degree of heat, and imperfect vulcanization is 
the result. Leakage of steam around the packing of the 
vulcanizer should also be guarded 
against, as in such cases all of the 
water may escape from the appa
ratus before the vulcanizing is com
plete. Loss of all of the water in 
the n1lcanizer may be detected by 
a persistent fall of the mercury, even 
when the gas flame is greatly in
creased, and when this phenomenon 
is observed the gas should be turned 
off, the vulcanizer allowed to cool, 
and new packing adjusted.' Failure 
to strictlv obsene this rule has un
doubtedl)r resulted in ma.ny serious 
accidents. 

flask or flasks 
arc placed in the vulcanizer and. 
filled about 1 inch deep with clean 
·water. The packing should be with
out a break in its continuity, other
wise the steam will escape; the joint 
between the pot and cover must he Fru. 113 
protected from adhesion by slightly 
coating it with black lead or soapstone. The cover is then put 
on, hut the valve is not closed until the heated air vd1ich pre
cedes the generation of steam has escaped; the valve is then 
closed. A close watch must be kept on the thermometer or 
gauge until the vulcanizing point is reached, unless a time 
regulator is used. 

Flask-tongs.-Fig. 113 sho·ws a useful form of flask-tongs 
for lifting flasks from the ~vulcanizer. They are made of 
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FIG. 114 
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sufficient length to reach the bottom of a three-ease vulcan
izer, and will securely grip the flask. 

Files.--Fig. 114 illustrates some excellent forms. 
Vulcanite Trimmers.-There are a great Yariety of scrapers 

and chisels from which each operator may select such as 
seem best adapted to his hand. The ~writer's preferences 
are the ones here illustrated (Fig. LLS). · 

FIG. 115 

GRINDING AND POUSHING. 

!n the construction of artificial dentures upon any base, 
grmding and polishing are very important operations and 
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require efficient equipment for their accomplishment. For 
this purpose a small lathe of suitable construction is neces
sary. These lathes will require approximately one-sixth 
horse-power, which may be provided by either electricity, 
water, steam, or the foot. The desirability of the power 
chosen is in the order named. However, steam is rarely 
used in a dental office because of the expense of installing 
and maintenance. There are many patterns of these imple
ments from which the dentist may select. There are two 
general principles involved in all of these appliances: (1) 
the motor and lathe are combined as one implement; (2) the 
motor and lathe are separate and coupled together with a 
band or cord. 

Fw. 116 

The electric current is most convenient and serviceable 
when it can be had in the office. Fig. 116 represents an 
apparatus of the first type, that is, motor and lathe com
bined. This electric lathe is admirably adapted to general 
laboratory uses or as an operating-room lathe. Its bearings 
are completely protected from dust. It is noiseless, and is 
constructed with such precision that its motion is hardly 
perceptible. It is adapted to the 110-volt direct current, 
and has sufficient power for all purposes required by the 
dentist. It requires no special table, hence can be placed in 
any position at the convenience of the operator. It has a 
range of speed varying from 1000 to 4000 revolutions per 
minute. The regulation of the speed and starting and 
stopping of the lathe are effected by the milled stud. The 
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chucks are held upon the shaft of the motor by friction, and 
can be removed while the motor is in motion or stationary by 
turning the milled nuts near the ends of the shaft. These 
motors can be obtained for other Yoltages and for the alter
nating current. 

Fig. 117 is a lathe of the second t~·pe, and eau be operated 
by any power through a cord. This illustration shuws a 
convenient arrangement of lathe and foot power. 

These lathes are all provided -vvith Yarious forms of chucks 
for grinding stones, buffers, and polishing brushes. Figs. 116 
ancl117 each show a stone-mounted chuck upon one end of 
the shaft, and the tapered-screw-cut spindle for buffers and 
polishing brushes at the other encl. 

l\iost makers of lathes furnish an extra clutch chuck for 
15 
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burring engine instruments. Fig. 118 shows an additional 
nut the author has had added to the clutch chuck for his 

Fro. 118 

Fro. 119 

Fro. 120 

lathe. By this means a three by one-half inch carborundum 
stone is mounted. The figure also shmvs an engine mandrel 
mounted with a small stone in the clutch, The author has 
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no use for any other stone chuck, and no changes are required 
except in the small stones, burs, and bits used in the chuck. 
Fig. 119 is the "Ideal Emery Cloth Arbor," put upon the 
market by Samuel A. Crocker & Co., Cincinnati. This is an 
especially useful addition to the lathe for vulcar~ite ~work. 

The lathe should be kept clean, well oiled, and true running. 
Grinding is a very important accomplishment-indeed, it 
may be called a fine art in mechanical dentistry-and can 
be acquired only by technical training and the use of true
running and well-cared-for equipment. ::\ ext to the lathe 
running true, the stone must be kept true and sharp; this is 
accomplished b~· the use of a machinist's emery-stone dresser 
(Fig. 120). This tool is used onr a firm support, with a 
moderate pressure, upon the rapidly revoh·ing stone. It 
not only produces a true surface, but a yer.r sharp-cutting 
one. The tool should be applied often. 

Stones.-The stones used in the dental laboratorv are 
made of either corundum or carborundum. . 

Corundum is a mineral found in Ceylon, and in Pennsyl
nlnia, Georgia, ::\Iassachnsetts, and ::\orth Carolina. It 
occurs in crystals of the form of double six-sided pyramids 
of Yarious sizes, and in some localities in large masses without 
crystalline form. Corundum is an aluminum oxide having 
a formula Ab03. Emery, the use of ~which preceded corun
dum as an abrasive agent in the dental laborator~·, is a 
coarse variet~· of corundum. Corundum is prepared for 
use by crushing in an iron mortar. The required size grit 
is mixed iYith finely ground shellac in the proportion of 
~3 ounces of corundum to 1 of shellac, and formed in iron 
molds by the aid of heat and pressure. The surface shellac 
is dissolYecl out with alcohol, leaving the abrasive crystals 
exposed. 'Wheels made of corundum require to be run wet, 
otherwise the frictional heat will draw the softened shellac 
bond to the surface, producing a glaze which is non-abrading. 

Carborunclum is a manufactured grit; it is harder and 
more brittle than corundum, and is next to the diamond as 
an abradant. Carborundum was made experimentally in 
1893 by .:VIr. G. E. Aeheson, and is now manufactured on an 
extensive scale at I\iagara Falls. It is made of a mixture of 
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finely divided coke, pure silica sand, sawdust, and salt 
(NaCl). Ten tons of this mixture is placed in a furnace 
16 feet long by 6 feet wide and 8 feet high. Electrodes are 
connected at the centre of each end ·with a core of crushed 
coke. About 1000 horse-power of energy is utilized at an 
average voltage of 185, reaching a temperature approxi
mating 7500° F. The salt acts as a Hux. The sawdust 
burns out, leaving the mass porous for the escape of gases. 
The current is applied for thirty-six hours; it is then \vith
drawn and the mass given time to cool. About two tons 

Fw. 121 

of crystals are formed about the core, consistillg of the 
carbide of silicon (CSi). These crystals arc crushed, ·washed, 
and sieved, mixed with feldspar and clay as a bond, moldcd 
into shape under heavy pressure, and burned in a kiln for 
several days. ·wheels made of carborundum may be run 
either wet or dry. It is claimed for them that they do not 
clog; however, the surface becomes so filled with dust that 
they are not nearly so effective as when tooled as previously 
described. The wheels have a tendency to vvear untrue, 
probably due to imperfections in the mixing with the bond 
and burning in the kiln. Frequent tooling overcomes this 
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defect and keeps them true and sharp until they arc worn 
out. . 

Buffers.-Builing wheels and cones are used on the thread
cut spindle in finishing the denture; they carry fine abra
dants and remove small defects and scratches from the 
surface of the work. They are made of various materials, as 
felt, cotton, duck, leather, soft wood, cork, and disks of 
cloth or chamois leather stitched together. Felt is probably 
the best and most commonly used material for dental 
buffers. The ·wheels are made in various sizes and shapes. 
A wheel two or two and one-half inches in diameter and one
half-inch thick is an excellent size. Knife-edge wheels are 
very useful in some places, but they must be properly used 
or they will quickly cut a groove. They also wear away 
rapidly, thus destroying the knife-edge effect. They require 
frequent tooling with a knife or chisel to keep them turned 
to an edge. 

Brushes.--Brush ·wheels, both stiff and soft, are used. 
These ·wheels are made in various forms. Their wooden 
centres, vvhich are straight drilled, should be reamed to a 
taper. Fig. 121 shows a suitable reamer. They are used 
on the threaded taper spindle. The bristles are either 
straight, converging, or diverging. The stiff converging 
wheel is excellent for carrying the abradant between the 
teeth vvhere the felt cannot reach. The soft-bristle brush 
is used to carry the finest abradant and produces the gloss. 

1m.sn:mg Powders for Vulcanite.--Pulverized pumice stone 
for buffing and prepared chalk for glossing are especially 
suited to vulcanite work. 

Pumice stone is volcanic scoria or lava. Chalk is calcium 
carbonate, a soft variety of limestone; it is prepared by 
freeing it from particles of coarser grit. 

Use of Stones.---The stones are used to grind the porcelain 
teeth, sharpen instruments, etc. It is safer to run the stone 
at a low speed. There is danger of chipping and checking 
the porcelain by the pounding of an untrue stone and heat 
produced by a clogged one. If the stone is true and clean, 
and the tooth held with light pressure, it will be rapidly 
cut with hardly perceptible frictional heat, consequently no 
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chipping or crazing of the porcelain. Dy the same care a 
steel instrument may be ground without drawing its temper 
as indicated by the blue color and spoiled cutting edge. i\ 
higher speed may be used, but greater care is required. 

Buffing.-The buffing is done by first using the large 
felt wheel and pulverized pumice stone. The vvork, the 
felt, and the pumice must be kept thoroughly wet, other
wise sufficient frictional heat may be generated to roughen 
the vulcanite and possibly warp the denture. It should be 
obvious to the student that if the work is held at one 
place against the felt carrying an abradant a depression will 
be cut into its surface. Hence the work while being held 
against the buffer must be kept in constant motion. This 
motion should be a steady systematic procedure, not of a 
jerky, indecisive type. The denture should be finished with 
true symmetrical convex or conca\·e surfaces in keeping 
with the conformation of the part. Facets show either 
inexperienced or careless buffing. The buffer may be run 
at high speed, in which case the work must be held with 
moderate pressure only against the buffer. l:sually it is 
safer to use a moderate speed and greater pressure, and in 
some places it is vvise to use the lowest speed and light 
pressure. The buffer does not cut of itself, but it carries 
and applies the abradant; therefore the efficiency of the 
buffer is largely due to the manner in which the abradant is 
applied. The abradant, saturated with water to the con
sistency of soft mud, is applied to the surface to be buffed 
and the farther edge is placed against the well-moistened 
buffer. The buffer engages a small amount of the abradant 
and carries it over the surface of the work. As the bufl'er 
wheel rises from the surface of the work, it throws off a 
portion of the abradant, but a small portion is imbedded 
in the surface of the buffer to be again carried ove1: the 
surface of the work. As the work is pushed forward, more 
abradant is engaged and made to serve its purpose. The 
work is given a sideways movement as well as a forward 
one until all of the abradant is removed from the surface 
of the work. .More abradant is applied and the operation 
repeated until the work is suitably finished. If the buffer 
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is applied to the nearer edge of the abradant and the work 
drawn forward the buffer will push avvay the ahradant, of 
which only that portion adhering to the buffer and making 
the complete circuit will be effective. This method is waste
ful of abradant, time, and energy. 

Glossing.-The glossing is done with the rapidly revolving 
soft-brush wheel and the prepared chalk. The chalk well 
moistened vvith 1vater or alcohol is applied to the surface o£ 
the work and held lightly against the brush wheel. As in 
buffing, the work is pushed against the brush. With the 
beginning of glossing the brush wheel is moistened, hut 
later is run dry. Alcohol is the preferred moistener for the 
glossing powder because it serves to attach the po>Yder to 
the work and quickly evaporates, leaving the powder in a 
dry condition, best for glossing. 

HEAT. 

In vulcanite work heat is required for warming wax, rubber, 
flasks, and converting the rubber into vulcanite. 

l"w. 122 

Bunsen Burner.-For all these operations the blue or 
Bunsen flame only is suitable. Fig. 122 shows a Bunsen 
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burner designed for the laboratory bench and connected 
to the gas cock with rubber tubing. Fig. 123 shows a 

Fro. 123 

je~weller's triple burner, one of which is a Bunsen. This 
burner is especially useful because it can be attached to a 

jointed bracket, thus doing away with the gas
saturated rubber tubing. One of the other burners 
gives a light flame, and the third burner gives a 
flame suitable for soldering. These extra burners 
are often convenient. Tl1e burner in the upright 
position only is in commission, and when any 
one of the burners is turned straight downward 
the gas is cut off from all of them. 

Construction.-The B1insen burner consists of 
a straight tube with a suitable-size hole near 
the lower end for the admission of air in sufficient 
quantity to produce instant combustion of the 
carbon, thus giving a blue, smokeless flame. 

Nature of the Bunsen Flame.-Fig. 124 is an 
illustration of the Bunsen tube and flame. A 
flame is gaseous matter~ heated to a state of 
incandescence. The flame has a three-cone struc
ture: A shows the mixed gas and air being heated; 
the inner edge of the light cone B indicates that 
the gaseous mixture has reached the state of 
incandescence and has become a flame; the outer 

FIG. 124 edge of the light cone n indicates where the 
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greatest heat has been attained and that the flame from 
this point outward is cooling until the outer edge of cone . 

FIG. 125 

FIG. 12G Fw. 127 

C is reached. At this point the mixed gases have become 
chemical compounds and cooled below the temperature of 
incandescence, hence the flame ceases to exist. It is evident 
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that the greatest body of heat is between B and conse
quently this is the portion of the Hame in which to quickly 
heat an instrument. 

Fig. 125 is a gas stove of many Bunsen jets, and is suit
able when a much greater amount of heat is required than 
can be produced with the small burner. 

FIG. 128 

Alcohol and Gasolene.-In some of the large office buildings 
in cities, and in many of the small tovms, gas is not obtain
able as a source of heat; then recourse must be had to either 
alcohol or gasolene. Alcohol is suitable as a substitute for 
the Bunsen burner for working wax and resinous compounds; 
it is cleanly, odor not offensive, but the heat is slow. Fig. 
126 shows a good form of waxing lamp. Gasolene is more 
powerful and less expenSive, but the odor of the material and 
of the product of its combustion are disagreeable. Fig. 127 
is an excellent Bunsen burner. Fig. 128 is a large heater 
suitable for general heating purposes in the laboratory. 

Petroleum.-~-Oil seems to be better adapted for the vulcan
izor than either alcohol or gasolene. The lamp for using oil 
needs no description, for a suitable oil burner may be had for 
every make of vulcanizer, 
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TECHNIC OF CONSTRUCTION FOR COMPLETE 
VULCANITE DENTURES. 

Synopsis.---Diagnosis and prognosis; impressions; casts; 
base-plates; occlusion and contour models; mounting on the 
New Century Antagonizor; grinding and setting up the teeth; 
trying in; fiasking; packing; Yulcanizing, and finishing. 

Diagnosis and Prognosis.~The imaginary patient for whom 
complete artificial dentures are to be constructed is a lady, 
aged forty to fifty years, of the blonde type, but not stout 
built (sanguine temperament, nervous temperament modi
fication), and good health. The mouth has been edentulous 
for at least t-vvo years; the gums are wellresorbed and oYal 
in form; the vault is medium in height and oval in form. 
There is a moderate amount of submucous tissue underlying 
the mucous membrane; no pronounced hard or soft places, 
and the fiuids of the mouth abundant but not ropy. A 
normal aYerage case. The prognosis is fayorable, provided 
the personal equation does not present unusual difficulties. 

Impressions.-For the upper impression, see Chapter II; 
classification, normal. Points to giYe attention: Tray 1vith 
flanges low enough not to be displaced by any muscular 
action; palatal border vmx accurately adjusted; cuspid 
eminence ·wax; plaster with hastener mixed thin; heel of 
tray adjusted first; lip raised while adjusting the anterior 
portion of tray; tray supported with the index finger in the 
centre of the Yault; lip and cheeks drawn dmvm:o,·ard marking 
the freme, and external compression. 

For lower impression, see Chapter II; classification high 
ridge, broad. Points to give attention: Flanges; lingual 
wax roll; plaster with hastener mixed thin; the buccal tissues 
drawn from under th_e buccal flanges; fren:e marked; external 
compression, and the tray held in place by pressure of the 
thumbs in the bicuspid region. 

Casts.-The impressions are permitted to .stand for a few 
minutes, then Yarnished -vvith thin shellac, and when dry 
(three to five minutes) with thin sandarac. As many coats 
of sandarac should be applied as may be necessary to secure 
a glossy surface, permitting each coat to dry before applying 
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the next one. The cast may be made of plaster of Paris, 
Prothero's Oxychloride of Magnesium, Weinstein's Artificial 
Stone or Spence's Plaster Compound. The writer has implied 
if not expressed his appreciation of the relative merits of 
these materials. HoweYer, for emphasis he will say that pure 
plaster of Paris is far the least suited, for casts upon which to 
vulcanize, of any of the materials used. Oxychloride of 
nesium has certain properties superior to any other known 
material, but the quality of the material obtainable is too 
unreliable at the present time, and will not be reliable until 
it is properly marketed. The artificial stone is undoubtedly 
placed upon the market as a substitute for Spence Compound. 
It is very much slower setting than Spence Compound and it 
is questionable whether it has any superior qualities. The 
Spence Compound has steadily grown in favor for the pa&t 
twelve years and the writer is convinced that he is not justified 
in discarding it for any other known material. HoweYer, 
tomorrow he may, for his mind and practice are open 
to conviction and acceptance of the best, which he now be"· 
lieves to be Spence Plaster Compound. 

The last three named materials form hard casts which 
are difficult to carve into form, therefore it desirable to have 
a technic that will produce the required form in the plastic 
state. This can best be done by wrapping the impression. 

Wrapping Technic.···-Cut a sheet of pink paraffin wax, 
lengthwise, into thirds. Warm and wrap these strips about 
the impression so as to enclose it and produce the form de
sired. The joints in the wax are lapped and luted with a 
hot spatula, also the wax is securely attached to the im
pression by application of the hot spatula. A portion at a 
time of this wax rim is warmed and pressed closely to the 
impression so as to give the desired outline margin of the im
pression for the cast. This can best be done by conforming 
the wax to the impression with the thumb of one hand and 
at the same time 'rnolding the free flange of wax with the 
thumb and finger of the other hand. After which a second 
layer may be added and luted at any weak part. Fig. 129 
shows upper and lower encased impressions and 130 
shows au encased impression filled with Spence plaster corn-
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pound. Any of these materials should be ~well jarred into the 
impression by rapping upon a block of wood. The material 

FIG. 129 

should be jarred in until no more air bubbles can be brought 
to the surface. If the surface of the cast is not solid and free 

FIG. 130 

of all air holes it is positive evidence that it was not sv:fficiently 
jarred in while filling. 
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Base-plates.--Heavy tinfoil (Nos. 20 to 60) is placed upor: 
the cast, over which a sheet of paraffin base-plate wax is 
adjusted (any of the resinous base-plate stock material 
may be substituted for the paraffin). Soft wax is built 
upon the base-plates to form the occlusion and contour 
models as described in Chapter IV. ' 

Occlusion and Contour Models.-The models formed on the 
casts are tried in the mouth, removed and added to or cut 
away as may be necessary to give the proper restoration of 
the lower third of the face at rest. The models should be 
tested with a spatula, to see that they rest with uniform pres
sure upon all portions of the alveolar processes. The patient 
is exercised in the forward and backward movements of the 
mandible. These movements being made at command, the 
mandible is placed in the retruded position and the occlusion 
guide lines, the high- and lmv-lip lines, and the median line 
recorded in the wax. The lower model is removed from the 
mouth and the bite gauges adjusted. The model is then 
replaced and the mouth closed in the protruded position, 
recording the inclination of the condyle path. The bite 
gauges are removed from the lower models and the fork of 
the face bow attached to the upper model. The face bow 
is adjusted and the relationship of the wax model to the 
condyle secured. (See Chapter IV.) 

The student could justly conclude that all of the preceding 
work is done at one appointment with the patient. However, 
it is not necessary to detain the patient after the impressions 
are secured; a second appointment may be made for the 
next step. During the absence of the patient the impressions 
are glossed, filled, and permitted to harden for an hour or 
two. The impression is then removed from the cast (sec 
Chapter III), the base-plate formed, and the preliminary 
work done upon the wax model. At the second appoint
ment the wax models are adjusted to the mouth and the 
required data of marks and measures secured. The color 
of the teeth is selected. The detail of determining the color 
cannot be discussed; suffice to say that this phase of the 
science will be discussed in the chapters on Porcelain Teeth 
and Esthetics; also that the col or for the type of the imagi-
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nary patient must be stravY yellow modified with gray, 
probably shade 39 or 41 of the S. S. W. shade bar; possibly 
as much toning with gray will be required as represented 
in shade t±O. The patient is again dismissed ~with an appoint
ment for another sitting. During the absence of the patient 
the casts and v1ax models are mounted upon an antagonizor, 
the teeth selected, ground, and set up. At the third appoint
ment the teeth mounted on wax are tried in the mouth. 
The details of this sitting are discussed in the chapter on 
Esthetics. At the fourth appointment the finished dentures 
arc placed in the mouth and thorough!~, inspected before 
dismissing the patient. 

Mounting on Antagonizor.-The face bow with the wax 
models and casts are assembled and mounted on the X ew 
Century Antagoniz,or, as described in Chapter Y. The face 
bow remoYed, the bite gauges are used to secure the inclina
tion of the condyle path, also described in Chapter Y. 

Grinding and Setting Up.-A section of the wax of the 
upper model, represented by the median- and high-lip lines, 
is remoYcd vYith a warmed wax knife (Fig. 100). The esthctics 
inYolYed in selecting the artificial teeth cannot now be dis
cussed: h<nYeYer, a rule may be giYen for determining the 
siz,e of the teeth. Length: The length of the teeth selected 
should be sufficient to fill the space bctln"cn the high-lip line 
and the occlusal plane. Width: The crest of the cuspid teeth 
beginning with its cusp should be continuous with the crest 
of the cuspid eminence deYeloped in the contoured IYax 
model (see Chapter I, also Fig. 2); therefore the combined 
width of the central, lateral, and the mesial plane of the 
cuspid is the length of the space from the median line to the 
crest of the cuspid eminence. The distal plane of the cuspid 
and the bicuspids and molars should fill the space between 
the crest of the cuspid eminence and the maxillary tuber
osity. This rule for length and width is only applicable to 
normal or nearly normal cases. Extreme and abnormal cases 
cannot be classified, and artificial teeth must be selected 
according to the judgment of the prosthetist. 

Grinding.-Therc arc two stages of grinding a set of 
artificial teeth. The first stage is grinding for occlusion 
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at the time of setting up the teeth. The objyct is to gain 
as large a contact Sl!rface as may be expedient, and so to 
face the surfaces as to crush the food without dislodging 
the dentures. The second stage is at the time of final 
finishing of the dentures, and is designed to produce edges 
for catching and cutting the food; also to remove such 
points as may interfere with antagonization. The first 
stage of grinding may be clone before any of the teeth are 
set up, or each tooth may be ground just before setting up. 
The first method is more expeditious for an experienced 
workman, but the second method is more comprehensible 
for the student and is the one here described. 

FIG. 131 

If the new forms of teeth of the best manufacturers arc 
selected, little or no grinding of the bicuspids and molars 
will be needed. Each manufacturer has the new forms desig
nated by trade names implying that they arc anatomical. 

Setting Up.-As the patient is in middle life, the anterior 
teeth must be ground to represent slight wear. This is done 
by slightly. grinding the incisal edge of the incisors so as to 
give a moderately sharp, straight edge, removing the rounded 
edge of youth. The central incisor is set in place and secured 
with melted wax (Fig. 131). Setting up the teeth may be 
facilitated by placing a small roll of softened yellow wax 
upon the wax model into which the cervical end of the teeth 
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are pressed and thus held while the lingual portion is being 
filled ~with melted ·wax. This lingual wax may be added by 
dropping on from a pencil or stick of wax, the end of which 
is melted in the Bunsen flame, or the melted wax mav be 
carried to place in a wax spoon (Fig. 100). The lateral 
incisor, with its incisal edge straightened, is 
set next to the central. The cuspid with 
its mesial incisal edge ground, thus placing 
the apex of the cusp more distally, is secured 
in place. These three teeth fill the space 
from the high-lip line to the occlusal plane, 
and from tbe median line to and including 
the cuspid eminence. Their labial surfaces 
describe the segment of an arc, the radius 
of which is the straight line from the mesio- Fw. 132 

incisal angle of the central incisor to the 
disto-incisal angle of the cuspid. The buccal surface of the 
bicuspids and molars form a straight line, but one which 
diYerges from the median plane of the mouth. The bicuspids 
and molars are all ground so as to present three surfaces to its 
antagonist. This is best understood by studying Figs. 132 

FIG. 133 

and 133. The bicuspids must have the three planes upon 
both the mesial and distal occlusal surfaces, while the molars 
have but the three straight planes. The first and second 
bicuspids and first molar (see Fig. 131) are set in order 
with their buccal surface forming the straight diverging line. 

lG 
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If the segment of the circle described by the three anterior 
teeth is continued, it will pass through the buccal cusp of the 
first bicuspid and diagonally through the sulcus of the second 
bicuspid (Fig. 9). The second upper molar is not set until 
the lower teeth are mounted. The wax about the six mounted 
teeth (Fig. 131) is smoothed and cooled so as to securely 
hold them. 

The segment of wax between the median and high-lip 
lines upon the other side of the wax model is removed with 
a warmed wax knife. The six teeth for that side are then 
ground, set up, and waxed securely. 

The method for grinding and setting up the lower teeth 
is similar to the upper; however, there are some impor
tant modifications. The section of wax defined by the 
median- and low-lip line upon either side is removed and a 
small roll of wax added into which the cervical end of the 
teeth are inserted. The grinding of the lower teeth differs 
from that of the upper in this: The facet formed on the 
incisal edge of the upper looks lingually, while that formed 
upon the lovYer incisors looks labially. The mesial edge of 
the upper cuspid is extended, while in the lower cuspid the 
mesial edge is shortened. The mesiodistal groove formed in 
the upper bicuspids and molars is on the buccal side of the 
centre of the tooth, while it is placed lingually on the lower 
(Fig. 132). 

There are two methods for setting up the lower teeth. 
One method begins by setting first the second bicuspid so 
that it shall accurately intercuspate with the upper first and 
second bicuspids. T'his is followed in order by the first 
bicuspid, cuspid, lateral, central, and then the first molar. 
The other method begins with the central incisor and con
tinues in order backward. The reason for beginning with the 
anterior is to assure the desired expression, and that the lower 
teeth shall be clear of the upper ones by nearly one-sixteenth 
of an inch. The upper anterior teeth should overlap the 
lower, but for mechanical reasons they cannot overlap one
third the length of the crown, as in typical natural teeth. 
The amount of the overbite will be governed by the angle 
of the condyle path, and ·will be adjusted at a later stage of 
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the operation. The difficulty encountered by this method is 
to get the bicuspids to interlock. This often requires that 
the anterior teeth overlap each other laterally, especiall;y the 
cuspid overlapping the lateral. To properly oYerlap any of 
the anterior teeth, either lower or upper, the mesiolingual 
angle of the overlapping tooth should be ground away for 
nearly its entire length. Also to interlock the bicuspids 
it may be necessary to soften the vvax about the upper 
bicuspids and molar and move them backward. However 
'it may be accomplished, the bicuspids ?77/Ust interlock or 'inter
cuspate. These six lower teeth being secured \Yith wax, 

FIG. 134 

the segment of >Yax on the other side of the median line is 
removed and the six teeth mounted on that side. t:34 
shows the twelve upper and the tv1elYe lower teeth mounted 
to a straight horizontal plane. Should any of the teeth 
be loose in their setting, they are made fast by remelting the 
wax about them with an ironing spatula (Fig. \19), and the 
~wax about all of the teeth thoroughly chilled for the next 
step of setting the lower second molar. 

A portion of the hardened wax just back of the luwer first 
molar is removed and a ball of softened wax set in its place. 
The occlusal surface of the second molar is ground into the 
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same form as that of the first molar, and set upon the softened 
ball of wax. The plane of the occlusal surface of the second 
molar should be nearly parallel with the plane of the condyle 
path, and the tooth should be so placed that the disto
occlusal margin of the upper first molar will glide upon the 
buccosulcus plane of the lower second molar when the teeth 
are placed in lateral occlusion. Fig. 135 shows the teeth 
in lateral occlusion and the disto-occlusal margin of the upper 
first molar in contact with the lower second molar. It is 
obvious that if all the teeth but the lovver second molar 
are set in hardened wax, and it in softened \Vax, \Vorking 

the condyle joint forward and backward repeatedly will aid 
in properly adjusting the second molar. Correctl,v· placing 
the three molars, the upper first and the lower first and 
second, is the key to the mechanico-anatomical antagoniza
tion; and the secret for success in the adjustment of these 
molars is in keeping the disto-occlusal margins of the first 
molars dou·n. They may be depressed a trifle below the 
plane, but never elevated above the plane. Herein is the 
distinction between the mechanico-anatomical arrangement 
of artificial teeth and the variously advocated "anatomical" 
arrangement of them. By observing Figs. 1, 2, 3, and 4 it 
will be seen that the anatomical arrangement of natural 
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upper teeth is that the occlusal surfaces of all the teeth, from 
the central incisors to and including the distobuccal cusp 
of the first molars, are in a straight horizontal plane, and 
that the second and third molars are not tilted, but stepped, 
upward. So far as the author knmvs, no adYocate of the so
called "anatomical articulation" has eYer suggested repro
ducing this upward stepping of the second and third molars. 
Hence there neYer has been a system of anatomical arrange
ment for artificial teeth, for they have all been adaptations, 
and all to a greater or less extent haYe opposed a physical 
la1v. The physical law is that "force moYes at right angles 
to the surface from which it emanates." Therefore it 
is evident that the system that least opposes this physical 
law is superior in at least this one respect. It is eYident 
that if the molars are tilted upward at any angle (the greater 
the angle the greater the leYerage), the closing movement 
of the mandible must force the upper denture forward, and 
that if it were not for the interlocking of the bicuspids the 
denture could not be retained in its place. As the first 
molars must assume the burden of crushing hard food, it 
is logical to reason that their occlusal surfaces should be 

· parallel to their aln~olar base of support. If the crushing 
of food were the only function of artificial dentures, then 
the second molars should be placed in the straight occlusal 
plane; however, it is important to grind the food, and to 
have the deNtures so constructed that they are balanced in 
any position in ·which they may be occluded. To obtain this 
balanced relationship of artificial dentures it is necessary 
to ha \'e more or less of the teeth placed in harmony with 
the condyle path; but to secure the greatest effectiYeness 
in crushing and grinding the food, it is necessary to have as 
few teeth out of the horizontal occlusal plane as possible, 
hence the short-balancing curve, or "compensating curve." 
This term, "short-balancing or compensating ctlrve," is in 
contradistinction to the long "compensating curve," as first 
taught by Dr. Bomx.rill. 

HaYing developed the philosoph~' of this peculiar arrange
ment of these three molars, a return may be made to the 
technic. 
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In like manner the three molars are adjusted on the other 
side of the case. 

Many of the new forms of molars have long lingual cusps 
on the upper and deep sulci on the lower ones. By this · 
means a nearly straight occlusal plane is secured which 
favors retention. 

Fro. 136 

Proving the Antagonization.-A critical study should now 
be made of the antagonization of the teeth as mounted. 
For this purpose the antagonizor is grasped so that the 
thumbs and fingers may manipulate the condyle paths, and 
the three movements (incisal, right and left lateral) are 
repeatedly produced. This will disclose any imperfections 
in the alignment of the teeth. Should any of the teeth 
prove to be too long and interfere in the varied movements, 
they may be intruded or ground upon the lathe. The teeth 
may be ground while mounted in wax, provided light pressure 
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is used in holding them against the stone, and the stone is 
sharp and true running. The requirements of vvell··antago~ 
nized teeth are that there shall be sufficient points of con .. 
tact in any position in which they may be closed, in ordinary 
use, to balance them, or to pre\'ent their displacement. lf 
the teeth are placed in incisal occlusion, as shown in Fig. 
136, the upper and lower incisors ·will be in contact, also 
the upper first molars (disto-occlusal margin) will be in 
contact with the lower second molars. It will be only 
incidental and owing to an irregularity of alignment should 

there be any points of contact between the incisors and 
molars, for the upper teeth describe a straight line and the 
lower, by inclining the second molar, describe a concaYe 
line; and a concave line can be in contact with a straight 
line only at its extremities. The teeth being in right lateral 
occlusion, that is, the lower carried to the right (:Fig. 1:)7). 
there will be many points of contact on the right side but 
no contact on the left side, except, because of the piYotal 
movement, the lower second molar is carried forward and 
is in contact \Yith the disto-occlusal margin of the upper 
first molar. This gives the so-called three-point contact, as 
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represented by the molars upon the left and the cuspids and 
molars on the right side. The teeth being placed in the left 
lateral occlusion (Fig. 1:38), the same relations are established 
for that side. . 

In this critical study of the antagonization of the teeth 
it should be apparent that there is a relationship betlveen 
the lateral inclination of the bicuspids and molars and the 
angle of the condyle path. The difference in width of the 
maxilla and the mandible, in the bicuspid and molar region, 
necessitates that these teeth are more or less laterally 

Fw. 138 

inclined; and that the plane described by the lateral move
ment varies from straight to sharply concave, with the 
concavity upward. If the condyle path is horizontal, the 
lateral movement plane will be straight; but if the condyle 
path is nearly perpendicular, the lateral movement plane 
will be sharply concave. This is demonstrated by two blocks 
of plaster mounted in the antagonizor, and the lateral move
ments made until the blocks are so ground that they will 
be uniformly in contact at every point, while in the lateral 
movement. If the teeth have not been correctlv inclined 
while mounting, they may be corrected by softenii{g the wax 
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about the cerYicrtl ends of the teeth with a hot ironing ~wax 
spatula and moving the ccrYical ends either inward or out
ward as required. It mav he necessarY to remo\·e certain 
of the teeth and deepen tl;e sulci and p;Jssibly shorten some 
of the cusps. \Yhen the teeth are ground and mounted 
so that they may be mm·ed in any direction (three), and, not 
meet with interfering points, also have the largest amount of 
contact surface, the critical study and correction ma~· he 
considered as completed. Time used in this critical ~work is 
well spent. 

To complete the mounting of the teeth sufficient wax is 
cut away to permit the upper second molars being set in 
occlusion ~with the lower second molars, ~which are fixed 
in position with melted wax. 

It is noticeable in some of the illustrations that there is a 
space between the luwer first and second molars. The reason 
for this is that by carrying the second molar forward, surface 
contact cannot be gained, only a V-shaped space formed, 
while b~· carrying it backward it affords a longer gliding 
surface for the upper first molar and a larger contact sur
face for the upper second molar. 

OTHER METHODS FOR ANATOMICAL ANTAGONI~ 
ZATION. 

vYhat is meant by anatomical occlusion or antagoniza
tion? It means that the artificial teeth are mounted in a 
manner compatible \Yith the laws of nature, but not neces
sarily and rarely are thev reproductions of nature for 
natur~ rarely attains perfe.ction in our conception of her 
ideals. Ho\Yever, nature's la1vs are immutable and not 
violable with impunity; therefore the prosthetist must, if 
he desires the best results, bring his artificial creation into 
compatibility with nature. 

There are three laws of nature that an artificial denture 
shall not, with impunity, violate: 

1. The law of resistance of a tissue to compression. 
2. The lavv of freedom of movement of a tissue. 
;). The law of direction of force. 
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As an artificial de1~ture must compress the soft tissue· 
upon which it it follows, as a logical sequence, that 
the larger the surface and better distributed the pressure the 
less resistance, and, consequently, nature will better toler
ate the artificial appliance. However, an artificial denture 
riding upon a muscle is retarding the free movement of 
that organ, and if the contracting power of the muscle is 
greater than the retaining power it must dislodge the den
ture; therefore there is in each individual ease a circum
scribed surface upon \Vhich the artificial denture may rest 
securely, but beyond which it is insecure and a source of 
irritation. The base-plate outline and adaptation being 
secured, the third factor, the law regulating force, must be 
complied with. This consists of mounting the teeth in such 
a manner as best to meet opposing forces--antagonism
antagonization. Therefore anatomical occlusion (closed 
teeth-passiYe), a better term is anatomical antagonization 
(opposition-active), reduced to its lowest denomination, 
may be defined as a factor in retention of artificial teeth. 
Important as is this factor, it is only one of several factors 
equally important. It is founded upon anatomical know!·· 
edge, therefore scientific; but it is pure mechanics. This 
scientific mechanical operation is a superstructure resting 
upon a substructure (base-plate), and it is dependent upon 
the secure or insecure foundation-impression. Therefore 
a properly taken impression is the foundation, the key to 
success. The substructure (base-plate) is next in importance, 
and if made from a tested impression is quite simple; but 
as few impressions taken are tested and perfection assured, 
the base-plate constitutes a very uncertain factor as a 
support for the superstructure--anatomical occlusion. 

To more fully appreciate the relative importance of ana
tomical occlusion in the scheme of restoring lost dental 
organs, it is well to classify the essential factors entering 
into such restoration. 

Thus it is seen that anatomical occlusion is a control by 
the physical laws of leverage. As leverage is the most 
powerful force utilized by the prosthetist it becomes of great 
importance. Anatomical occlusion probably has had, and. 
is having, more profound study than any other phase of 
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prosthetic dentistry, as evidenced by the inYentive genius 
displayed since 1840, the date of the first so-called anatomical 
articulator. Nevertheless, one must not lose sight of that 
other great factor, esthetics, for a part can never equal the 
whole, and the perfect artificial denture is the thing desired. 

Classification: 

f A thorougb knowledge of the various hard and soft. 
Anatmny i J,issues of Lhe mouth--their form, action, and 

[ eontrollability, 

Factors Retention 

Measurements { Impre~sions and casts, 
, t f Occluswn and contour models, 

conslo · 0 JVIovements of the mandible, 

Physics 
includes 

f Molecular attraction, 
1 Atmospheric pr0ssure. 
l LeYerage, i. e., anaton1ical occlusion. 

(Calor, 
Esthctics i Forms, 

\. Contoum, 

\Yhat constitutes the distinction betl,~ccn plain occlusion 
of the teeth and the designated anatomic·al occlusion? 
Plain occlusion consists of arranging the teeth in the nonnal 
relationship of their morsal surfaces. Anatomical occlusion 
is an addition to plain occlusion, and consists of placing the 
teeth in such a position as to create the so-called "three
point contact." -Plain occlusion is nature's perfection, and 
should be striven for in eyery mounting of artificial 
teeth. The three-point contact is rarely found in natural 
dentures and is entirely unnecessary. However, three-point 
contact is essential and is perfection in antagonization of 
artificial teeth. Three-point contact is a name applied to 
the operation of arranging artificial teeth so that they 
balance in incisal and lateral occlusion as well as in normal 
(retruded) occlusion. It is the control of the laws of leYerage, 
therefore essential to perfection in artificial dentures. As 
before expressed, anatomical occlusion is a factor only in 
retention of artificial dentures. Anatomical occlusion, 
viewed in the naked form, seems a very simple thing, but 
it is not; the subject has been coexistent with dentistry 
as a profession, and is still a profound subject for inves
tigation. It is believed that all the movements of the 
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mandible are now understood, also instruments invented 
to produce them; but no one knows what the future ma,y 
have in store for us. It is certainly true that the profession 
is being flooded with im·entions designed to make perfect 
this operation. Judgment is always an essential factor even 
with the most highly developed instrument on the market. 

These questions arise in our mind: (1) Are these expensive 
and elaborate instruments necessary? (2) Can perfect results 
be produced with them? (:3) Are all the instruments called 
anatomical equally good, and, if not, ~which is the best? 
If an answer in a word were required to all these questions it 
~would have to be, ::'\o. However, that would be a very 
unjust way of disposing of the subject, for it is probably 
true that the vast majority of the profession is not qualified 
to make use of the knowledge or the best instruments noiY 
obtainable. Probably the Sncnv, Gysi and Hall instruments 
are the most scientific and practical instruments yet placed 
upon the market. However, the Hall is of a class diametrical 
to the other hvo in this, the Hall is constructed upon the 
principle that the teeth and muscles direct the movements of 
the condyle, whereas the other two are constructed upon the 
principle that the condyle and muscles control the mm·ements 
of mastication. Therefore the Snow, Gysi and Hall instru
ments and methods only are considered in e~:tenso. 

Anatomy.-A thorough knowledge of the structure and 
use of the hard and soft tissues composing the masticating 
apparatus is necessary to fully comprehend anatomical 
occlusion; however, a resume only Can be giYen here, and 
Gray's "'lnatomy should be consulted. Four bones enter 
into the upper ja-vv, the two maxillary and palatal, while 
the lower jaw has but one, the mandible. The upper jaw 
is the fixed or stationary base, while the mandible is a lever 
or swinging arm attached to the cranium by ligaments and 
muscles. The attached end of the mandible (either end) is 
called the condyle, the portion of the temporal bone into 
which it sets is called the glenoid fossa, and the anterior 
inclined curved surface of this fossa is spoken of as the 
eminentia articularis. The condyle is separated from the 
fossa by a cushion of membranes and ligamentous tissue, 
and the two (condyle and fossa) arc united, in part, by a 
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capsular ligament attached below the head of the condyle and 
at the peripher~' of the glenoid fossa. This forms a peculiar 
ball-and-socket joint. There is no fixed rotating centre. In 
a simple open-and-shut movement Dr. Snow has said: "At 
first the circular surface of the condyle moves as from a pivot 
in the synovial sac, the centre of the movement being at 
the centre of its curved surface. \Vhen the backward swing 
of the ramus has taken up the slack in the external lateral 
ligament the lower edge of that ligament determines the 
centre about which further movement is made." The 
condyle instead of being. spherical is an elongated flattened 
spheroid. Its long axis is approximately at right angles 
to the ramus of the mandible, but is doubly oblique, that is, 
it is slightly inward, downward, and backward with so 
many variations that it is difficult to recognize the rule. 
Hence the movements of mastication ma.v be considered as a. 
component of the various mm'ements of the mandible. To 
construct an instrument admitting the reproduction of all the 
rotating points formed in the gyrations of the mandible seems 
now to be complicated and impracticable, and probably 
entirely unnecessary. The Kerr articulator was an attempt 
at producing the anatomical rotation joint, while the Gysi 
adaptable establishes an average rotating point variable in 
one direction onlv. 

This third mo,:ement of the mandible (lateral) was recently 
described by ::\Ir. Xorman G. Bennett, of England, and 
measured b,\- Professor G,\'Si, of Switzerland. 

These three movements of the mandible-open and shut, 
forward incisal, and lateral mandibular-are the impor
tant factors in anatomical occlusion. The Gysi adaptable 
antagonizor, with the three measuring instruments, is a 
valuable aid in comprehending and demonstrating these 
movements and their importance. It is probably the only 
instrument upon which it is possible to approximately repro
duce all three of these mo\'ements of the mandible. Even 
with this instrument the teeth mounted in wax should be 
tried in the mouth for final adjustment. There is a reason 
for this: All three measurements are made by use of an 
insecure base-plate resting upon the mandible, consequently 
are not absolutely dependable. It is true that an expert, 



RUBBER AND VULCANITE 

painstaking scientist, and operator like Professor Gysi 
will produce quite accurate results with these instruments; 
but it is hardly reasonable to expect satisfactory results 
by even the average operator, to say nothing of those inex
perienced in handling instruments of precision and below 
average ability. The Snow antagonizor without the use of 
the face bow is no bettet than an ordinary hinged occlusion 
frame. The most highly developed antagonizor can be of no 
service for anatomical occlusion unless the casts and occlusion 
models are mounted by the aid of well-taken measurements. 
A well-developed anatomical antagonizor is desirable for the 
laboratory, but the perfection, the human anatomical antago
nizor, is necessary for the operating-room. 

It is thought by some that the pivotal centre of the open
and-shut movement should be reproduced in the antagonizor, 
and by other authorities that it is of no practical value 
in mounting artificial dentures. The writer is of the latter 
opinion, because this pivotal centre exists only as the man
dible is being moved from the maxilla, and returned to 
contact, when the pivotal centre is instantly transferred 
to the surface of the condyle and remains there during the 
triturating movements of mastication. The writer is 
further of the opinion that the lateral incisal movement is 
of negative importance; but that the lateral mandibular 
and the forward incisal moYcments are important; also 
that the essential portion of these operate from the top 
of the condyle. If this belief and reasoning are true to 
nature, then the variable lateral rotating centre of the 
Gysi adaptable antagonizor is unnecessary; but the lateral 
and vertical movements o'f the condyle are scientific and 
necessary for the greatest accuracy; however, as these 
measurements are obtained by an insecure attachment 
to the mandible, the accuracy of the measurements are very 
questionable. In the Snow Twentieth Century Antagonizor 
the vertical movement or forward incisal only is reproduced; 
but the Snow new "Acme" has the forward incisal and lateral 
mandibular movements; as has also the Hall. However, 
these two movements, forward incisal and lateral mandibular 
are quite different in development in each of the three 
instruments, Adaptable, Acme, and Hall. 
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There is still the question of the importance of an exact 
measurement of the base line of the mandibular triangle. 
Dr. W. C. Dalbey, of Du Quoin, Illinois, in an interesting 
paper in the March, 1914, Dental Cosmos, lays much stress 
upon the importance of the length of the base line of the 
triangle. He has invented an instrument for its measure
ment. If the gyrations of the mandible were from a :fixed 
rotating centre as in a mechanical antagonizor, then un
doubtedly the length of the base line of the triangle would 
be an important factor; but as it is a remarkably adaptable 
joint and one of its most important movements is lateral, 
its exact measurement may be unimportant. It is important, 
however, to have all points of the occlusal plane in har
monious relation to the base line of the triangle. This is 

·the sole function of the face bow. It must be evident to 
a reflective mind that this lateral mandibular movement 
emphasizes the three fundamental horizontal longitudinal 
planes of the bicuspids and molars as illustrated in Figs. 
132 and 133, therefore in grinding a>Yay interfering cusps 
they should be reduced in the direction to these longitudinal 
planes. However, this does not imply removing the cusps 
to a flat surface, but enough only to relieve the interference. 

Recently, while in vYashington, D. the ,vriter, through 
the kindness of Curator Hirdlicka, of the Smithsonian 
Institution, had the privilege of examining and measuring 
a series of mandibles of that great collection. Limited time 
only prevented a more extensive study. 

The follmving tabulation, while not extensive enough to 
establish the fact, is elaborate enough to be suggestive, and 
to aid in a developing conviction; that that the man
dibular equilateral triangle is the exception and not the rule: 

I\Iandibular triangles, 

Equilateral 
Isosceles . 
Scalene . 

Totals 

19 ( 6%) 
187 (64%) 
86 (30%) 
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The average triangle of the 60 mixed whites had a base 
of 9.8 cm., and the right and left sides lOA cm. each. 1 

The average triangle of the :30 German whites had a 
base of 9.7 cm., the right side 10A6 cm., and the left side 
10.5 cm. 

The largest side of the triangle in the 90 ·whites was 11.4 
cm. for both the right and left sides, of which there were 
3 of each, and 1 base reached a magnitude of 11.2 cm. 

In the mandible of the 90 whites there were 2 base lines 
longer than one lateral side and 2 base lines longer than 
either lateral side. In the remaining 202 measurements 
there \VCre .5 instances in which the base line was longer 
than a lateral side and 6 others in which the base line \Vas 
longer than either lateral side. 

·while balance, the so-called "three-point contact" is the 
essential and fundamental factor of anatomical occlusion, 
it is dependent upon several other operative procedures. 
These associated factors can here be named only, as each 
factor is a chapter by itself. They are: impressions, casts, 
base-plates, occlusion and contour models, and measure
ments. Anatomical occlusion emphasizes the importance 
of each of these factors, especially the base-plate and oeelu
sion modeL A base-plate of \Vax is very unsatisfactory 
for this \Vork. A well-adapted resinoid base-plate is much 
better, but perfection requires a base-plate of vulcanite or 
metal. Having suitably formed base-plates and occlusion 
models, and the measurements obtained, the casts and 
oeelusion models are mounted upon the antagonizor. 

Occlusion of the Teeth.-::\ormal oeelusion consists of 
the labial and buccal surfaces of the upper teeth slightl,y 
overlapping the same surfaces of the lower teeth. The 
morsal surfaces of the bicuspids and molars interlock one 
against two, except the upper third molar, and the six ante
rior upper teeth overlap the lower teeth (approximately) 
one-third of their length; but are not necessarily quite in 
contact with the lower ones. In normal occlusion the lower 
teeth, except the central incisors, are in advance of their 

1 10.16 cm. equal 4 inches. 
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corresponding upper teeth. Plain occlusion of artificial 
teeth lays no stress upon the long axis of the teeth, but the 
long axis is the controlling factor in anatomical occlusion, 
the factor that controls the direction of force upon the arti
ficial dentures in the various gyrations of the mandible. 
The two physical laws of force controlling leverage in an
tagonization of the teeth are: (1) Force moves in a straight 
line, and at right angles to the surface of its origin, and 
(2) the combined direction of two or more forces is their 
resultant. Therefore stability of a denture requires that 
the long axis of the teeth shall be at right angles to the 
plane of the jaws upon their buccal surfaces, but an oblique 
angle upon their distal surfaces; also that the resultant 
of the incline planes of the morsal surfaces of the molars 
and bicuspids must be at right angles to the base plane, but 
oblique in the plane described b~· a cross-section of the 
denture. It is apparent that ·when an artificial denture 
has one cusp only in occlusion with the opposing dentures 
it is impossible to have the long axis of the tooth as a resultant 
of all the lines of force that may bear upon it. Hence an 
auxiliary support may be had by so mounting the teeth 
that necessarily there is a second point of contact upon the 
opposite side of the denture, and still better if there can be 
three equidistant points of contact. This is the basis of 
the so-called "three-point contact," and is exemplified in 
incisal occlusion and also in lateral mandibular occlusion. 

Arranging the Teeth.-The six upper anterior teeth are 
mounted to the Bonwill dental circle 1cith such variat?:ons 
as may be requiiTed for esthet1:cs. The mounting of the bi
cuspids and molars should be considered as mechanical 
problems, and esthetics ignored just to the extent that the 
esthetic defects are not too glaring. The upper bicuspids 
and first molars upon either side are arranged in a diverging 
straight line. Their long axes diverge slightly outward so 
as to have full-face occlusion '\Vith the lower opposing teeth 
which converge· inward. This will provide for the lateral 
mandibular three-point contact, provided the occlusal sur
faces are properly formed and the long axes are correctly 
aligned; but it will not produce the incisal three-point 

17 
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contact, which must be secured by setting the lo'IVer second 
molar and the overlap of the central incisor in harmony 
\vith the inclination of the eminentia articularis. It is seen 
that the normal upper incisors overlap the lower incisors 
one-third of their length; this permits the lower second 
molars, when moved forward, to occlude with the upper 
first molars provided the condyle path is horizontal. If 
the condyle path is very oblique and there is a typical one
third incisal overbite (as seen in natural normal occlusion) 
the lower second molar (either side) would have to be set 
at an impracticable inclination, whereas by placing the 
oYcrbite at the minimum the inclination of the second 
molar may be reduced. 

There are two methods which the three-point contacts 
may produced. The one method has just been described 
and consists of placing the lower second molar in harmonious 
relation with the eminentia articularis, the upper first molar 
and the central incisor. This method is necessarv when 

the older forms of artificial teeth. The second vmethod 
of having molars with long lingual cusps, which 

is characteristic of the best of the newer forms of molars. 
The long lingual cusps of the upper molars, the deep sulci 
of the lower molars, and the slight or no overlap of the 
incisors compensate for the oblique condyle path and makes 
unnecessary the anterior obliquing of the long axis of the 
second molm;; thereby adding to the effectiveness of the 
masticating surface of the second molars. In fact, if the 
lower second molar is placed in a very antero-oblique posi
tion, the stability of the dentures is enhanced by leaving off 
the upper second molar. 

Professor Gysi instructs to set the upper bicuspids and 
molars directly over the crest of the alveolar ridge, with 
the lingual cusp of the first bicuspid slightly above the 
horizontal plane of the buccal cusp; the two cusps of the 
second bicuspid are in their same horizontal plane, while 
the lingual cusps of the molars are increasingly below the 
horizontal plane of their buccal cusps. He instructs to set 
the molars so as to slightly open the bite and then force 
into occlusion by placing the teeth repeatedly in right and 
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left lateral mandibular occlusion. This is a very simple and 
most effective technic for securing the lateral mandibular 
three-point contact. This is normaJ occlusion, or normal 
bite. -

Cross-bites.-When there is an extensive disparity between 
the width of the upper and lower alveolar processes, better 
results mav often be obtained bv the cross-bite method. 
This consi~ts of exchanging pla;es with the molars and 
second bicuspids crisscross, that is, the upper right teeth 
exchange places with the left lower and the upper left with 
the right lovver. This interchange of position necessitates 
some grinding. In time the cross-bite teeth of Professor 
Gysi's patterns will probably be upon the market. This 
cross-bite method of mounting places the buccal surface 
of the lmver molars buccally to the buccal surface of the 
upper molars, thereby placing the teeth in better relation 
to the alveolar ridges and less interference with the move
ments of the tongue. However, in excessively resorbed 
ridges, this cross-bite is rarely required because the base 
plane is at the periphery of the base-plate rather than at 
the crest of the alveolus, and the normal bite is preferable. 
The cross-bite is especially indicated with prominent alveolar 
ridges, and contracted maxillre, usually accompanied with a 
high vault. 

Trial of the Teeth on the Human Anatomical 
If \Yell-adapted base··plates, occlusion models, and meas
urements are obtained and reasonable care given to mounting 
the teeth anatomically, the wax b~ing thoroughly chilled, 
the dentures are ready for proYing in the mouth. Patients 
should be instructed that the teeth are mounted in \Vax 
and that they must not use force upon them unless they 
are instructed to do so. The teeth are placed in the mouth 
in normal occlusion and studied esthetically, then they are 
placed in incisal occlusion, and, with a thin~blade spatula, 
tested to see that there is equal pressure at the three points 
of contact. They are then placed consecutively in right and 
left lateral occlusion and tested in like manner. Should 
any of the teeth prove to be too prominent the IYax about 
the elongated teeth is slightly warmed, replaced in the 
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mouth, and the teeth closed in the necessary occlusions to 
adjust them. Should any of the teeth be too short the 
wax is dried, the teeth raised and waxed, then adjusted to 
the mouth. 

The anatomically occluded teeth ma~' now be considered 
perfect and ready for mounting on Yulcanitc. 

THE HALL METHOD OF ANTAGONIZATION. 1 

Theory.--The Hall theory of the mandibular movements 
and antagonization is based on an extension of Bonwill's 
discover.)' that the ground plan of the human masticatory 
apparatus is the equilateral triangle. 

Its development has demonstrated that the cond~·les are 
not the guide to the movements of mastication, but arc 
merely the fulcra upon >vhich the mandible moYes; that the 
planes and the positions of the teeth are the guides of the 
mandibular mo\·ements, just as the rails guide the railway 
train. The movements of the mandible are complex, made 
up of a number of simple moyements automatically operat
ing simultaneously in concert as guided by the teeth. Only 
movements occurring when planes of two or more teeth 
are in contact are masticatorv movements and arc of im
portance to the prosthetist. "In line with this idea, and 
recognizing the coordinate relation between the movements 
of the mandible and the planes of the teeth, the Hall theory 
adapts the mandibular movements to the planes and positions 
of the teeth, and not the planes and positions of the teeth to 
the condyle paths. It is obvious, therefore, that the re
establishment of correct masticatorv movements must be 
effected, if at all, by means of artificial dentures that restore 
the proper relations of the planes of the teeth. Practical 
tests based upon this idea prove its correctness. 

Dr. Bonwill took the mandible as his basis of measurement 

1 The following description of the Hall instrument and method has been 
furnished for this book by Dr. Hupert E. Hall, of Houston, Texas. The author 
has been intimately acquainted with the work of Dr. Hall for more than 
two years and unhesitatingly endorses the instrument and method as in 
his opinion destined to revolutionize the mounting of artificial dentures. 
They are remarkably simple, positive, and efficient. 
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because it is the jaw of moYemcnt, and he states that the 
measurements of the upper javY must be made to conform 
to those of the lower, but slightly larger. ConYersely, then, 
the measurements of the mandible must be made to conform 
to those of the maxilla, but slightly smaller; the dimensions 
of the maxillar triangle determined, those of the mandibular 
triangle are found automatically. 

The triangle of the maxilla is described by lines connecting 
the crests of the glenoid fossm of the temporal bone with 
each other and with the contact point between the upper 
central incisors. The line between the crests of the fossm 
is the base, the contact point of the incisors the apex of the 
triangle. Theoretically it is equilateral, with a measurement 
of approximately four inches on each side; practically it is 
rarely precisely equilateral, and the dimensions vary on both 
sides of the ideal. The triangle of the mandible (Bonwill 
triangle) is of the same form but slightly smaller, working 
inside the triangle formed by the maxilla, and is described 
b~· lines connecting the centres of the crests of the condyles 
and the contact point of the lower central incisors. 

The altitudinal lines of both triangles are in the median 
line of the face and the sagittal plane of the skull. If the 
maxillary triangle be conceived of as folded back on its base 
as a hinge, its apex will take a position at the external occipital 
protuberance. The protuberance is thus seen to be at the 
same distance from the condyles and at the same angle to the 
occlusal plane as the contact point of the central incisors. 

The triangle in these two positions will be in different 
planes, and will form a dihedral angle corresponding to the 
dihedral angle between two equilateral triangular pyramids 
placed base to base, forming a double pyramid. A straight 
line between the two positions of the apexes of the double 
pyramid--contact points and protuberance-describes the 
so-called occlusal plane. 

The soundness of these theoretical conclusions as a basis 
for practice has been amply verified. Every practical case 
in ·which they are tested--without a single exception
adds to the cumulatiYe affirmatiYe evidence of their 
correctness. 
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A complete geometrical demonstration would perhapsbe 
too technical here, so only a brief resume is presented. 

The accompanying scheme 1 39) shows the double 
regular pyramid founded on the mandibular triangle applied 
to the human skull in the development of the Bonwill idea 
to its legitimate conclusion. The maxillary triangle is super
imposed, showing its relations with the mandibular. 

M 
FIG. 139 

A B C D represents the double triangular pyramid; G F 
the superimposed maxillary triangle. B stands for the base 
of the mandibular (Bonwill) triangle, the line connecting the 
crests of the condyles; C for the apex, the contact point of the 
lower central incisors. A is the point internal to the external 
occipital protuberance which the apex assumes when folded 
back. D is a basal corner of the double pyramid (incisive 
centre). DB is the altitude of the figure in the vertical plane 
and intersects the line A which describes the occlusal 
plane, at a right angle at E (opening and closing centre). 
P is the apex of the maxillary triangle. G is the line repre-
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senting the crests of the foss:r. II is the external occipital 
protuberance, the point assumed by the apex of the maxillary 
triangle when folded back (centre of mandibular latem~ 
vertical movement). 

The complex masticatory action of the mandible is made 
up, so far as concerns this discussion, of (1) the opening and 
closing (vertical) movement, (2) the side-to~side (lateral) 
movement, (3) the incisive (forward) thrust. Each of these 
movements functionates around its own variable center, and all 
are so related that, operated by the muscles and guided by the 
planes of the teeth, they coordinate automatically, producing 
the infinite combinations that make up masticatory efficiency. 
~ature is nothing if not efficient; in all her \Vorks she 

provides (typically) the most effective tool for achieving a 
given result. The typical guiding angle of the cusps in normal 
human teeth is forty-five degrees, and this angle is the most 
efficient, mechanically, because it giYes a guiding mandibular 
movement that combines equally the opening and the lateral 
movements. The typical cusp angle, it should be remem
bered, is determined by and applies to the first bicuspids, 
these being the farthest two-cusp teeth from the opening and 
closing centre. 

The angle of the typical cusp, that of the first bicuspid, is 
projected, line I J. A line projected from the occipital 
tuberance intersecting the prolongation of the line 
right angles determines the axis of the compound latero·· 
vertical movement so produced, line ]( 'Which may be 
termed the laterovertical movement. 

The for1vard thrust of the mandible, its incisive movement, 
finds its centre automatically in the line 13 below the 
occlusal plane, typically at the point D. It operates in com
bination with the opening and closing centre E. The length 
of line 13 jJi may be infinite. 

The Hall antagonizor affords the means for reproducing all 
these movements and their combinations, including the auto
matic shifting centres of action, and provides perfect antago~ 
nization and apposition of the planes of the teeth, giving the 
wearer the full advantage of the mandibular movements in the 
mastication of food. Its centres of movements being adapt-
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able, teeth of any cusp angle, an,y degree and inclination of 
overbite and arrangement may be mounted upon it with the 
certainty that they will ·work in the mouth precisely the same 
as in the articulator. 

Fig. 140 shmvs a diagram of the mechanical device for the 
registration and reproduction of these centres and movements. 

Fig. 141 shovvs a perspective view of the device. Practical 
description of the appliance is gi\·cn in the "\Iethod of Use. 

FIG. 140 

Method of Use.-Base-plates and wax occlusion models are 
prepared, trimmed, contoured and adjusted to the require
ments of the case, but without special regard to the occlusal 
plane, as this will be established better in another way. 
Secure the bite relation, mark the median line and the lip 
line, remove from the mouth and fuse the two waxes together 
securely with a hot spatula. Next, mark the curve of occlu-
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sion (curYe of Spee), determining the position the teeth are to 
occupy. This curYe normally should be equidistant between 
the upper and lower ridges; but it may Yary if the absorption 
from the loss of the teeth has been unequal or if the esthetic 
requirements demand it. In all cases (the ridges permitting) 
the location of the anterior cune of occlusion will be deter
mined by the intersection of the lip line vYith the median line, 

and the curYe of Spee will blend or harmonize with the an
terior curve. In the region of the first upper molar on either 
side indent the wax at the occlusal curYe IYith a sharp-pointed 
instrument, and make a like indentation at the intersection 
of the median line and the lip line (Fig. 142). K ext secure the 
base-plates to the casts and attach the bite-jig E (Fig. 141), 
adjusting the screws in the indentations preYiously provided 
in the wax (Fig. 143). :'\ext adjust the bite-jig, carrying 
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the casts and bite \Yaxes in the antagonizor, and attach the 
casts to the east plates (Fig. 144). The bite-jig establishes 
the occlusal plane and Bonwill apex. Hemovc the bite-jig 
and the case is properly mounted and ready to receive the 
teeth. 

The centres of movement being theoretical and automatic, 
the dimensions and characteristics of the individual Bonwill 
triang1e are of no importance; therefore no attempt is made to 
ascertain and establish them in the antagonizor. Exhaustive 
tests have proved that results without accurate dimensions are 

I<'w. 142 

equal to those attained with them. Consequently, the face 
bow has been eliminated from use with this appliance and all 
cases are worked upon the theoretical average four-inch tri
angle. Therefore the design and use of the Hall antagonizor 
simplifies to an incomparable degree the technic and work 
in denture construction. The elimination of the need for 
measurements or adjustments makes the instrument the 
most simple and easy of understanding and operation yet 
devised. 

Setting the Teeth.--Loek screw A (Fig. 141) is locked and 
the opening and closing movement is used for the initial or 
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tentative setting. The teeth are arranged to conform to the 
ridges and to the esthetic requirements. Next they are tried 
in the mouth to ascertain the correctness of the bite and the 
esthetics, after which the trial dentures are returned to the 
antagonizor to adjust the teeth in their anatomical relations. 
The wax around the teeth is ,,·armed, lock screw A is released 

FIG. 143 

and lateral moYements are made, guided by the guide pin 
Bin the centre guide angle C. pressure is brought to bear 
upon the teeth, they are automatically forced into the correct 
anatomical relations. Next, lock screw A is locked and with 
adjusting screw D, the lower teeth are thrown forward into the 
incisive relation, in which position they are adjusted to three
point contact or whateYer arrangement is desired. 
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Lastly, they are returned to normal occlusion for final 
adjustment, after which the case is ready for waxing and 
vulcanizing. 
~ o attempt is made to perfect the occlusion and antagoniza

tion while the teeth are in the wax, because perfection gained 
at this stage would be lost in the succeeding operations of 

FIG. 144 

:flasking, packing, and vulcanizing. Dr. Hall contends that 
it is better to approximate these relations as well as may be 
without grinding, and after Yulcanization, when no slips or 
changes can occur, to grind the teeth to occlusion and an
tagonization, after his corrected bite method. This method 
consists in adapting a thickness of base-plate \Vax to the 
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occlusal and incisal surfaces of the lo~wer teeth, attaching 
it to the denture with a hot spatula, and inserting the den
tures in the mouth and baYing the patient register the normal 
bite upon the wax carried by the lower denture (Fig. 145). 

Fw. 145 

Remove from the mouth and secure!~· attach together in the 
relation established by the corrected bite as determined b~· the 
~wax (Fig. 14()). Adjust the bite-jig to the dentures the same 

Fw. 146 

as for the original bite and remount m the antagonizor 
(Fig. 147). Hemon the bite-jig and ~wax from betvYeen the 
teeth and the correct relation of the dentures is determined 
and the teeth are ready for grinding. 
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the Teeth.--First, they are ground under the lat
eral movement of the antagonizor to the guide pin (B) centre 
in the centre guide angle C. Secondly, the lower teeth are 
carried into the incisive position by means of the adjusting 
screw D and the grinding under the lateral movements con
tinued in this relation, bringing the lower teeth gradually 

FIG. 147 

back to normal occlusion with the adjusting screw as the 
grinding proceeds, effecting a solid cut with an unlimited 
range that will accommodate all the milling, triturating 
mandibular movements, providing thereby accommodation 
automatically for varying rotation centres. 

Dentures mounted in the Hall antagonizor may be placed 
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in the mouth with the assurance that adaptability and co
ordination 1vith the tissues and the mandibular movements 
will be perfect, with no points of interference, and no need of 
further cutting or adjusting. The teeth are ground in the 
antagonizor to perfect occlusion and antagonization in every 
direction it is possible for the mandible to move. Conse
quently, points of interference cannot be found, as there are 
none. Other antagonizors make no proYision for the milling 
movements traced by the incisor point, and provide limited 
movements only to a definite given path for either side for 
each case. It is a well-knmvn and admitted fact that the 

FIG. 148 

movements of the mandible are not restricted to definite 
paths, but it has been considered impossible to construct 
an antagonizor capable of reproducing all of the so-termed 
peculiar floating-like movements of the mandible. And an 
average movement only is all that has been accomplished or 
claimed for antagonizors of the past. 

In the Hall antagonizor the supposed impossible has been 
accomplished. The mechanism is such that all of the 
mandibular movements are reproduced and under perfect 
control of the operator. Its movements are capable of com
bining in infinite numbers of combinations, and teeth con
structed in it have a like range of adaptability, insuring perfect 
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coordination with the moYements of the natural mandible 
when the dentures are placed in the mouth. 

Fig. 148 illustrates the correct anatomical relation of the 
teeth in lateral antagonization as interpreted and arranged 
b,y investigators and prosthetists at the present time. 

Fig. 1 -±9 illustrates the incorrect relation of the teeth in 
lateral antagonization, according to the same authorities. 

Fw. 149 

Dr. Hall's interpretation of these two illustrations is that 
diametrically the opposite is true, and he cites the fact that 
the relation shmvn in Fig. 1!8 provides no space for food, and 
when the antagonization is opened to receiye food the balance 
points are broken and the anatomies are nil. Therefore his 
contention is that we have had no anatomical antagonization; 
that the so-called anatomical antagonization has been in 
reality nothing but occlusion. 

\Vith the Hall antagonizor the movements are such that 
normal overbitc may be set and the teeth so arranged that 
the normal anatomical relations as shown in Fig. 149 may be 
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secured as in nature (Fig. 150), and it is claimed to be the 
first antagonizor to permit of true anatomical arrangement 
of artificial teeth. 

Having discussed at considerable length "other methods for 
anatomical antagonization" (see page 2"19), a return is made 
to the main subject of the chapter, vulcanite technic. 

FIG. 150 

FINISHING THE MODEL DENTURES. 

The teeth being now accurately mounted and antagonized, 
care must be exercised not to disturb them in any further 
manipulation. As the outlines of the wax-model bases are 
the outlines of the finished dentures, attention should be 
given to the contour of the wax-model bases. These are 

18 
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completed by adding wax where there may be a deficiency, 
cutting away excessive wax and glossing the surface. The 
Haskell and Gritman spatulas (4 and 5 respectively of Fig. 
98) are excellent as ironing instruments, and the ::'\os. 1 
and 2 instruments of the Evans carvers are especially 
suitable for carving. There are two methods for glossing
Cl) heat, and (2) a solvent. The heat may be applied to 
glossing the surface either by passing the wax-model ba~e 
through the Bunsen f-lame with a moderately rapid motion, 
or the f-lame may be puffed upon the surface of the wax 
with a small mouth blowpipe. AJ1 expert may produce 
beautiful results with the f-lame, but the novice is liable 
to come to grief. The solvent method consists of wiping 
the surface over with a soft cloth (quarter of an aseptic 
napkin) moistened with a wax solvent. The most convenient 
and least objectionable solvent is chloroform. The teeth 
arc cleansed of wax at the same time that the surface is 
smoothed. As the surface. is covered with partially dis
solved vvax, the case should be permitted to stand until 
the chloroform has evaporated. The evaporation may be 
hastened by using a blast of air. 

in the Mouth.-The artificial dentures are now 
ready for the third appointment with the patient. There 
are two phases of constructing artificial dentures to be 
given consideration at this sitting of the patient-Cl) prov
ing the occlusion and antagonization, and (2) developing the 
esthetics. 

Proving the occlusion and antagonization is accomplished 
by placing the well-cooled model dentures in the mouth and 
requesting the patient to close the "back teeth," but force 
should not be used upon them, as they are only in wax. If 
they close in the retruded position, as constructed upon the 
antagonizor, the inference is that the occlusion is correct. 
HoweYer, it is well to make other tests, as there is nothing 
about prosthetic dentistry quite so uncertain as how an 
edentulous patient may close the mouth. They are moi:e 
liable to close it in a protruded position than in the normal 
retruded one. As a further test, the head is tilted backward, 
the prosthetist parts the lips slightly, and watches the result 
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while the patient performs the act of dcglutition. This 
act will necessitate the mandible being in its normal retruded 
position. Should the mandible drop backward an eighth or 
a quarter of an inch, the student may feel momentarily 
disheartened, for it will be necessary to go back and do tl{e 
work all over again, beginning 1vith the paraffin base-plates 
and occlusion and contour models. However, the student 
will profit by such an experience and henceforth give more 
attention to his occlusion and contour models. Should the 
deglutition test prove the occlusion in retrusion to be cor
rect, the test for equalized pressure is applied. Before mak
ing this test it is better, as the wax has been absorbing 
considerable beat, to remove the model dentures from the 
mouth and again cool them. They are replaced in the 
mouth and just firmly held in retruded occlusion. An 
attempt is made to insert a thin-bladed spatula between 
the bicuspids and molars upon first one side and then the 
other. Should the pressure be even upon the two sides, 
well and good; but should there be a separation on one 
admitting the blade of the spatula, the blade should be 
rotated to determine the extent of the imperfection. If the 
imperfection is but slight, it may be corrected by removing 
the model dentures from the mouth, placing one in \Vater 
to cool, drying the wax of the other (with absorbent cloth) 
about the non-contact teeth, softening the wax, extruding 
the teeth, and adding melted wax as indicated. The model 
dentures are returned to the mouth and closure made until 
equal pressure is obtained upon both sides. Should the 
separation upon one side be extreme, it is past correcting, 
and necessitates returning to the casts and beginning again. 
As the nm'ice learns by experience, he will see that equalized 
pressure is an absolute necessity in the occlusion and contour 
models, and this prevents the unequal pressure in the model 
dentures. 

The model dentures, meeting the tests applied for retruded 
occlusion and equalized pressure, are placed in incisal occlu
sion and tested \vith the thin spatula for equal pressure at the 
three points of contact. The dentures are then consecutively 
placed in right and left lateral occlusion and tested with the 



27G RUBBER AXD lTLC.!LVITE 

spatula. The dentures meeting these tests arc rcmoYed 
from the mouth, laved in cold water, dried, and returned to 
the antagonizor. As slight imperfections of occlusion and 
antagonization will be unconsciously corrected in the mouth, 
and may be apparent upon the antagonizor, it will be neces
sary to bring the antagonizor to the proYed model dentures, 
and not the dentures to the antagonizor. The antagonizor 
is conformed to the tested model dentures in this manner: 
The upper cast is remoYed from the antagonizor, the model 
dentures and upper cast arc assembled upon the lower 
cast, and the upper bow again attached to the cast with 
plaster. However, it is not necessary to conform the antag
onizor to the tested model dentures unless it is desirable to 
make changes for cosmetic effects; then it is well to ha\'e a 
fixed record of the antagonization as clcwloped in the mouth. 
It should be e\'ident to the student that if all the procedures 
have been faultlessly performed up to the mouth test, no 
corrections will be necessary; but as there are so many 
sources for error, it is necessary for the most experienced and 
skilful prosthetist to prove the work at this stage of con
struction. 

The second object of the third appointment is to deYclop 
the Esthetics. This phase of the subject will be fully treated 
in the chapter on Esthetics. The design in this chapter is 
to treat only the art and the science of construction. 

CONVERTING THE MODEL BASE INTO VULCANITE. 

The model dentures haYing been perfected are rcad.r to 
be conyerted into their permanent form. This consists of 
substituting vulcanite for the wax. This conversion requires 
good workmanship and involves considerable science. 

Synopsis.-Luting the model dentures to the casts; re
moving from antagonizor; flasking; opening flask; remo\'ing 
wax; heating; packing; closing flask; vulcanizing; removing 
from vulcanizer and flask; finishing. 

Luting.--The model dentures are luted to the plaster casts 
by running a hot wax spatula (Fig. 99) along the peripheral 
border. It is essential to have the entire border luted so as 
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to prevent the soft flasking plaster from getting between 
the model dentures and casts. 

Removing from Antagonizor. --'The bows holding the casts 
are removed from the antagonizor frame. The plaster cast 
is removed from the bow by soaking in water for a minute 
or two, trimming away any luti'ng plaster that may over~ 
lap the cast, forming a notch between the cast and luting, 
inserting a plaster spatula in the notch, and tapping \Yith a 
light hammer. 

Flasking.--The cast \Yith its luted model denture is then 
adjusted to the vulcanite flask. The adjustment consists 
in seeing that the cast is neither too thick nor too wide for 
the flask; if such is the case, the cast must be reduced. This 

Fw. 1.51 

1s done ·with a plaster knife (Fig. 65), after soaking the 
cast in water. Sufficient soft-mixed plaster is placed in the 
lower half of the flask to fill it half-full. The cast is then 
pressed into the soft plaster a sufficient depth to permit of 
the teeth being clear of the cover when the ring and cover 
are in place. Plaster is added to fill the space between the 
edge of the base of the flask and the periphery of the model 
denture. The plaster must not be carried upon the model 
denture. When the plaster has set it is trimmed smooth 
with the plaster knife. Fig. 151 shows the case properly 
inclosed in the first section of the flask. The plaster being 
set and trimmed so that no portion oYedaps the rim of the 
flask, a slope extending from the model denture to the rim 
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of the flask, and care exercised that no form is given to the 
plaster to act as a key and thus interlock the two sections of 
the flask, the exposed surface of plaster is nrnished \Yith 
sandarac as a separator. 

Flasking Upper Section.--As soon as the varnish has dried 
the surface of the porcelain teeth and wax-model base is 
\\'etted by holding in running \Yater; this will favor the 
plaster flowing smoothly over the surface and filling the 
interspaces bct\veen the teeth. The model denture being 
wetted, the ring of the flask is set in place and a thick creamy 
mix of plaster of Paris is poured in to nearly half--fill it; the 
base and ring of the flask are so grasped as to hold them 
together while jarring on the bench, thus causing the plaster 
to settle into every interspace between the teeth. J\Iore 
plaster is added and settled in place by jarring. The third 
addition of plaster should fill the ring when the cover is 
placed and firmly pressed \Vith the fingers, thus forcing out 
any excess plaster, which is wiped away. 

Opening the Flask.-The filled flask should stand until 
the plaster is hard set (thirty minutes). It is then placed in 
a three-quart stew pan and covered with cold water. The 
pan is placed upon the gas stove or large laboratory heater 
and heated until the water begins to boil, when the flask 
is removed from the water (use flask tongs, Fig. 118, or 
holder of Buffalo ~o. 2 press), and held in the left hand 
protected with a cloth holder. Start the separation of 
the two sections of the flask by inserting the edge of a 
plaster knife between them. As soon as the two sections 
loosen, the upper section is grasped with a doth holder and 
carefully drawn apart, care being exercised to so manipulate 
the two sections as to release them of any slight interlocking. 
The rule for placing the knife for starting the separation is: 
For upper cases place the knife at the heel of the flask, and 
for lmver cases at the toe of the flask. This will prevent 
fracturing the o\'erhanging anterior alveolar ridge. 

The instruction given for heating in water is subject to 
much \'ariation. The object is to apply heat in such a way as 
to soften the wax without melting it. It is evident that some 
judgment is necessary, as there -are seYcral factors, such as 
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amount of heat, water, and plaster about the wax. A little 
experience and observation will enable the prosthetist to 
dosely estimate the time to open the flask. 

Another method is to have the water boiling and submerge 
the flask for one to three minutes. The time is inverselv 
to the thickness of the encasing plaster about the wax, and 
the desired softness. The author has recently come to prefer 
this method. He uses one quart of boiling water, which is 
removed from the stove, into which he submerges the flask 
long enough to soften the wax sufficiently to avoid danger to 
the contents of the flask. L'sually one minute is enough. 
This short time -vvill soften the wax but slightly. vVax melted 
into the cast is detrimental to vulcanite. 

Removing Wax.-The softened wax is removed from the 
parted flask with a wax spatula so far as possible, and the 
remainder removed by a stream of boiling water. (A small 
teakettle is excellent for this purpose.) By examining the 
parted flask 'it will be seen that the east is in the bottom 
section of the flask, and the teeth, with their ce1;vical ends 
exposed, are in the upper section. If any plaster has found 
its way about the pins and cervical ends of the teeth, where 
there should be none, it should be removed with a pointed 
instrument and brush. Excess space should be cut about 
the periphery of the plaster, but without gate1cays. 

Heating.-The upper section of the flask is placed upon 
an 8- or 10-inch square piece of sheet iron over the gas stove, 
as shown in Fig. 152. \Vhile inspecting the upper section of 
the flask, the lower section is placed under the sheet iron, as 
seen in Fig. 152, to be dried by reflected heat. During the 
three or four minutes that the upper section is warming, the 
surface of the cast in the lower section of the flask is given 
attention. The surface of the cast should b~ treated so that 
it will impart a dense and smooth surface to the vulcanite. 
There are two methods for accomplishing this-(1) painting 
the surface with a liquid finish, and (2) covering with tinfoiL 

The Silex Method.-The liquid-silex method has the 
advantage of being easily applied, and, if the surface of the 
cast is entirely free of wax or oily substances, will give good 
results. A clean ox-hair or camel-hair brush is dipped into 
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the liquid silex and is then applied to the cast. It 1vill he 
necessary to occasionally dip the brush into water, so that 
the silex may be well diluted and evenly applied. The excess 
silex should be absorbed with a cloth. Another method is 
as follows: While the thin silex is still moist upon the cast, 
dust with talcum pmvder, and, when dry, rub carefully with 
a soft cloth. The liquid-silex bottle should be kept well 
corked and no particles of plaster be permitted to get into 
it, as they will precipitate and spoil the silex for its intended 
use. The brush must be well washed each time it is used. 

FIG. 152 

The Tin Method.-This method is preferable because it 
gives a smoother and denser surface to the vulcanite, espe
cially if any vvax has been melted into the cast. A sheet of 
1\ o. 4 tinfoil (0.0005 of an inch thick) is fitted over the cast 
with the thumb and finger. It is then removed and the 
excess tin cut away with sharp scissors, as indicated by the 
imprint of the edge of the cast upon the tin. The cast is 
now coated with sandarac varnish, and when it has dried 
to tackiness the tin is at once replaced and firmly pressed 
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and gently rubbed with a wad of soft paper until there is 
perfect adaptation to the cast. The tin should be rubbed 
until it has a well~burnished surface. It is important that 
the tinned cast be coated u.·ith a lather of soap. This is accom
plished by wetting a soft-bristle brush and rubbing it upon 
a cake of soap and then upon the palm of the hand until a 
smooth lather is formed, 1vhich is applied to the tinned sur
face; or, a thin wash of Johnson's ethereal soap may be used. 
If the soap is not applied the tin and vulcanite ·will adhere 
very strongly, and can only be separated by dissoh·ing the 
tin with mercury or hydrochloric acid. 

The cast, having been coated with either silex or tinfoil, 
is replaced under the sheet iron to be warmed while packing 
the rubber into the upper section of the flask 

Packing the Rubber.-During the time the flask is being 
heated preparatory to separating, the rubber is stripped of 
its cloth coYering and cut into suitable form for packing. 
For the upper case a piece of red rubber is cut of sufficient 
size to cover the central portion between the teeth; and the 
remainder of the red rubber, required for either the upper 
or lower, is cut into strips, across the sheet, about one-half 
inch wide. Sufficient pink rubber, or Walker's granular 
gum, to face the labial and buccal surfaces of the ease is 
cut into the same-sized strips, also thirteen small pieces 
(triangle or square, form indifl'erent, size about one-fourth 
inch) are cut for packing between the teeth. For eotwen
ience of handling, the cut rubber may he placed upon a por~ 
(~elain plate or a piece of glass. As rubber is very cohesive, 
the pieces must not touch each other while on the receptacle. 
As the flask is heated, it is unnecessary to heat the rubber; 
in fact, the cold rubber can be much more conveniently 
handled than that which is warm and adhesive. The heat 
of the flask will sufficiently soften the rubber to cause it to 
pack easily. Care should be exercised not to overheat the 
flask. It should be about the temperature of boiling water, 
or lower. As rubber melts at 250° F., and its quality is 
impaired when melted if exposed to air, it is well to have 
a safe margin of 40° or 50°. Two instruments, one in each 
hand, will be required for packing the rubber. Any small 
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and blunt instrument may be used. A small flat-blade 
burnisher held in the left hand to stay the n1bber while 
packing, also useful to carry the small pieces bet\Yeen the 
ends of the teeth, and the Zurbrigg rubber packer (Fig. 133), 
or the Xo. 3 instrument of the EYans set (Fig. 98) are ad
mirably adapted as packing instruments. A narrm"\· strip of 
red rubber is placed along the pins of the teeth, and as the 
rubber softens is pressed against the pins with the flat side of 
the broad end of the packer. The pins of all the teeth being 
engaged in the red rubber, one of the small pieces of pink 
rubber is engaged in each of the spaces betvveen the ends of 
the teeth. Packing these small pieces is simple and expedi
tious; however, a novice is liable to waste much Yaluable time 
in its performance. The small pieces of rubber are carried on 
the pointed end of the :'\ o. 3 instrument to place, the edge of 
the burnisher, held in the left hand, carries it between the 

FlG. li\3 

teeth, and while so held the packing instrument is used to 
turn one edge oyer upon the centre of the space between the 
teeth and compress the rubber while withdrawing the other 
instrument. These three movements to each space should be 
sufficient. A strip of the pink rubber, suff1ciently wide to 
nearly cover the buccal and labial surfaces of the denture, is 
placed with one edge overlapping the teeth for about one-half 
their thickness. The fingers are then used to compress the 
strip of rubber down upon the ends of the teeth and against 
the sides of the plaster mold. This act unites the large strip 
and the small pieces and perfectly forms them about the 
cervical ends of the teeth. If much restoration is required 
for the gum portion, another layer of pink rubber may be 
placed upon the adjusted piece. However, the edge of this 
piece should not overlap the teeth, but extend from the t~eth 
to the margin of the mold. If there is great thickness of gum 
restoration required, pink rubber should be added to nearly 
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complete it. The reason for making heavy restorations with 
pink rubber in place of the stronger red rubber is: There 
is no danger of thick masses of pink rubber Yulcanizing 
porous, while the same space filled with red rubber is almost 
certain to do so. If a thin gum restoration is required, one 
layer of pink is sufficient. The next step in packing the 
upper case is to place the centre piece, which is done by 
adapting the piece of rubber to the plaster matrix by finger 
pressure from the centre outward, permitting the edge to 
overlap the packed rubber. In the lovver case one or two 
thicknesses of red rubber is placed upon the lingual surface 
of the mold. The packing of rubber is done with the fingers 
when possible, onl,y using instruments where the fingers 
cannot effectively reach. The problem confronting the 
workman at this stage of the operation is to know ~when 
sufficient rubber has been placed to just fill the mold, for 
much excess rubber is liable to do harm. Various methods 
are used, as: Weighing the wax model plate and taking its 
~weight plus one-fifth in rubber, the difl'erence in specific 
gravity. Displacement method: Place the wax of the model 
plate in a suitable dish (glass tumbler) and fill it to over
Howing \Yith water; the \Yax is removed and replaced with 
rubber. With either of these methods a little extra rubber 
should be added and good judgment used in distributing 
the rubber in packing. The preferred method is the "Trial" 
method. 

Closing the Flask.--This (trial) method consists of placing 
the rubber in the m old as has been described, until the judg
ment dictates there is nearly but not enough to fill the molcL 
A piece of close-woven cotton cloth, free from starch, is 
saturated with water (preferably hot) and placed over the 
packed rubber; the two sections of the flask are put together 
and carefully closed in the fiask press. The fiask is then 
opened and the cloth removed, when it will be apparent 
where more rubber is required and the quantity. Should so 
large a quantity of rubber be required that it is questionable 
when a sufficiency has been added, a trial with the 1vet cloth 
ma:y again be made. When the mold is found to be full, the 
flask is closed ~without the cloth. (The cloth stripped from 
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the rubber and washed of its starch may be used, but silesia 
cut in pieces ;; by 3± inches is better and saves Yaluablc 
time. Should the cloth, for any reason, adhere to the rubber, 
saturate it with hot \Vater, when they may be easily parted.) 
Attention has been called (page 211) to the danger of warping 
the denture by improper placing of the rubber and heavy 
pressure in the press. Should the rubber in the mold become 
too cold, it may be carefully warmed by reflected heat under 
the sheet iron, or the rubber-packed flask may be put in 
water and boiled before the final compression in the press; 
however, the softening that takes place in the saturated 
plaster favors warping the denture. undoubtedly the "fit" 
of more artificial dentures is impaired by improper packing 
and closing the flask than by all other causes. The flask 
being closed is placed in a Donham clamp 102), either 
with or without the volute spring. 

Vulcanizing.--The method and philosophy of vulcanization 
have been discussed under the physical and chemical proper
tics of vulcanite, in this chapter. 

Resume.-If the ease has been properly flasked, packed, 
and clamped, the gas regulator should be set at :)20° F., 
for approximately i-\0 minutes. 

Study well the philosophy of vuleanization. 
Removing from the Vulcanizer.-It is always best to permit 

the vulcanizer to stand until it is cold before opening, but 
~when it is necessary to expedite matters the steam may be 
blown off, the vulcanizer opened, and the flask submerged 
in a pan of cold vvater. This last procedure would be con
demned by some, but owing to the poor conducting and 
radiating property of plaster, it is doubtful if this method of 
cooling ever accounts for fractured teeth. Hovvever, the 
effect upon the vulcanite is conjectural, not having been 
determined experimentally. 

Removing from the Flask.-TJnder no conditions, hovvever, 
should the flask be opened until the plaster in the centre of 
the flask is cooled, which will be some time after the flask 
is cold if placed in water. The flask is released ofits damp, 
held in the left hand, with the plaster knife in the right hand. 
The knife, guarded with the thumb so that onl.r a. quarter-
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or half-inch is exposed, is used as a wedge to part the sections 
of the flask. Csually the case will remain in the ring portion 
of the flask, and is removed by cutting a groove in the encas
ing plaster between the denture and ring. The plaster both 
on the inside and outside of the denture is grooved and 
removed in sections, thus avoiding the danger of fracturing 
the denture. The last portions of the plaster not easily 
removed with the knife are removed by sembbing with a 
stiH-bristle laboratorv brush and water. 

Finlshing.--The eci"ges of the denture as it comes from the 
flask are rough and irregular from the extension of excess 
vnleanite. This is removed with a rather coarse file speciall,y 

FIG. 154 

made for this \York (Fig. 11 ±). .~ seven- or eight-inch half
round file, having an o\·al and a flat side, a .coarse and a 
fine end, is a Ycrv desirable instrument. The cutting is 
done \'V'ith a push' stroke. .-\ round or rat-tail file is aJso 
very useful. For scraping the surfaces the ::\ o. 1 short
shank Kingsley scraper of the vVilson vulcanite finishers is 
used. The ::'\ o. ± instrument is useful for small places, and 
especially for removing defects on the maxillary and man
dibular surfaces. The chisel (::\o. 2 of this set) is for carving 
about the teeth, and the pick (::'\o. 3) is for working between 
the teeth (Fig. 115). These instruments should be kept 
very sharp by grinding and honing. The entire labial, 
buccal, and lingual surfaces of both upper and lower den-
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tl1res are gone oYer to remove excess material, give form, 
and to remove the roughness received from the plaster 
matrix. The file and scraper marks are remoYed with sand
paper. Xo.! for coarse paper and Xo. 00 for fine paper is cut 
into two and one-half inch squares, by placing the sand side 
down over a crevice and cutting with a knife. The sand
paper marks are removed with buffers and glossers (see pages 
229 to 231). The maxillary and mandibular surfaces require 
no finishing except to remove any excrescences formed as a 
result of air-bubbles in the surface of the cast. These are 
carefully removed with the small scraper. This surface 
may be more highly glossed by using the soft-brush ~wheel 
and whiting. The finish grinding (sec page 2:39) of the 
occlusal surface of the teeth is executed with small stones 
mounted on an engine mandrel and carried in the lathe chuck. 
The object sought is to deepen or reproduce the sulci and 
grooves, thus forming edges to cut the food in the process of 
mastication. The ground surfaces of the porcelain teeth 
me given their final finish with a piece of Xo. 00 sandpaper 
applied :with the ball of the thumb. The finishing of any 
mechanical work is an important item, and in artificial 
dentures is not only indicative of superior workmanship, 
but is necessarv for cleanliness and health of the tissues 
with which it '~ill be in contact. Fig. 154 illustrates the 
completed dentures. 

Inserting the Finished Dentures.--The fourth appointment 
with the patient is a very'important one. The dentures are 
inserted and the adaptation in eYery respect inspected. 
The dentures are wonted to their place by dosing the teeth 
and swallowing; this settles and withdraws the air from 
beneath them. If the dentures are evenly seated, so that 
pressure may be made upon any part without being dis
turbed when opening the mouth and by the ·ordinary moYe
ments of the lips and tongue, and do not cause pain, and 
the occlusion and antagonization are correct, the patient 
should be instructed how to use and cleanse them. The 
patient should be instructed to keep the dentures in night 
and day, only removing for cleansing, until they have 
become masters of the artificial substitutes, after which the 
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dentures should be removed at night, cleansed, and kept 
in a weak solution of boracic acid. The patient should be 
instructed that if the dentures cause pain, they ate not to 
be removed, but that the patient is to return to the office 
for attention. 

THE CONSTRUCTION OF EITHER AN UPPER OR 
LOWER DENTURE. 

The technic involved in the construction of either an 
upper or lower denture varies from that of both upper and 
lovver in a few of the processes. the technic for con
structing an upper denture to natural lower teeth is the same 
as constructing a lower denture to natural upper teeth, or 
vice ver8a, it is necessary to describe but one, as the descrip
tion of either would be the same as the other except in the 
use of the terms upper and lower, vvhich would be transposed. 
For convenience of description the imaginary patient has an 
edentulous upper jaw with a full complement of normally 
aligned lower teeth. 

The mouth is carefully examined and the conditions 
observed. A scheme is devised for taking the impression 
according to the indications, a suitable cast and the upper 
occlusion and contour model formed. The processes of con
struction are the same as described for the complete upper and 
lovver case up to forming the occlusal surface of the wax 
model. As in the former case, the occlusal surface of the 
anterior portion of the model must mark the length of the 
upper lip when at rest and 1·elaxed. The occlusal surface of 
the model as it extends backward must have at least three 
widely separated points of contact with the lower teeth. The 
patient is then exercised in the forward and backward or 
protrusion and retrusion movements of the mandible. The 
wax model is then removed from the mouth, cooled, and 
dried. With a roll of soft wax placed upon the occlusal 
surface of the model, it is returned to the mouth, and the 
mouth closed in the retruded position, biting the teeth 
through the soft to the hard wax. The wax model is removed 
from the mouth and a wax impression taken of the lower 
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teeth. The imprint of the lower teeth in the wax model 
will not suffice for the impression. The wax impression is 
taken by placing a roll of well-softened yellow wax in a 
warmed, suitable size, flat-floor lower tray. A good impres
sion should be obtained of the occlusal surfaces and at least 
one-half of the length of the teeth. The impression of the 
cervical half of the teeth is indifferent. The impression is 
f-illed ·with plaster or, better, Spcnce compound. ·when the 
plaster is hard set, the tray is removed by warming in the 
Bunsen flame and lifting it away from the wax. The wax 
will be somewhat softened in removing the tray, and may 
be further softened by passing through the flame. It is 
removed from the cast by turning the buccal and labial 
surfaces of the wax upward and inward to the lingual side, 
when it may be easily remo\·ed from the cast. The upper 
cast, wax-occlusion model, and lm\·er cast arc then assembled 
and mounted upon an occlusion frame or an antagonizor 
to be used as an occlusion frame. The student should be 
impressed with the fact that the casts so mounted are in no 
way to have their relationship changed without removing 
from the frame and remounting. It is hardly necessary to use 
a face bow in mounting a single case upon an antagonizor, 
as the occlusion is established, and, except in rare cases, it is 
not justif-iable to alter these natural teeth. Hovvever, the 
face bow may be used if desired, in the same manner as for 
the full upper and lower dentures. A case so mounted 
permits of opening or closing the bite; but this will not be 
necessary if proper attention was given to forming the wax 
model. Then, again, if the ease is mounted with the face 
bow, interfering cusps may be more easily detected. 

The teeth must be ground and set up so that the molars 
and bicuspids intercuspate and the six anterior teeth are 
free of contact. As it is a rare instance that a full upper 
denture will be required and the patient have a full set of 
normally aligned natural lower teeth, it becomes necessary 
to give special attention to the occlusion. The law of force 
and the law of the resultant of two or more forces must be 
taken into consideration, or the completed denture will be 
very deficient. The rule is to have the force or the resultant 



PARTIAL DKVTUHES ON VULC;1NITE BASI!J 28\l 

of two forces act at right angles to the normal occlusal 
plane. However, it is permissible and often desirable to 
have the line of force, acting upon a full upper artificial 
denture, slightly distal to the perpendicular. This is accom
plished by having a greater stress upon the mesial than upon 
the distal facets of the upper teeth. The teeth being properly 
occluded (leaving the antagonization to be attended to at 
the time of fitting in the denture), the construction is com
pleted the same as in the case previously described. 

PARTIAL DENTURES ON VULCANITE BASE, 

It is a truism that the difficulties of constructing arti
ficial dentures are in direct ratio to the number of teeth to be 
supplied. The technic of constructing a partial vulcanite 
denture for either javv is the simplest prosthetic procedure 
(howen.r, the fitting in or adjusting to the mouth is more 
difficult than any other vulcanite denture); either a full 
upper or lower is more complicated, v\'hile the complete 
upper and lower present the greatest problems of prosthesis. 

A perfect plaster impression (see Chapter II) should be 
obtained to inclose a little larger surface than the base
plate is designed to cover. Csually an occlusion cast of the 
opposite teeth is required; however, if there are no opposing 
teeth an occlusion cast will not be necessary. In some partial 
cases the two casts will lnve so many points of contact that 
they may be assembled \Yithout further aids. A quash-bite 
will suffice for some cases, while for others a well-constructed 
occlusion wax model may be a necessity. The case is placed 
in an occlusion frame, a wax base-plate formed, and teeth of 
color, form, and size to correspond with the remaining teeth 
in the mouth are selected. They may be ground to favor 
adjustment, also to obtain the required occlusion. It is rarely 
necessary or advisable to try a partial model artificial den
ture in the mouth. The wax-model plate being contoured, the 
cast containing it is removed from the occlusion frame. The 
rule for flasking full cases is: The separation of the two 
sections should be at the peripheral edge of the vYax-model 
plate. This rule applies to some partial cases. In these 

19 
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cases the plaster teeth should be cut down flush with the 
wax-model plate and the encasing plaster built up to the top 
of the stumps of the plaster teeth. These reinforced stumps 
must be so shaped that they will easily draw~ from the 
mortise they form in the upper section of the flask. There 
are many partial cases in which the porcelain and plaster 
teeth so alternate that it is better to encase the teeth in 
the first section of the flask It is obvious that the packing 
of such a case must be from the lingual aspect. Fig. 155 
illustrates an upper model denture without labial gum 
restoration. Fig. 156 is the case in the first section of the 
flask, and illustrates the method of flasking where plaster 
and porcelain teeth alternate. 

FIG. 155 

The tinfoil used to finish the maxillary or mandibular 
surface is applied before placing the base-plate wax, because 
it will be difficult to adapt the foil in the flask. The soap 
solution is applied after the >vax is removed, just prior to 
packing. Careful manipulation will be required in the 
various procedures not to disturb the finishing tin. The 
liquid-silex method is useful in many partial cases. 

Partial cases are vulcanized the same as full ones. 
Care should especially be exercised, in removing the case 
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from the flask, to haYe the plaster cold, and in the use of 
force. 

The finishing process consists of filing, sandpapering, 
buffing, and glossing, and are essentially the same as for 
full cases. 

Adapting the finished cases to the mouth is, as has been 
stated, a difficult and often a perplexing operation. It will 
frequently require careful study and manipulation, and often 
much trimming avvay of the base-plate as formed. However, 

FIG. 156 

this trimming must be judiciously performed, because a::; 
close an adaptation and as large a base of support as possible 
is imperative. Partial cases may require a high degree of 
mechanical ability, but complete dentures \vill require 
mechanical dexterity and esthetic sense. 

The retention of artificial dentures has not been mentioned 
in discussing the technic of vulcanite construction, for the 
subject is more comprehensible vYhen considered in the 
abstract. 
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REMOVING THE TEETH FROM A VULCANITE BASE
PLATE. 

Sheet-iron Method.-Place the denture, teeth downward, 
upon the sheet iron over a gas stove, and >vhen the vulcanite 
is thoroughly softened the teeth may be pushed oJ:Y one at 
a time by inserting the wax spatula between the tooth and 
the vulcanite upon the lingual side. The plate is held by a 
pair of pliers and the dislodged teeth are permitted to fall 
upon wood, or, better, upon cloth, but not upon cold iron 
or stone. Any portion of the vulcanite remaining about the 
pins should be removed. If necessary, these small portions 
of vulcanite may be softened by grasping the tooth in a 
pair of solder tweezers and holding in the Bunsen flame. 

Glycerin Method.---The denture is placed in a vessel of 
glycerin and heated to the boiling-point of the liquid, when 
the teeth can be removed as in the other method. The 
glycerin is soluble in water and easily removed. The fumes 
of the heated glycerin are more objectionable to some than 
those of the overheated rubber. 

Flame Method.---The denture is grasped with a pair of 
pliers and the outer surface of the teeth heated b,y passing 
repeatedly through the flame until the vulcanite is softened 
about the pins, when they are removed as before described. 

It is not advisable to remove the teeth b,y heat from a 
denture >vhieh is to be used again, because of the liability 
of warping the plate. In such cases the vulcanite should 
be cut from about the pins of the tooth with a burr in the 
engine, or with a chisel. 

REP AIRING VULCANITE DENTURES. 

The breaking of vulcanite dentures is usually due to over-· 
vulcanizing, by >vhich elasticity and toughness are destroyed; 
to improper arrangement of the molars, by which the strain 
of rnastication is thrown on the outside instead of on top 
of the ridge; or to a vvarped plate. The first evidence of 
the giving way of a piece is usually a fine crack appearing 
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behveen the two central incisors, and sometimes, in partial 
dentures, in the border surrounding a natural tooth. 

Wax Method.~A method particularly applicable to plates 
which are broken entirely in two consists in adjusting the 
two parts of the plate together, and fastening them in correct 
relation to each other temporarily by adhesive wax dropped 
on the lingual surface so that plaster can be run into the 
maxillary portion of the denture. As soon as the plaster 
hardens, the plate is removed from the cast, the line of 
division is enlarged ~with a file, and dovetails cut opposite 
each other with a je~weller's saw, as shown in Fig. 157. The 
dovetailed space is then filled with vmx, invested in the usual 
way in a :fias,l(, packed, and vulcanized. By another method 
the edges may be adjusted as before described, and the 
piece be placed immediately in the lower half of the flask. 
After the plaster has set, the adhesive wax is to be removed 
from the lingual side of the plate and a line cut with a round 
engine burr along the full extent of the crack, or break, half
\Yay through the plate and a quarter of an inch wide, with 
smooth regular edges, without dovetails. The case is then 
waxed up and the other half of the flask poured, vvhen the 
case is packed and vulcanized. If the parts have been kept 
perfectly clean, the union will be quite strong. 

Another modification/ which gives the best results, is 
this: After the cast is made, the portions of the plate are 
removed from the cast and with file and scraper a long bevel 
is cut, forming a thin, feathery edge along the fractured 
edge and sloping away from this for an eighth to a half .. 
inch as the case will permit (Fig. 158). The pieces are then 
filed to give a slight bevel upon the maxillary surface. The 
portions of the plate which have been cut away are replaced 
with wax, and if necessary the plate may be thickened over 
the portion having the freshly cut surface. It is unnecessary 
to coat the vulcanite surface with a solution of rubber, as 
the heat and pressure will make the union. Fig. 159 shows 
method of :fiasking. 

In this connection, attention is called to a class of repair 

1 The method preferred by the writer. 
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cases that perplex the novice; namely, those having an ex
tensive fracture upon both the lingual and buccal or labial 
surfaces. This difficulty in flasking ]s overcome by attaching 

FIG. 157 

FIG. 158 
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one or more shafts of wax, one-fourth inch in diameter, at 
suitable locations over the fracture upon the labial or buccal 
surface. The shaft of wax must be sufficiently long to 
extend through the investing plaster. vVhen the plaster has 
hardened, a portion of the wax shaft and the surrounding 
plaster is cut away to form a cone-shaped depression, which 
will be filled in with the plaster in the top section of the 
flask. These vYax shafts will form openings through ·which 

FIG. 159 

the rubber can be packed, and vvhich are to be filled with 
rubber. After Yulcanization the shaft of rubber may be 
remoYed ·with a mechanical saw. 

l''usible Metal Method.-To aYoid loss of strength by the 
second vulcanizing it is recommended that fusible metal, 
melting at 150° to 160° F., be used to fill the dovetailed space. 
This can be done by pouring the melted alloy into the space 
and packing it with a hot spatula, which is readily admissible 
owing to the lO\V fusing-point of the metal. \Vhile the 
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method has the advantage of not requiring a second vul
canizing, the union of the metal at the point of fracture is 
not as close as when rubber is used, and it cannot be said to 
be reliable as a means of repairing broken vulcanite plates. 

A single tooth may be fastened to the vulcanite by filing 
the dovetailed space as for repairing with rubber, the fusible 
metal to be put in place with a hot spatula; or the dovetail 
can be filled with amalgam. 

Ironing-in Methcd.-This method is suitable for replacing 
a tooth or tv;o, or filling a short crack or a hole. The vul
canite is cut with a file to give a dovetailed form to the 

Fw. 160.-Plate prepared for the addition of several teeth. 

space into which a tooth is to be added; and a crack or 
hole should be prepared for the new rubber with a scraper. 
The new rubber is ironed into place by using a hot wax 
spatula and firm pressure. 

Replacing Vulcanite Method.-Much the better v\·ay is to 
fasten the parts together, run a plaster cast into the denture, 
then make a bite of plaster to serve as a guide for the replace
ment of the teeth, remove the latter from the broken plate, 
reset them to the cast, wax up the piece, flask, and vulcanize. 
This affords practically a new ease, and the time consumed 
is not mueh greater than is required in repairing the old 
one. 
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Additions to Old Plates.--Additions of teeth to old plates 
are accomplished after practically the same methods. Fig. 
160 shows a case where six teeth lmYe been extracted, and 
the old plate is prepared for the addition of as many por
celain teeth, so that the denture could be worn until the 
resorption of the alYeoli and gums would admit of the 
construction of a permanent plate. The illustration shows 
the plate beYelled off to a smooth edge, and several holes 
drilled into the filed portion. The correct occlusion of the 
new teeth is obtained by placing the plate in the mouth 
after the bleeding ceases, placing tvvo pieces of softened wax 
along the alveolar ridge and plate, and directing the patient 
to bite into the -wax, and then gently pressing the 1vax while 
the teeth are in contact. This gives the correct relation of 
the lower to the upper teeth, and the impression of that 
portion of the alveolar ridge to be covered by the addition 
to the plate. The preparation of the plaster cast and bite 
is done in the usual way, plain teeth being ground to the 
gums to allovv for the rapid resorption which always follmo.·s 
the extraction of teeth. The waxing and flasking are done 
in the usual way. 



CHAPTER lliL 

PRIXCIPLES OF l1ETE0;TION OF ARTIFICIAL 
DENTUHES. 

THE retention of artificial dentures is purely mechanical, 
and is based upon the laws of physics. Indirectly, however, 
the personal equation is an important factor, in that the 
patient may not be able to control the of physics. 
These vexatious cases are often spoken of as awkward or 
clumsy, but such patients will eventually succeed in over
coming the difficulties, provided they have sufficient perse
verance. 

The physical laws that play a more or less important 
role in the retention of artificial dentures are atmospheric 
pressure, adhesion by contact, leverage, tensofriction, and 
cementation. These forces are not equal in value, nor can 
any one principle be depended upon for retaining a denture. 
There will be a primary selected to bear the burden, and one 
or more secondary forces evoked or unwittingly included. 
These secondary forces may be either positive or negatiYe. 
Thus atmospheric pressure may be selected as the primary 
retentive force, but adhesion by contact must be an asso
ciate retentive force, whether it be so designed or not, and 
eventually will entirely take the place of atmospheric 
pressure in any given case. The principle of leverage is 
always associated, through antagonization, with whatever 
may be the primary method selected. This force especially 
may be considered as positive when the arrangement of the 
teeth is such that it tends to force the denture more securely 
to place, and as negative when the arrangement is such that 
antagonization tends to loosen the denture. 

Atmospheric Pressure.-As is well known, atmospheric 
pressure is the weight of a column of air resting upon an 

( 298) 



ATMOSPHERIC PRESSURE 299 

object. The weight of a column of air at the sea leYel is 14.7 
pounds to the square inch, and decreases in ratio to the 
height above sea leveL As this pressure is equal in eYery 
direction upon and within the human body, it is not per
ceptible. Whenever a portion of this column of air is 
removed from a circumscribed portion of the body, its 
effect is immediately felt. ~o substance can be placed 
between the atmosphere and the surface, or a portion of 
the surface, of the body, and remove the pressure of the 
atmosphere from the body, as the intervening substance, 
being contiguous, v1ould be held against the surface of the 
body by the full ·weight of the column of air resting upon it. 
Thus we may justly conclude that an artificial denture per
fectly adjusted to the tissues of the mouth would be retained 
by the full weight of the column of air, or approximately 
fifteen pounds for each square inch of surface covered; also 
that a chamber cut in the maxillary surface of the plate 
would be a positive detriment, because it would be an air 
chamber equalizing the column of air upon the external 
surface of the plate to the extent of the air chamber. How
ever, there is a fatal obstacle to this imaginary retention of 
an artificial denture, for it is a physical impossibility to 
exclude the film of air between the soft tissues of the mouth 
and the hard base-plate except by substituting a fluid for 
the film of air. Bv the substitution of this fluid for the 
film of air the law 'of hydrostatics is introduced. The law 
of hydrostatics that a pressure placed upon a confined 
liquid is equal in every direction. Therefore a mechanically 
perfectly adapted artificial denture having a fluid contact 
cannot be retained by atmospheric pressure, because the 
intervening fluid equalizes, within and without, the atmos
pheric pressure. 

Atmospheric pressure may be 'Utilized to retain an artificial 
denture, but through the medium only of a vacuum chamber. 
Since an absolute vacuum is an impossibility, the amount 
of retention by atmospheric pressure is contingent upon 
the area of the chamber and the vacuity obtained. To 
produce any degree of vacuity it is necessary to have the 
plate surrounding the vacuum cavity perfectly adapted to 
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the soft tissues. The extent of exhaustion of the air from 
the chamber is governed by the power of the muscles of the 
tongue and the ability of the patient to apply them. The 
exhaustion is produced by forceful svvallowing. 

Hetention by atmospheric pressure can only be temporary, 
and maintained only so long as there is a partial vacuum. 
The effect of the vacuum chamber upon the tissues of the 
mouth is the same as cupping in medical practice. As soon 
as the atmospheric pressure is reduced upon a circum
scribed portion of the body, it acts as an excitant, causing an 
increased blood-pressure in the part with a temporary 
swelling, and if continued a proliferation of tissue cells 
producing a permanent growth until the chamber is filled. 
When the chamber is filled by tissue and the fluids of the 
mouth, atmospheric pressure can no longer exist; the denture 
is then retained only by adhesion py contact. While the 
term "suction plate" is not so euphonious as "atmospheric 
pressure plate," it more nearly expresses the truth ~without 
attempting an explanation of how the suction is secured. 

As the amount of retention of a vacuum chamber stands 
in direct ratio to its area, so its relative permanence and 
its injurious effects stand in direct ratio to its depth. 

Emergency Vacuum Chamber.-There is a form of vacuum 
chamber that may be called the emergency vacuum. It is 
invisible and exists only during an emergency. It is best 
illustrated with a full upper denture. It is also efficient in 
favorable full lower dentures. This emergency vacuum is 
conditioned upon areal co~1tact, peripheral adaptation and 
extension upon yieldable soft tissue. In full upper cases the 
essential extension is the entire length of the palatal border. 
This palatal border bearing upon yieldable tissue must be 
approximately one-fourth inch wide and may be much wider. 
If the labial and buccal flanges are sealed in by the lips and 
cheeks no air can be admitted at these borders, if the entire 
maxillary surface has moisture contact there is practically no 
air vvithin and if the palatal border is well adapted to and ex
tends sufficiently upon yieldable tissue to form the required 
Yalve the conditions are perfect to produce the emergency 
vacuum. There is now no vacuum but molecular attraction; 
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but if foree ic; applied in any manner, that is, downward, side
wa~·s or forward the plate will be drawn a\Yay (slightly) from 
a portion of the tensest tissue enclosed thereby producing a, 
relatiYel~· speaking, perfect Yacuum (14.7 pounds per square 
inch) oYer the entire surface from 'which the plate is dislodged. 
This suction will exist so long as the force is applied or until 
air cnn gain access to the ntcuum space. 

Adhesion by Contact.-'This retentive force is often confused 
with atmospheric pressure, whereas it is an entirely differ
ent principle. Atmospheric pressure retention is contingent 
upon a chamber which is more or less evacuated of air, while 
adhesion br contact is conditioned by uniform pressure 
and absolute contact. To comprehend this principle of 
retention, the molecular forces of attraction and repulsion 
must be appreciated. These tvm molecular forces, to a 
greater or less extent, exist 'Within and between all bodies. 
In solid matter attraction predominates OYer repulsion, 
'Whereas in liquids the two forces are equal, and in gaseous 
matter repulsion predominates oYer attraction. Attraction 
is always stronger behveen like atoms than between unlike 
atoms. (This last fact is beautifull~· illustrated in the 
low-fusing alloys composed of tin, lead, bismuth, and cad
mium. These metals range in fusing-point from 442° F., 
to 617° F., yet when they are properly combined they may 
fuse at 135° F., thus demonstrating that the molecules of 
these metals create a marked repulsion for each other, and 
that it takes but a low degree of heat to render attraction and 
repulsion equal, that is, for the metals to fuse to a liquid 
state.) When like atoms are brought into atomic relation 
to each other, they are said to be held together by cohesion; 
when the interatomie space is exceeded, they can only be 
held together by adhesion, either b~· mass attraction or an 
interYening adhesive substance. Thus, it is apparent that 
the expression "uniform pressure" and "absolute contact" 
are misnomers, because absolute contact is an impossibility; 
but when these terms are used, they signify the closest 
mechanical contact of the mass, and do not refer to the atom 
relationships. \Vhen masses of matter are brought into 
mechanical contact and are caused to adhere by a film of 
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non-adhesive fluid, it might be thought that the adhesion is 
due to the strength of the fluid; but this is not the case 
because the thinner the film the greater the adhesion. That 
this adhesion is not due to atmospheric pressure may be 
demonstrated by suspending two masses of matter adhering 
by contact in the chamber of an air-pump and exhausting the 
air, when the adhesion will remain the same or stronger than 
under normal atmospheric conditions. Therefore, through 
an understanding of these axioms regarding attraction and 
repulsion, \Ve can appreicate how artificial dentures are 
retained by the so-called adhesion by contact. 

Leverage.-In mechanics the lever is a rigid bar working 
upon a ph·ot. The pivot is called the fulcrum, and the bar is 
considered as two portions called arms, the one called the 
power arm and the other the work arm. There are three 
groups of these factors--fulcrum, power and arms-called 
classes. In the first class the fulcrum is between the power 
and the work, whereas in the second class the work is between 
the fulcrum and the power; in the third class the pmver 
is between the fulcrum and the \York. In the retention 
of artificial dentures the lever of the first class only need be 
considered and it is of great importance. This principle, 
of physics is involved in ever,y case of prosthetic restoration, 
either in its positive or negative sense, and too often in both. 
In complete artificial dentures the ah·eolar ridge constitutes 
the fulcrum, and the retention of the base-plate, by either 
atmospheric pressure or adhesion by contact, constitutes the 
power; the portion of the base-plate upon which these reten
tive forces exert their influence constitutes the power arm. 
The teeth form the work arm, and antagonization is the work. 
In partial artificial dentures the remaining natural teeth and 
roots may be the fulcrum or even fulcrums. 

The law governing the direction of energy should be taken 
into consideration. The law is; Energy moves in a straight 
line and at right angles to the surface from wh;ch the force 
emanates. Thus, in the line of energy there may be great 
resistance, while laterally there would be but slight resistance. 
(This is well illustrated by two moist plates of glass held 
together by adhesion by contact, vvhich will offer much 
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resistance to an effort to pull them directly apart, but only 
slight resistance to lateral pressure.) 

The anatomical relation of the mandible to the maxilla 
is a peculiar one, and offe:s many problems in physics. As 
resorption of the alveoh progresses, these adverse con
ditions become exaggerated. Therefore it follows that 
artificial substitutes should be inserted soon, that is within 
a few weeks-two to six-after the remoYal of the' natural 
teeth. As the resorption of the alveolar processes progresses, 
the summit of the alveolar ridge of the upper jaw recedes 
upward and inward, whereas the summit of the alveolar 
ridge of the mandible recedes downward and outvvard. 
Hence, if the artificial teeth are set in the position occupied 
bv the natural teeth, the problems in le1'erage become verv 
s~rious. It is apparent that if the upper teeth could b'~. 
arranged ·with their buccal suHaces just inside the summit 
of the alveolar ridge, it would be impossible to dislod()'e 
the base-plate by direct occlusion, no matter how hard ~r 
circumscribed the bolus of food; but it is not practical to so 
arrange the teeth; it .is dcsir~J:>le, from a mechanical point of 
Yiew, to approach thls condrtwn as nearly as the individual 
case will permit. r.f ~fter the alveoli have thoroughly 
receded the upper artrficr~l teeth are mounted upon the base
plate in their normal drstance from the raphe, the work 
arm of the lever is relatively much lengthened. Therefore, 
to overcome this untoward leverage the teeth arc drawn 
in toward the summit of the ridge. There is a limit to the 
inward dral'l'ing of the lingc:al surface of the teeth, for undue 
encroaching upon the dom~m of the tongue will ensue. That 
this work arm may be still further shortened, the artificial 
teeth buccolingually ar? made narrower than nor'llal. As 
the shortening of a radms shortens the circumference of a 
circle, it becomes necessary ~o ~elect artificial bicuspids and 
molars a little narrower meswdrstally than the natural teeth 
which they replace. ~his. is but one of the reasons for the 
reduced size of the grmdmg teeth. The other reason for 
reducing the size of tl~ese teeth has to do vvith their power, 
and should not be drscussed together with the principles 
of retention. It has already been stated that motion-



:30± IUJTBN'l'JON Of!' .:1RTIPICIAL DENTURB8 

force-mon~s at right angles to the surface from which the 
motion emanates, therefore the shaping of the facets of the 
occlusal surface of the bicuspids and molars is an important 
fact9r in the problem of leverage. 

CONDITIONS AFFECTING RETENTION OF FULL 
ARTIFICIAL DENTURES. 

There are four factors to be considered in the retention 
of base-plates: Size, that is, the amount of surface covered; 
soft tissues; fluids of the mouth; and the shape of the 
portion covered. 

FIG. 161 

Size.-In any given case the amount of retention~ by 
adhesion by contact is, like atmospheric pressure, according 
to the area of the surface (Fig. Hi 1). Hence, other things 
being equal, the larger the denture the better the retention. 

Soft Tissue.-:\o one factor has so much to do with re
tention of artificial dentures as the soft tissues. These 
may be divided into three classes-muscles and their attach-
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ments, submucous tissue, and the mucous membrane. As 
an axiom, it may be stated that a base-plate cannot rest 
upon a muscle ·which impinges upon or draws over the 
periphery of the plate, as the contractile power of the muscle 
is greater than the retentive force of adhesion by contact; 
but not of atmospheric pressure. The muscle attachments 
should always be observed in examining the mouth prior to 
taking the impression; then, in taking the impression, the 
muscles should be marked in the impression, so that the 
base-plate may secure a close adaptation about the muscle 
attachments, and yet not cause irritation thereby. As 
adhesion by contact is in the ratio to the surface covered, it is 
apparent that the base-plate should extend as far in every 
direction as the attachment of the muscles will permit, but 
not so far that the muscles when placed upon their greatest 
tension will impinge too heavily upon the periphery of the 
base-plate. This may give a Yery irregular outline, but the 
proper outlining of the periphery of the base-plate is one of 
the impor~ant operations in adapting artificial dentures. 
Beginning in the median line, the labial flange of the upper 
base-plate should be \Yell cut away for the labial frenum, then 
gradually ascend to the cuspid e~inence, where for cosmetic 
effects it must be as high as possible. After forming the out
line of the cuspid eminence, the border of the flange abruptly 
drops to accommodate the buccal frenum. The remainder 
of the border to the tuberosity must be kept as high as the 
attachment of the buccinator muscle vYill permit. In passing 
around the tuberosity, or its remains, there should be no 
sharp edge presenting, but a comparatively broad flat one, 
approximately one-fourth inch, to rest upon the soft tissues. 
After trimming the base-plate to what seems to be the proper 
outline, it should be tested by moistening the maxillary 
surface, placing it in the mouth, and instructing the patient 
to exhaust the air from between the base-plate and the soft 
tissues, upon which it rests, by firm pressure. The patient 
should then be requested to vigorously work the muscles of 
the lip [W:d cheeks, and see if in any way the base-plate may 
be dislodged. If so, the patient should again attach the base
plate, the operator grasping the lip and cheeks, one portion at 

20 
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a time, between the thumb and finger, and firmly extend the 
tissues outward and downward to detect any excessive muscle 
bearing, which should be relieved. The base-plate (of vul
canite or metal) is removed from the mouth, dried, and 
modelling compound penciled on the whole length of the 
palatal border, post-dammed, and, extended backward until 
the desired retention is secured. If it is demonstrated that 
a palatal addition is required it must be incorporated in the 
finished denture, by some feasible method. 

The lower base-plate is of the horseshoe or crescent shape, 
and necessarily covers much less surface than the upper one; 
but if the impression is properly taken and the periphery 
properly adjusted for the muscle attachments, the base
plate can be ·seated, and sometimes considerable adhesion 
obtained. Some writers would lead one to believe that all 
lower artificial dentures should have a deep lingual flange, 
vvhile other writers would have the lingual flange almost 
entirely removed. Both are partly correct, because some 
cases require the one treatment and other cases the other 
method. In those cases in which the crest of the alveolar 
process of the mandible is pronounced, and the attachment 
of the mylohyoid muscle is low upon the lingual wall, the 
lingual flange of the base-plate can and should be carried 
well down, for retention is according to the area of the 
surface, and the larger the base-plate the greater the resist
ance to the force of mastication; but if there is excessive 
resorption of the process, and the attachment of the mylo
hyoid is at or very near the crest of the slight ridge remain
ing, or if there is a sharp edge representing the union of the 
lingual plate of the mandible and the remains of the alveolar 
process, there should be almost no lingual flange to the 
base-plate. If in taking the impression the mylohyoid 
is compressed and depressed, the apparent space for a lin
gual flange will prove very delusive and troublesome: also, 
if the base-plate is carried over the sharp lingual edge often 
found upon the mandible, much irritation will be produced. 
In these cases the only means of success is to cut away 
the lingual flange, if one has been formed. In construct
ing the superstructure upon this properly fitted, short, lin-
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gual-flanged base-plate, an extra retention flange of one
sixteenth to three-sixteenths of an inch in width may be 
extended horizontally into the mouth, when the glands 'and 
folds of 'mucous membranes resting upon this enlarged base
plate will often be of much aid in retention. The buccal 
flange should be kept as broad as the muscle attachments 
will permit. The same tests applied to the upper base-plates 
should be used IYith the lower. 

Submucous Tissue.-In this class is included all the soft 
tissue of ·whatever histological formation-except the muscle 
tissue just considered-lying beneath the mucous membrane 
upon which the base-plate rests. \Yhen a moderate amount 
of soft tissue is evenly disposed beneath the mucous mem
brane, the Yer~· best condition possible so far as this ti~sue 
is concerned is presented. In some mouths the raphe of the 
maxilla IYill be found OYerdevelopcd and conred with a 
thin, tensely drawn mucous membrane, while upon either 
side there may be an area extending well toward the base of 
the alveolar process 1vith more or less submucous tissue, and 
a portion of the alYeolar ridge composed of soft, flabby tissue 
only. If an aged patient presenting such a mouth has not 
long since acquired the knack of wearing artificial dentures, 
the chances of his success are nr~· unfayorable. The treat
ment for such a case v10uld be to rclie1·e the pressure upon 
the v1hole length of the raphe, let the soft tissue in the Yault 
alone, and increase the pressure upon the soft portion of the 
alveolar ridge. A vacuum chamber in such a case, placed 
over a portion of the tense membrane in the highest portion 
of the Yault, would be a source of irritation and use
less. 

Mucous Membrane.-----'fhis membrane must bear the bur
den of supporting all complete artificial dentures, therefore 
an appreciation of its capabilities is an important factor to 
the prosthetist. In examining the mouth prior to taking 
the impression the condition of health of this tissue oYer 
,,·hid[ the base-plate is to be placed should be noted, and 
if necessary, the required attention giYen. There are two 
qualities of this membrane to be considered, tone and 
tension. 
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Tone.-The mucous membrane is much influenced by the 
health of the individual, and may be quite an index of the 
condition of the general system. The patient will learn that 
when the general system is vigorous and rested, the denture 
will have its maximum retention, but when the system is 
debilitated or relaxed from temporary exhaustion-tired---
the retention of the denture will be poor and troublesome. 
vVhen patients complain that their dentures are not "stick
ing up" as well as they did, it is well to investige the tone 
of the system and explain this principle. When the mucous 
membrane loses tone for any reason, the retention of the den·· 
ture will be correspondingly affected. When dissolution is 
about to take place, it may be noticed that artificial dentures 
cannot be retained at all. Because of this quality of tone 
other conditions being equal, the younger the patient the 
better the retention. Aged patients in a debilitated state of 
health and unacquainted with the use of artificial dentures 
should not be encouraged in having their mouths fitted to 
new dentures, for the tax upon their Yitality may be too 
great, and hasten their death. 

Tension.c--vVhen a surface upon vvhich a denture is to be 
worn is covered with a healthy mucous membrane, e\·enly 
underlaid with a medium amount of submucous tissue, and 
the tone is good, so far as the tissues are concerned, the 
Yery best conditions exist for retaining an artificial denture. 

vVhen the soft tissues covering the roof of the mouth are 
thin and tense, the case is much more difficult. In the former 
case the tissues will quickly conform to the hard base-plate, 
and if there has been a reasonablv skilful construction of the 
appliance, the retention will be ;atisfactory. In the latter 
case, with the most skilful construction, it will often require 
an hour or two before the mucous membrane conforms to the 
unyielding material of the base-plate. It is this class of cases 
that tempt the dentist to use velum vulcanite lining at the 
periphery of the base-plate, or to resort to the patent soft 
vulcanite retainers. As this condition of the mouth is the 
only logical one in \Yhich these retainers are permissible, 
little harm is done if they are neYer used where not indicated. 
In these cases of tense mucous tissue no sharp edges or 
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localized increased pressure by any means whatever can be 
tolerated. CmTing of the cast is contra-indicated. 

There arc rare~~very rare~cases in which the mucous 
membrane is extensivelv underlaid ·with soft tissue over the 
roof of the mouth, and deeply fissured. Such cases may justly 
be classed as unfavorable for retention. The cast of such a 
case may be carved with impunity. The object sought in 
carving is to cause the periphery of the plate to imbed itself 
more firmly, or to raise a bead just inside of the periphery. 
This temporarily creates a large vacuum chamber, but as 
soon as the raised portion becomes imbedded in the soft 
tissues, adhesion by contact is secured. In s~me cases th ~ 
bead acts as a barrier to the ingress of an excessive amount 
of :fluid. The treatment mentioned in this paragraph is so 
rarely indicated that the v1riter expects ne\·cr to use it again; 
but takes this means of expressing his disapproval of the 
common use made of it. 

l\Iany cases presenting ·will have areas of thin, tense 
tissue, and other areas of excessively soft tissue. The treat
ment for this class of cases has already been stated, that is, 
relieving of the pressure upon the tense tissue in the prox
imity of the raphe, to the extent of its entire length. This 
can usually be accomplished by the addition of one or two 
hl~·ers of :\ o. (j() tinfoil. The soft areas over any portion of 
the vault should not be changed, but an excessive!~· soft 
tissue upon the alveolar ridge should have a firm peripheral 
bearing extruding beyond it. llarely should any hard por
tion of the alveolar ridge be relieYed, and then only when 
Yery circumscribed. 

Fluids of the Mouth.-The normal thin ·watery fluid of the 
mouth is most favorable for retention b~· adhesion by con
tact. The fluid makes the contact, but does not hold the 
base-plate so far avmy as to interfere ·with the adhesion b;: 
contact. \Vhen the :fluids are Yitiated, thick, and ropy, 
they may haYe sticky properties, but not enough to com
pensate for the interference vYith adhesion by contact. 
Temporarily these Yitiated secretions can be remoYed from 
the mouth by thoroughly washing with an alkaline solution, 
then inserting the denture well moistened with cold water. 
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Shape.-The shape of the surface upon which an artificial 
denture is to rest has much to do with its retention. Side 
walls are useful to pre\"Cnt lateral motion; but a flat surface 
in the nwlt, or floor of the mouth, is essential for the best 
retention. ~ o matter whether the vault is high or low, or 
the ah"eolar process of the mandible is high or low: the reten~ 
tive surface is the horizontal area covered. A high, inverted, 
Y-shaped vault or prominent alveolar process of the mandible 
is especially unfavorable for suction. 

PRACTICAL APPLICATION OF THE PRINCIPLES 
OF RETENTION. 

The retention of full dentures may be said to be by four 
forces: two passivc~first, base-plate outline, and second, 
resistance to force (leverage)~and two active-first, molec~ 
ular (adhesion by contact), and second, atmospheric pressure. 

Base-plate Outline.--::\Iuch of the burden of the discussion 
in Chapter I is developing the anatomy of the mouth as a 
support for and retention of artificial dentures; therefore the 
chapter ma:-" again be read with this subject, "base-plate 
outline and retention," uppermost in mind. Figs. ();) and 
()-! illustrate outlines for a specific upper and lower case. 
lf the impressions are properly taken the landmarks are 
defined. 

Leverage.-Figs. lG:2 awl Hi:l illustrate the application 
of force through the teeth upon the base-plate. vVhere 
there are bvo facets, as in the bicuspids, the force may be 
applied from either facet, then the direction of the force will 
be at right angle to that surface; but if the force is applied 
to both surfaces, the direction of the force will be the resul
ant, and parallel with the long axis of the tooth or teeth. 
Eaeh specific ease should be ea1:efully studied, and these two 
factors, outline and leverage, should be so controlled that 
they aid in retention and not in dislodging the artificial 
dentures. These factors are classed as passive forces, because 
it is through them that active muscular force may cause 
destructiw motion. Fig. Hl~ illustrates a practical case 
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in which success was not attained until the tilted molar 
on each side of the mandible was cut clown and crowned. 

FIG. H\2 FIG. 163 

Molecular Attraction, or Adhesion by Contact.--Adhesion by 
contact is described by the catchy phrase, "uniform pressure 
and absolute contact," \Yhile in fact, neither statement is true. 
vVhat is meant is, that the base-plate is so adjusted that it 

FIG. 164 

resists force applied at any point within the base plane. In 
practice this means that the heaxiest bearing of the base-
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plate is at and near the periphery. Absolute contact means 
that there are no cavities made in the surface of the denture 
as suction chambers; but it does admit of and requires relief 
of inclosed hard places. These relief spaces undoubtedly 
do cause temporary suction, but this is incidental and not 
the object. The shape of these relief spaces are usually 
different from that of vacuum chambers. They cqnform to 
the shape of the hard portion to be relieved, IYhile the 
vacuum chamber is in miniature the outline of the alveolar 
process. The most commonly required relief is along the 

Fro. 1G5 

raphe of the maxilla (Fig. 165). This relief may be made 
by adding one or more thicknesses of number 60 S. S. W. 
tinfoil. This foil is 4t thousandths of an inch thick, hence 
the desired depth of the relief space may be obtained by 
additional layers of foil. The relief should be over the whole 
length of the hard portion, even though it extend from the 
crest of the alveolus to (and even through) the palatal border 
of the base-plate. However, the palatal border should be, 
if possible, one-fourth inch distal of the relief space. Fig. 166 
represents three layers of relief tin. The first, the smallest 
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one, is fastened to the plaster cast ,,·ith sandarac varnish, the 
second one in size is glued oYer the :first, and the third and 
largest is fastened in like manner. Any circumscribed hard
ness, as nodules, wherever located, should be relieved in the 
same manner as described for the raphe. Another method 
for relieYing the hard places is by compressing the soft places. 
This should be done by the manner in which the impression 
is taken which is discussed in Chapter II. In few cases is it 
advisable to carYe the impression or cast to produce this 
relief, as the amount removed cannot be correctly gauged, 
nor the original condition restored if desirable. 

FIG. 166 

Atmospheric Pressure.-Since its application to artificial 
dentures, in 1840, there has been and is much confusion of 
thought and expression oYer the theory and practice with 
this physical force. The student, after giving consideration 
to the truths stated in the preceding sections of this chapter, 
should have no difficulty in formulating a terse statement, for 
memory purposes, as: ;\Iolecular attraction, mass attraction, 
or adhesion by contact (used as synonymous terms) implies 
a mechamical contact; and atmospheric pressure implies a 
space with some degree of emptiness. 
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It is evident that the most advantageous position for a 
Yaemml chamber is about the gravity centre of the denture 
which has the least motion, and where the leverage is equal 
in every direction; provided a vacuum chamber is to be used. 
An air chamber in an artificial denture is always injurious 
to the tissues and often a positive obstruction to the best 
retention. 

Vacuum Chamber Indicated.~It may justly be said that 
a ·vacuum chamber is never indicated; but that its use is a,r1 
evidence that the dentist has not confidence in his ability to 
discard it. 

If a chamber is determined upon the following instruction 
may be useful: 
Edges.~The edges of relief spaces should be almost 

imperceptible, while the edges of a vacuum space should be 
at right angle to the contact surface. The depth of the 
vacuum cavity should vary from t14 to 1

1
6 of an inch. The 

thinner and tenser the tissue the shallower the chamber, and 
·mce versa,. 

Material.~Block tin or tin alloyed with lead is used to 
form the \·acuum chamber. Pure lead may be used, but it 
imparts a dark discoloration to the ndcanitc. The pattern 
metal found at the supply houses is tin with a small amount 
of lead. The material should be purchased in sheet form 
and cut for each case. As the metal is supplied in sheet 
form tr; of an inch thick, a small portion should be rolled 
to i:r of an inch and the larger portion to lr of an inch in 
thickness. All fanciful forms having sharp angles (as 
heart- or shield-shape) should be avoided because the~· are 
an unnecessary source of irritation. 

Attaching.~There are various ways of attaching the 
chamber forms to the cast, as a thin mix of oxyphosphate of 
zinc cement (best), sandarac varnish, very small tacks, or 
a short portion of pins. Fig. 167 shows a cast with a vacuum 
chamber form attached with pins. When the cast is to be 
coated with tinfoil the varnish and foil will suffice to hold 

· the chamber form. 
For Castings.~The methods described for forming relief 

spaces and vacuum chambers arc suitable for all methods of 
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base-plate formation excepting those by the casting method; 
for which, owing to the high heat required, these methods 
cannot be employed. For the casting method the relief 
spaces and \'acuum chamber may be proYidcd for by carYing 
from the impression, or, better, by adding to the surface of the 
cast a fine-grain investment compound. This addition is 
made by tracing, \Yith a pointed instrument or sharp-pointed 
lead-pencil, the outline of the desired addition, thoroughly 
saturating the surface to be added to with water, and painting 
on the material as a thin mix. A mixture of two parts, by 
measure, of wash silica, one part plaster of Paris, and water 
to make a thin cream is excellent. \Vhen the added material 
is nearly hard set it is caned and burnished into form. 

Fru. 1G7 

Other Forms of Vacuum Chambers.~The vacuum chamber 
thus far considered and commonlv used is known as the 
unilateral chamber; that is, it is ~me and extends equal!,\' 
on both sides of the median line. There are cases in which 
this form of chamber is not applicable, as deft-palate, deep
fissured palate, an inverted \' palate, also an overdeveloped 
raphe. Fig. 168 illustrates an onrdeveloped raphe. In 
such eases a bilateral chamber is indicated if any is to be 
used. A bilateral chamber consists of a complete chamber 
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upon each side of the median line. Fig. 1G9 is an illustration " 
of a case requiring such treatment. 

FrG. 168 

FIG. 16!) 

Soft Vulcanite.--The use of "velum rubber" (soft vul
canite) retainers is a questionable method. It is certainly 
unsanitary and rarely justifiable. There are t\Yo general 
plans for using Yelum rubber: (1) As a peripheral border 
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of the vacuum chamber, or the outer edge of the plate. 
(2) In the form of disks, either as a large central disk or as 
small disks distributed about the surface. The rationale of 
the first method is to provide a flexible rim that may be 
readily adapted to a thin, tense, mucous membrane. In such 
cases the method has the stamp of being scientific, but it 
is unscientific and has the stamp of ignorance to use the 
method when the tissues are excessively soft and stability 
is the result desired. The second method consists of attach
ing soft vulcanite disks to depressions in the maxillary or 
mandibular surface of the denture (Fig. 170). The rationale 

FrG. 170 

of this method is that the thin pliable disk, by the aid of 
moisture, easily conforms to a surface covered with thin and 
tense mucous tissue; then as traction is applied to the 
denture it draws the centre of the disk avYav from the tissue, 
thus forming a vacuum. It is obvious th~t such a denture 
is pendently seated, but that it will require much force to 
remoye it from the mouth. The mouths where such methods 
are indicated are rare, and to insert such unsanitary appli
ances when other methods, properly used, would meet the 
requirements is reprehensible. As velum rubber contains 
but two-fifths as much sulphur as hard vulcanizable rubber 
it is evident that the soft nlleanite is but two-fifths "cured ;'1 
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therefore it is easilv understood whv the material is so much 
less durable, swells: changes form, ~cquires an offensive odor, 
and requires renewal every few months. "Velum rubber" 
should never be used in the mouth except where the con
ditions cannot be met by other means, and then it should be 
renewed often. 

There are conditions of the lmver jaw that can be met with 
vellum rubber better than with any other material; howm·er, 
even in these extreme cases the material should be used 
only as a last resort, and then after the patients have had 
explained to them the nature of the material and the con
tinued expense. 

Conditions of the mandible indicating vclum rubber are 
excessive resorption ~with nodules and sharp ridges upon tbc 
surface of the bone, and soft tissues very thin and se,lsitive, 
especially to a sliding movement. 

The technic for constructing n hard vulcanite denture 
with n nlml'l vulcanite lining is peculiar to the material, 
but easily comprehended. . 

The Spence compound cast and ~wax occlusion model 
having been obtained, are mounted upon a :\evv Century 
Antagonizor. The wax-occlusion model is nmv laid away for 
future use. The surface of the mandibular cast should be 
freed of all wax and the surface rubbed with talcum powder. 
A piece of thin tinfoil is sn1oothly and perfectly adapted 
to this povvdered surface, upon which the denture is to rest, 
one thickness of pink base-plate ~wax, and over this a layer 
of heaYy (:\o. GO) tinfoil are conformed. This represents 
the portion to be replaced with velum rubber, and is called 
the base-plate; upon this foundation of tin and paraffin, 
or base-plate, a small roll of soft yellow wax is placed, in 
which a soft-iron wire is imbeddecl for rigidity. Upon this 
roll of vvax the teeth are mounted and occluded. This 
built-up trial denture is tried in the mouth and if satis
factory is returned to the antagonizor; the yellow-wax rim 
mounted with the teeth is thoroughly chilled and carefully 
removed from the base-plate. This teeth-mounted wax 
rim not being distorted, is flasked, packed with hard vulcan
izable rubber, and vulcanized. The hard vulcanite rim is 
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thoroughly polished, except the base surface, which is 
scraped and the edges filed to a slight bevel looking outward. 
This vulcanite rim is now returned to the antagonizor, 
occluded, and waxed to the paraffin tin base-plate. The 
entire labiobuccal and lingual surfaces are nicely covered 
with heavy tinfoil, even extending upon the porcelain teeth. 
(Hemember the original cast is upon the antagonizor and 
is to remain there.) The tin-covered denture is now flasked 
with French's Hegular Dental Plaster so that the separation 
is exactly at the periphery of the base-plate. The flask is 
opened and the base-plate removed. The cast upon which 
the velum rubber is to be vulcanized is now in the lower 
section of the flask and was formed from the mandibular 
surface of the tinned base-plate. If the tin was carefully 
formed upon the Spence compound cast and the first half 
of the flasking carefully done the new cast will be a perfect 
reproduction of the original. This is to be covered ·with 
thin tinfoil and soaped. The next step is a very important 
one. The exposed surface of vulcanite must be thoroughly 
cleaned of wax and dirt; flush away the wax with hot water, 
wipe dry, and rub well with a cloth saturated with chloroform. 
This surface is then covered vvith a hard vulcanizable rubber 
cement (bow-spring rubber dissolved in chloroform to the 
consi~tency of thick cream). The cement is evenly painted 
over the surface of vulcanite, and when the chloroform has 
nearly evaporated sufficient velum rubber (preferably black) 
is packed upon it to fill the mold. Vulcanize the same as 
hard rubber. When the case is taken from the flask and the 
tinfoil removed it is finished except the peripheral edges 
of the velum rubber. These edges are trimmed away with 
sharp scissors, seared with a hot iron, and the burned soft 
vulcanite removed with chloroform. In a few moments the 
chloroform will have evaporated and the case is finished; 
however, it is well to again gloss the hard vulcanite with a 
soft brush wheel and chalk. 

The antagonizor bows mounted with the original casts and 
wax-occlusion model arc filed awav for future use. 

When it becomes necessary t~ renew the velum rubber 
the bows mounted with the casts and occlusion model are 
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returned to the antagonizor, the velum rubber is cut away 
until a surface of hard vulcanite is obtained, a new tin 
and paraffin base-plate is formed, and the teeth upon the 
hard rim of rubber are occluded and attached to the base
plate. The remainder of the process is the same as con
structing the original velum lining. 

As all the strength of this denture is in the hard vulcanite 
it is v1cll to use a reinforcement. This is done by inserting 
a Ko. 12- to 16-guage wire of clasp gold or iridioplatinum. 
This is done when packing the hard vulcanite rubber. With 
the pins of the teeth imbedded in red rubber and the pink 
rubber facing in place, the wire stiffener, previously con
formed, is placed at the cervix of the teeth and the packing 
completed. 

The technic for applying the tinfoil is described in 
Chapter IX. 

FIG. 171 FIG. 172 

Speyer's Cohesion-surface Forms.-Speyer's "cohesion
surface forms" (cohesion improperly used) is heavy tinfoil, 
the surface of which is covered with minute papilliform 
prominences. The claim of strong adhesion due to the pecu
liar conformation is hardly tenable; however, they are deco
rative and are satisfying to the mind of some patients; 
nevertheless, the same thickness of plain tinfoil would produce 
the same physical results. Fig. 171 shows the material as it 
is procurable at the supply houses. It should be used only 
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upon the surface requiring relief. A half-sheet properly 
shaped is usually enough for one denture. Fig. 172 is a 
section of the "cohesion-surface forms" enlarged four times 
to better show its construction. These "cohesion-surface 
forms" ~were used in several of the dentures illustrated in 
this book. "Contraptions" for retaining artificial den
tures, as sometimes seen in supply houses, are not only 
injurious to the mouth, but often a detriment to retention. 
The denture is often strongly retained in spite of the appliance. 
The student should be able, with his knowledge of anatomy 
and the laws of physics, to detect the unscientific things. 

Conclusions.-Having made a somewhat extensive study 
of the principles of retention for full dentures, and their 
practical application, it is a pTOJJOs to make a critical analysis 
of the present-da~· technic methods. It is evident that: 

1. A centrally located vacuum chamber is very limited in 
retention power and permanence; also, it is injurious to the 
tissues. 

2. An area! contact denture, properly extended, has the 
greatest retention povver, is durable and not injurious to the 
soft tissues. 

:3. The principles of retention, also of cosmetics, must be 
considered in taking impressions. 

c1. ::\fodelling compound impressions are apt to and usually 
do form spaces in which there is not contact, therefore is 
deceptive and unreliable. 

;S. Plaster necessarily forms a real contact, therefore is the 
reliable and positive material for impressions. 

G. There is much misunderstanding of the anatomy and 
ph~·sics involved in impression taking. 

7. The purpose of an artificial denture is for efficiency in 
mastication, and cosmetics or restoration of the features. 
Therefore, an impression method that is intent upon the one 
and ignores the other is inefficient. The modern modelling 
compound method is designed for great retention power; 
but the material is deceptive in that it produces, in ordinary 
hands, temporary atmospheric spaces. The modern plaster 
impression method is the basis for creating the greatest 
possible retention, and also for restoring the features. 

21 
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8. The professional man should not be satisfied 1vith suc
tion that is based upon empirics; but he should be intent 
upon producing the best results. This latter category is the 
attribute of mentality, therefore professional and not em
pirical. 

"111vscLE Tm:vx:m~a" AND "CLOSED J\louTI-1" J\lETHODs. 

~On page 117 these methods were referred to as erroneous, 
that is, based upon mistaken ideas of anatomy and physics. 
Such a statement needs substantiation; without which it is 
unjust to the authors of the methods. 

":Vluscle trimming" is designed to accomplish two objects: 
(a) preventing the labial and buccal muscles dislodging the 
plate, and (b) preventing irritation of the soft tissue at the 
border of the base·-plate. The former is erroneous, but. the 
latter is in part true. 

In this discussion it is assumed that modern methods for 
impression taking, both plaster and modelling compound, as 
relating to retention of artificial dentures only are under 
consideration. 

The buccinator and muscles inserted into the lips are the 
ones involved. vVhatever is true of the buccinator dis
lodging the denture is also true of the other muscles. So 
far as this study is affected the origin and insertion of the 
buccinator is at the union of the alYeolar processes and the 
bodv of the maxilla and mandible. The buccinator is not 
a m~scle of much povver but sufficient for its normal function, 
that is, keeping the bolus of food between the teeth. When 
the mouth is closed it has no appreciable power unless the 
cheeks are distended with food or air. While the mouth is 
wide open the origin and insertion are far enough apart so 
that the contractile action of the muscle mav exert some 
power. This force cannot dislodge the upper denture for if 
it displaces the denture any appreciable distance (even one
ten-thousandth part of an inch) and there is suitable adapta
tion and extension of the palatal border of the base-plate a 
perfect vacuum is created and atmospheric pressure (of 
approximately fourteen pounds to the square inch) is pro
duced upon the entire surface affected. This is true also of 
the lmver denture provided the necessary conditions are 
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present to create a vacuum. There is povver enough in any 
or all of the muscles under consideration to reduce the flanges 
of the soft impression material to the extent of destroying all 
possibility of esthetic restorations. However, the "muscle 
trimming" depresses the peripheral border so much that 
there is little probability of irritation from the pressure of 
the border of the base-plate. 

The "closed mouth" method is still more destructive of 
esthetic restoration than the open mouth method, because 
the orbicularis oris including its bony attachments (the angle 
and frenal muscles) is more actively brought into action. 
The misconception of the dislodging action of the muscles 
upon the denture is just as true with this method as with the 
former. However, this method has demonstrated the action 
of the masseter upon artificial dentures. It demonstrates 
this action by its shearing effect upon the distobuccal angle 
of the upper and especially the lower modelling compound 
impression. This action of the masseter is only marked in a 
large development of the muscle. The student may study 
the action of this muscle by placing the index :f1nger in the 
mouth with the thumb externally grasping the muscle, 
occluding the teeth, and contracting and relaxing the muscle. 
This muscle action cannot dislodge the denture because the 
stronger the muscle acts the stronger the dentures are 
clamped in place. However, it may cause much irritation 
and necessitate the trimming of the base-plate at the location 
indicated. One should hardly need to use the closed mouth 
method for impressions, with its attendant evils, for the 
purpose of recording the action of the anterior border of the 
masseter muscle. Nevertheless the action of this muscle 
when obstructive must be accommodated. 

This condemnation of the "muscle trimming" method, 
as a rule of practise, necessitates a superior method. :!\o 
catchy expression can be substituted for "muscle trimming" 
for establishing the peripheral border of the impression 
(and denture), for a scientific method must be based upon 
an appreciation of the anatomy and physiology (physics) 
of the parts involved. .I'\ evertheless, the classification of 
requirements for retention, namely: (1) Areal contact, (2) 
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peripheral bearing, and (3) extension for retention, should 
be constantly in mind when determining the location of the 
peripheral border of the impression and base-plate. 

There are two extreme conditions of the alveolar process 
that must be considered in determining the periphery. The 
one is the full prominent process and the other is the exces
sively resorbed process. (These conditions arc diagrammed 
in Fig. 15.) Xecessarily all cases presenting are somewhere 
within the extremes and must be a modification of the extreme 
governing the specific case. As the one object of the impres
sion is construction of the denture, the peripheral border of 
the impression can hest be determined by considering the 
requirements for the flanges of the denture. In the first 
extreme condition (prominent process) the flanges of the 
denture should be as thin as possible and necessarily the 
extent is only to exclude air. In this extreme condition 
the base-plane, am! consequently, the peripheral bearing, is 

, at the crest of the alveolar process (Fig. liS). In the other 
extreme condition (excessively resorbed process) the flanges 
are most important . because they provide the peripheral 
bearing and restore the contour. Thus, it is evident there 
is value and necessity for the peripheral vvax additions for 
plaster impressions as elaborated in the chapter on Impres
sions. In this class of cases the bearing must be as near 
the muscle attachments as possible. Also the flange ma,y 
extend a short distance upon the muscle to act as a valve. 

Is the mental vision clear? Area! contact over the entire 
base-plane, peripheral bearing and extension for retention, 
with emphasis upon palatal extension. 

XoTICE.- The emphasis that has been placed upon 
extension for retention is apt to impress the novice that all 
full eases require this excessive extension; that is not true. 
The large majority of the cases presenting to the general 
practitioner are average in size, form, quantity and tone of 
soft tissues, and quantity and viscosity of the fluids of the 
mouth. Such cases are well retained 1vith much less surface 
of the mouth conrcd; ne\-erthcless, the larger the area of the 
base-plane, other factors---pro and con-being duly con
sidered, the greater the retention. 
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ImnTATION FROM ExTE::":SIOK.--:'\aturally a broad, flat 
surface cannot cut, that is irritate, as \Yill a knife edge; 
therefore emphasis has been placed upon having the 
palatal extension one-fourth inch wide, and that the soft 
tissues covered with this extension must be held firmly 
against its bone support throughout its entire length. This 
compressive action should be produced by the peripheral 
wax addition to the tray. Carving of the cast, in the esti
mation of the writer, is the most unsatisfactory and repre
hensible method ever invented for creating retention in 
artificial dentures. If a scientific impression has been taken, 
the results of carYing cannot be tolerated. The peripheral 
edge of the maxillary surface should be slightly rounded 
-never left angular. If irritation ensues, even after the 
most scrupulous and painstaking methods and technic, the 
student and young practitioner should not be discouraged. 
:'\or should he place too much credence upon the overenthu
siastic statements of some modelling compound hobbyists, in 
that the peripheral border of a denture made from a well
taken modelling compound impression should never be 
trimmed, but that attention should be given to some fault in 
the'' articulation" of the teeth. "\Vhoevcr expects a perfect 
piece to see, expects that which never \Yas, is, nor can be." 
'When the human mouth can be worked upon as positively 
as a block of wood, then dentistry will be taken from the 
category of the professions and will be only a skilful trade. 
These last remarks are designed to caution the sincere and 
troubled ones against discouragement which is often engen
dered by the careless and extrantgant expressions of some 
members of the profession. · 

NACBEA.--:"\ausea is sometimes associated with impression 
taking and inserting of artificial dentures. ::\ ausea is a · 
result of the action of the mind, therefore its treatment is 
through the mind-suggestion. The operator should remem
ber that a light tickling touch of the finger, impression or 
denture upon the palate is much more suggestiYe than a firm 
pressure. 2\Iany dentures have been ruined by cutting off 
the palatal border. Attention should be given rather to 
creating pressure of the border and often in extending it 
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backward. Tactful handling of the patient ·will overcome 
the worst cases. 

Figs. 17:) and 11'4 shmY two views of the peripheral border 
and palatal extension of a more than ordinarii:>· difficult case. 

FIG. 173 

In this case it 1vas essential that great retention and perfect 
enunciation should be obtained. The 1vax reenforced plaster 
impression, Spence plaster compound cast, vulcanite base
plate and double vulcanization were used. When the vul
canite base-plate ·was tried in the mouth it \Vas found 

FIG. 174 

that with several repeated efforts the base-plate could be 
loosened. This fault was corrected by penciling on modelling 
compound to extend the palatal border and post-damming 
nntil it was impossible for the patient to loosen it by any 
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muscle actiou whatever. The compound was replaced with 
yuJcanite at the second vulcanization. 

Fig. 175 shows casts made by filling finished denture for 
cases that were desirous of better retention than formerly 
possessed. The line indicates the extent of the former 
denture. 

Fra. 175 

The author advises the reader to return to page 79 and 
reread the description of the technic for full upper and lower 
impressions. Begin with "Notice" and keep constantly 
in mind, while rereading the summary, areal contact, per
ipheral bearing, and extension for retention. 

TENSOFRICTION. 

This term is used to cover all those methods where reten
. tion is obtained by contact, but the surface of the contact 
is too insignificant to constitute a factor. It includes all 
forms of clasps, remoYable plate-bridge attachments, spiral 
springs, and spring plates. It implies that retention is 
obtained by friction through tension. The simplest form 
of tensofriction is the spring clasp, in which the narrow 
strip of metal grips the tooth by friction through the tension 
in the metal. 

It is not releYant in this book to discuss that class of 
partial dentures known as "bridge-work;'' only to say that 
there is a large class of cases 'Nhere the best interests of the 
patient vvill be subsened >Yith a plate denture. In all cases 
the cosmetic effects of a plate are equal and in many places 
far superior to a bridge. 
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It is a good rule to consider that a natural tooth that is 
or can be made comfortable and useful to the patient is far 
more Yaluable than an artificial one. I-loweYcr, the con
ditions may be such that a remaining tooth or t\yo in the 
upper maxillre may be more of a detriment to the wearer of 
an artificial denture than their loss; but it is always a subject 
for serious thought. 

In a few cases the partial denture may be retained by 
atmospheric pressure, adhesion by contact, or by the spring 
plate; but usually the best results are obtained b;y the use 
of clasps. 

CLASPS. 

There is an unjust prejudice in the minds of some den
tists against the use of clasps. This is probably due to an 
improper knowledge of their advantages and disadvantages; 
also an insufficient knovvledge of the mechanical principles 
involved and their practical application. The advantages of 
the clasps may be summed up in the statement that there is 
no method by which a partial plate denture may be retained 
with so much comfort and usefulness to the patient as with 
clasps. This implies that the conditions are favorable and 
the method is properly applied. The disadvantages are that 
in some cases the method should not be used because the 
remaining teeth are not healthful nor favorably located and 
may be of improper conformation. The last condition must 
preclude clasps. The principal argument used by those who 
object to the use of clasps is that they cause disintegration 
of the teeth to which they are attached. The writer emphat
ically states that the cases in which this is necessarily so 
are very few indeed; but that most of these unfortunate 
occurrences are due to imperfect knowledge and manipu
lation of the dentist. It is awe-inspiring to see how some 
of these men who throw up their hands in holy horror at the 
idea of clasping a tooth will, in a few minutes, "disinte
grate" a sound tooth to the extent of removing the ,,~hole 
crown and pulp for the purpose of attaching a bridge. 
Some argue that a tooth should never be elapsed until it has 
been crowned. \Vhy not wait until the necessity arises, and 
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then fill or crown as may be necessary? " Consistency is a 
jewel." The question should be: How can a patient derive 
the greatest amount of service from a tooth? not, How can 
the tooth be preserved the greatest length of time'? A tooth 
is of value only as it is of service. 

Names.-There are ~nu·ious forms of clasps. A stay clasp 
is one that rests upon one side and perhaps two angles 
of a tooth, and is used as a bearing for a spring plate. A 
spring clasp is one that rests upon at least two sides and three 
angles of a tooth. Rigid clasps are clamping deYices that 
telescope specially constructed artificial crowns. A ferrule 
is a continuous band about the tooth. 

FIG. 17G 

Stay Clasps.-The stay clasp is represented in Yulcanitc 
vvork by the thickened edge of the spring plate. The name 
is especially applied to the short clasps used to stay metal 
plates. This means may be used to support a spring-plate 
denture carrying any or all of the six anterior teeth, proYiclecl 
the bicuspids and molars are of proper form and alignment. 
The one essential factor for retaining a denture by the 
spring-plate method is that the distance across the vault 
from the bicuspids upon one side to the bicuspids upon the 
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other side of the arch shall be greater at the gum margin 
than at some other portion of the crowns of the teeth. 
~When the remaining teeth have the conformation and 
alignment implied in the preceding statement, a plate of a 
"horseshoe" shape, having perfectly adapted thickened 
edges of vulcanite (Fig. 176), or metal stay clasps (Fig. 
177), may be sprung over the bulbous portion of the teeth. 
It \vill then rest in contact with the teeth, but without 
lateral pressure. It can only be removed by spnngmg 

FIG. 177 

the heels of the plate inward. Should one or more of the 
retaining teeth be tilted lingually it will interfere with this 
method of retention. Perfect adaptation to the cervical 
third of the lingual surface is essential, and cannot be ob
tained, or at least retained, if there is an excessive inclining 
of some of the teeth. 'J'here are cases where adaptation can 
be made to the middle third without contact with the 
cervical third. This method is especially advisable where 
the conditions are favorable and there are no spaces for 
spring clasps, or the spring clasp would be unsightly. 
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Spring Clasp.-Probably the principal reason for the 
condemnation, by so many dentists, of the spring clasp is 
a lack of appreciation of the physical laws underlying their 
use and construction, and the manipulative ability to prop
erly adjust them eyen after the principles involved are 
comprehended. Doubtless there is no place in dentistry 
where there is so Yaricd an application of the physical laws 
of leverage as in the retention of artificial dentures; both 
full and partial cases. 

FIG. 178 

'fhe Form of Tooth for is commonly 
called a bell-shaped tooth is the ideal form (Fig. 178). 
The greatest diameter of such teeth is from one-half to two
thirds the distance from the gum line, or gingiva, where there 
is recession of gum tissue, to the occlusal surface of the 
tooth. This being true, it follows that bicuspids and some 
of the molars only are suitable for clasps; and these must 
be of more or less pronounced nervous temperament 

Choice of •reeth for Clasps."-Conditions permitting, the 
first choice for a tooth to clasp is the second bicuspid, the 
second choice is the first molar, and the last choice is the 
first bicuspid. Any other placing of clasps is not ideal, 
and will he resorted to only because of necessity. Clasps 
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may be placed upon third molars and cuspids, or one of 
each; but they ~will be so placed because there is no other 
alternative. 

The Portion of the Circumference of the Tooth Clasped.~ 
The spring clasp should cover hvo sides and three angles of 
the tooth (Fig. 1 79), and be placed upon the distal and 
lingual surfaces of the bicuspids and the mesial and lingual 
surfaces of the molars. By this arrangement the clasps are 
placed at or near the centre of leYerage and as inconspic~ 
uously as possible. 

Fra. 179 

The Longitudinal Portion of Tooth Clasped.-The pressure 
must be upon the incline toward the cervix (Fig. 180, a). 
Should the excess of pressure be upon the incline toward 
the occlusal end of the tooth, the plate will be displaced 
(Fig. 180, b); therefore the clasp is placed oYer the middle 
third of the crmvn of the tooth. Often the tooth is not an 
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ideal one, and is so formed that it becomes necessary, if a 
clasp is to be used, to carry it to, or eYen belmv, the free 
margin of the gum. These are the eases ~wherein there is 
danger of disintegration of the clasped tooth. Some teeth 
thus clasped, that are of a Yery dense nature and not prone 
to decay, may become Yery sensitiYe, which can usually 
be overcome by applying silYer nitrate, 50 per cent. solution. 
Should the tooth belong to the class commonly called soft 
and chalky, and the secretion be in an abnormal condition, 
the;· may disintegrate Yer;· rapidly; the tooth should then 
be :filled or crowned, as may be indicated. It is not often we 
luwe all these untoward conditions; therefore the method 
should not be condemned because of these exceptional cases. 

(( 

I 
Fw. lSO 

\Vhere the teeth are of suitable length ami form, e\Til though 
the structure may be poor and the secretion Yitiated, if 
the clasps are proper!~- made, placed, and cleansed, there 
will be Yery little danger of decay. In all cases it is best 
to keep the clasps as far from the gum as the conditions will 
permit. 

Forms and Material for Clasps.-C'lasps are made of either 
round, Rat, or half-round clasp gold. A good formula for 
clasp gold is: Pure gold, twenty parts; pure copper, two 
parts; pure silYer and platinum, of each, one part. 

Round Clasps.--The round clasp should be made of 17- to 
20-gauge clasp gold >Yire, and may be used either as a single 
or double strand (Fig. 181). There are seYeral Yarieties of 
the round wire clasp that are Yery useful and admit of a wide 
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range of application. These forms are often known by the 
name of the man who introduced the special form to the 
attention of the profession. The Balkwill tee (Fig. 182, the 

Fw. lSl FIG. 182 

FIG. 183 Frc. 184 

FIG. 185 

Jackson-crib~a double tee~(Fig. 183) and the Roach loop 
(Fig. 184) are familiar and Yaluablc forms. The advantage 
claimed for the wire clasp is the slight contact with the 
tooth. 
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Flat Clasp.---The flat clasp is made of 26-gauge clasp 
gold, and from l 6 to t inch in width, usually about i to fs 
inch (Fig. . The advantages of the flat clasp are: (1) 
Its thinness~when necessary to pass between the natural 
teeth, the necessary space can be secured by slight wedging; 
(2) there is no form of clasp that is so universally applicable; 
(3) it gives great stability to the denture; and (4) it is not 
liable to be broken. The disadvantage is that the broad 
surface of tooth substance covered is favorable for decay, 
and necessitates the best judgment upon the part of the 
operator in placing the clasp, also care upon the part of 
the patient to keep it clean. 

FIG. 186 FIG. 187 

Half-round Clasps.·-The half-round clasp is made of half
round clasp gold wire and has the disadYantages of both 

'the round and fiat clasps vYithout their adYantages. The 
half-round wire is valuable in forming lugs, ::;tops and the 
stem to the tee cla::;p. 

Rigid Clasps.--These clasps may be made of fiat clasp metal 
or 18-carat gold plate; they are usually as broad as the 
length of the crown of the tooth will permit; they are of 
sufficient length to eoYer at least one side and two angles 
of the tooth, and the ends are either bent L-shape to slide 
over parallel longitudinal ridges or cleats upon gold crowns 
(Fig. 186) (Bryant method), or they are proYided with a 

. thick end adapted to parallel longitudinal grooves in pref
erably porcelain cro>vns (Fig. 187) (Swartz method). 
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Ferrules.-Ferrules are especially indicated where the 
natural teeth are remaining upon one side of the maxilla or 

mandible and absent on the other. The fer
rule is superior to the spring clasp for this 
class of cases because of its unyielding form 
(Fig. 188). \Vhere conditions are favorable, 
two or possibly three may be used to advan
tage. Sometimes extensions may be attached 
to the buccal surface of the ferrule to act 
as stay clasps upon the proximating teeth. 

FrG. 188 Should there not be sufficient space between 
the tooth to be ferruled and the proximating 

teeth to pass a 2G-gauge plate, it will be necessary to gain 
such space hy wedging with tape until such space is obtained, 
vvhen it will be maintained by the ferrule. 

PRINCIPI"ES INVOLVED IN RETENTION. 

There are two propositions to be considered: first, balanc
. ing the plate, and second, gripping the tooth or teeth. 

FIG. 189 

Balancing the Plate.-\Ve may consider each side of a 
partial plate as a lever, the tooth clasped as the fulcrum, 
and the plate extending either way from the clasp as the 
arms of the lever. Fig. 189 represents a partial upper of a 
horseshoe-shape carrying the six anterior teeth and the 
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vvings extending backward to the third molars. It is easily 
imagined what the result would be should an attempt be 
made to retain this denture by a single-strand wire clasp 
placed upon the third molars; also, should the wire clasps be 
replaced with broad, flat clasps accurately fitted to the 
slirface of the teeth. With the broad clasps, the anterior 
portion of the plate \vould be held in place for a time at 
least, but the long leverage and the weight of the porcelain 
teeth would place such a strain upon the third molars that 
thev would become Yerv sore and loosened in their sockets. 
If these clasps are replaced with single-strand wire clasps 

FIG. 190 

upon the second bicuspids, the plate will be securely held in 
place and with the minimum strain upon the clasped teeth, 
because the clasps are at the centre of leYerage. This demon
strates why it is necessary to extend the base-plate some 
distance back of the clasped teeth. This centre also explains 
why, if a clasp is placed upon a third molar upon one side, 
a clasp should be placed upon the first bicuspid, or even the 
cuspid, upon the other side of the arch. It is obvious that 
the best results are obtained when there is a tooth for clasp
ing upon each side of the mouth. While two teeth for 
clasping are most desirable, if the conditions for retaining 
a denture by adhesion by contact are very unfavorable, 11 

22 
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single bicuspid or molar may be of much assistance (Fig. 190); 
and on the mandible even a single cuspid should be utilized. 

Gripping the Tooth.-There are many cases of failure in 
clasp dentur,es due to carelessness or slight accidents in 
adjusting the clasps to the teeth. The clasps should be so 
adjusted to the teeth that there will be no lateral strain. 
Theoretically, when the mouth is at rest there should be no 
strain upon the clasped teeth, because the upper plate 
(even though a narrow rim) should have sufficient adhesion 
by contact to sustain its weight, and the lower plate is held 
in place by gravitation; hence the clasps are a reserve force 
for work. Fig. 191, a, represents a broad, flat-spring clasp 
improperly adjusted. The linguocervical edge of the clasp 

Fw. 191 

rests upon the tooth, while the linguo-occlusal edge is some
what distant from the tooth. \Vhen the arms of the clasp 
are bent inward so as to cause the clasp to grip the tooth, 
the linguo-occlusal edge will approach the tooth, and the 
base-plate, which represents the long arm of a lever, will be 
tilted away from the vault of the mouth, as shown by the 
dotted line. If the reverse of these conditions exists (Fig. 
191, b), that is, the linguo-occlusal edge rests upon the tooth, 
and the linguocervical edge stands away from the tooth, 
then when the spring of the arms draws the clasp firmly to 
the tooth, the plate will be held securely against the vault 
of the mouth; there will be, however, a lateral strain upon 
the tooth, tending· to move the apex of the root of the tooth 
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toward the ntult. If either of these imperfect conditions 
is to exist, it had better be the latter, because the denture 
will be held firmly in place, and in time the tooth will be 
adjusted to the existing conditions; although sore during the 
orthodontic process. 

Adaptation of the Clasps to the Tooth.-There are two 
methods of adapting clasps: (1) The clasp is formed by 
pliers to approximately a close adaptation, so that it will be 
uniformly supported yet not so close but that the fluids of 
the mouth can pass freely between the metal and tooth. 
(2) A piece of thin pure gold or platinum (36 gauge) is 
accurately fitted to the tooth; a strip of clasp metal is then 
adjusted as closely as possible with pliers to the burnished 
metal and the two united with wax; they are then sprung 
a-vYay from the tooth, inYested, and thoroughly soldered 
together. It is possible, with this perfect adaptation of the 
clasps to the tooth, the secretions being retained by capillary 
attraction, and not changed by the fluids circulating in the 
mouth, that disintegration ma:· be invited; but with proper 
cleansing and removing the denture at night almost no ill 
effects will present. 

Forming the Clasps with Fliers.-Clasp gold is very crys
talline, and when it is rolled from the ingot into plate the 
crystals are elongated into fibers. The metal is easily split 
between the fibers; across the fibers there is strength, 
f-lexibility, and elasticity, so for this reason the fibers should 
run lengthwise of the clasp, that is, around the tooth. Before 
forming the clasp the metal should be annealed by heating 
to a cherry-red heat and permitted to cool slovdy. 

PLIERS. 

Two pairs of pliers are required. One (we will call 1) 
with hawk~bill-shaped beaks, the under smaller than the 
over beak and oYal or round in its cross-section, while the 
over beak is flat on the under surface of its cross-section 
(Fig. 192). The other pair of pliers (No. 2) is the ordinal',\' 
clasp-forming variety, haYing a rounded and a concaye blade 
(Fig. 193). No. 1 pliers is for general utility, and with it 
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most of the shaping of the clasps is done. It gives the 
concavoconvex form to the cross-section of the clasp, and in 
connection with the fingers give the general outline of the 

FIG. 102 

FIG. 103 

FIG. 1\H Frc. 195 
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tooth. The 2 pliers is better adapted to bending the 
clasp to sharp angles, depressing a bulging portion or denting 
the edge of a dm-;p. 

Attaching the Clasp to the Plate.- ln gold \York the clasp 
is either soklcred to the plate (Fig. 195, a), or connected 
to the plate by means of one or two standards (Fig. 194, a 
and b). For Yuleanite \York a tang is soldered to the clasp 
(Figs. lSl and 185), after IYhieh the base-plate may be 
extended an~· distance to grip the tang. } ig. 185 shows 
union of clasp and tang. 

LOCATION OF ATTACHMENT UPON CLASP. 

The attachment to the clasp should be one-eighth to three
sixteenths of an inch wide, and should be placed as near the · 
middle of the long \Yay of the clasp as the setting of the teeth 
·will permit. By this arrangement a spring clasp vd!l not be 
emwerted into an unvYield~· stay clasp. Fig. 194, a, shm,·s 
the right way to form the attachments, while Fig. 191, b, 
illustrates a vnong vYay. 

FIG. 190 

Flasking.-Clasp dentures may be best Basked in the wide 
rim of the Star or \Yilson flask. Often a special Hask, as the 
\Yhitney 18A (Buffalo Dent. Mfg. Co.), is the most efficient. 

Fig. 196 illustrates the sections of the Whitney 18 and 
(Fig. 197) shuws the flask in use. 



342 RETENTION OF ARTIFICIAL DENTURES 

Conclusion.-(]asps properly conceived and formed are a 
blessing to both patient and prosthetist, but improperly 
used are vexatious to the dentist and a detriment to the 
victim. The retention of artif-icial dentures either partial or 
full is a profound subject for thought, and -worthy the best 
efforts of the prosthetist. 

Fw. 197 

CEMENTATION. 

This term is used to denote that an adhesive substance, 
as cement, is used as the means of retention for crmvns, 
bridges, and the so-called "alveolar dentures." Crowns and 
spanning bridges are clearly out of the scope of this book, 
while removable bridge-work is on the border line between 
bridge-work and plate-work. A spanning bridge with one 
or more saddle abutments is clearly a bridge. A saddle 
extending under the entire denture is but an extension of the 
saddle abutment, therefore there is no clear line of demar
cation between bridge-work and plate-\vork. However, a 
base-plate, of whatever material, depending upon telescoping 
crowns, bar and slot, tube and split pin, or a pin or ball 
with slit-tube attachments, are so intimately associated with 
crown-work that they may be justly classed as removable 
bridge-work. ~everthelcss the trend of the times is to a 
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gro~wing interest in partial plate dentures, and as there is not 
a very ~wide distinction made in practice between plate pros
thetics and crown prosthetics the writer is justified in men
tioning some of the crown and inlay attachments used as 
retainers for partial plate dentures. However, the student 
should consult his text-book on crown and bridge-work for 
instruction regarding the crowns of which the special attach
ments under consideration are a part, and the technic for 
their use. The writer does not wish to be understood as 
indorsing the following methods, for he does not make use of 
any of them, and believes that Hunter's expose of "Septic 
Dentistrv" and the teaching of the research workers of the 
professio;1 will eventually drive the greater part of the present 
crown and bridge methods from general practice; also that 
during the transition period to simple plate ~work he presumes 
that crown and inlay attachment may be quite in vogue with 
the profession. 

1t does seem that the locking devices must be at their 
"'enith for all three of the geometrical figures-square, triangle 
and circle--have been variously utilized. These attachments 
are all based upon the principle of the mortise and tenon, and, 
are held together by friction and hy inlocking. In some of 
the deYices the mortise is in the plate, aud others haYe it in 
the anchor tooth. Some of the inventions are rigid and 
unyielding, others have a limited amount of resiliency; there
fore the prosthetist desiring to make use of such expediency 
may choose from an imposing collection. 

The following illustration will serve as a study of some of 
the numerous devices on the market, and methods advocated. 
\Vhen studying any device the student should give careful 
attention to its effectiveness as a retainer; strength of all the 
parts involved, for the device may cause a weakened plate or 
anchorage; effect upon the health of the anchor tooth and 
adjacent tissues; and the septic conditions involved. 

The three cardinal principles desirable in any device or 
method are simplicity, durabilit;y and cleanliness. 

Fig. 198 shows the Condit paralleling appliance, which is 
the prototype of all paralleling appliances. It consists of 
two bars, one of which is slotted and is attached to the other 
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bar with a thumb cli:unping-scre1v. Each of these bars 
has, at one end, a right angle post which are necessarily 
parallel to each other. One of the posts is thread--cut, so as 
to be adjustable. These posts hold the split tube of the 
Condit stop-pin attachment parallel while adjusting to the 
crown supports of the removable plate-bridge. A third post 
is shown in the cut, -vvhich is a long-pointed thumb-screw to 
aid in supporting the jack while attaching the slit tubes. 
Any mechanician can construct this jack or adapt posts 
suitable for the various retaining devices. 

FIG. 198 

Fig. 199 shows the Condit stop-pin (enlarged) both united 
and separated. 

Fig. 200 shows the J\'Iorgan attachment: also a completed 
denture ready to slip into place. 

Fig;. 201 shows a jack used for paralleling the J\Iorgan 
attachments. This jack may be used for mounting any of 
the various attachments, provided suitable clutches are 
obtained for the specific de1·ice. 
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Fro. 199 

FIG. 200 

FIG. 201 
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FIG. 202 

FIG. 203 

FIG. 204 

FIG. 205 
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Fig. 202 shows the Gilmore clip, as used, and completed 
saddles. Saddles of this type should be joined to a similar 
one on the opposite side of the jaw, or, to an inlocking device 
at some distant point. 

Fig. 203 shO\vs the Gilmore clip enlarged. 
Fig. 204 shows the Roach ball and slit tube. Fig. 205 

illustrates its use in connection with a contact bar. This 
attachment is probably the most resilient and has the greatest 
scope for use and for cleansing of any of the marketed devices. 

Except to condemn, the atrocities perpetrated under the 
alluring name "alYeolar dentistry" are unworthy of con
sideration in any book. 



CHAPTER VIIL 

PORCELAIN TEETH. 

History.-The late Professor Essig states, in the chapter on 
Porcelain in the American Tea·t-book of Prosthetic Dentistry; 
that the history of the first use of mineral in place of animal 
substances for artificial teeth is 1vrapped in obscurity. One 
of the early recorded suggestions along this line is that of 
Guillemeau, in 1710, who proposed a paste compound of 
white wax, gum elemi, white mastic, coral, and pearl. Pierre 
Fauchard, in Le Ch·irurgien J)entiste, 1 the use 
of artificial enamel for this purpose. 

The idea of "hard mineral teeth" is to be attributed to 
:M. Duchateau, an apothecary of St. Germain-en-Laye, 
near Paris. He conceived the idea, in 1 of constructing a 
plate in porcelain, molding it after the form of his ivory one. 
J\L Duchateau took as an associate a dentist of Paris by the 
name of M. Dubois de Chemant. 1\I. de Chemant improved 
the porcelain, and in 1790 obtained a patent from Louis 
XVI for his process. Dubois Foucou, dentist to the king, 
became interested in de Chemant's work, made improvements 
in the material, and made public the first description of the 
method for making mineral teeth. In 180H Fonzi, another 
dentist of Paris, first made separate individual teeth, and 
also baked small pieces of platinum in them to serve as a 
means of attachment to the plate. 

De Chemant moved to London in 1791 and became asso
ciated with Cladius Ash, and for many years experimented 
in and manufactured porcelain teeth. 

Porcelain teeth were not introduced into America until 
about 1817. The first use of them of which we have knowl
edge was by A. A. Plantou, a Frenchman, vvho began the 
practice of dentistry in Philadelphia about that time. He 
commenced the manufacture of mineral teeth about 1820. 

( 348) 
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Charles \V. Peale, in and Samuel W. Stockton, in 
1825, >Yere the next after Plantou to manufacture porcelain 
teeth, and they were soon followed by many others. By the 
year 1838 mineral teeth were in general use. About this 
year Dr. Elias Wildman, of Philadelphia, succeeded in 
improving the material, so that it would stand the high heat 
of soldering, and the texture and life-like appearance to such 
an extent that it has been said that it remains unexcelled 
to the present da,y. To him has been accredited the honor of 
placing the manufacture of porcelain teeth on a scientific 
basis. 

COMPOSITION OF PORCELAIN. 

Definition.---Porcelain is divided into three classes, as 
hard, natural soft, and artificial soft. Dental porcelain 
belongs to the subdivision hard porcelain, and may be defined 
as: A solidified suspension of one or more unfused silicious 
substances in a fused silicate. Porcelain is high or low fusing, 
dependent upon the quality and quantity of the basic ingre
dient. The material commonly called glass is fused silicious 
salts; therefore all porcelains may be converted into glass 
by sufficient fusing. 

Materials.~ The materials entering into dental porcelain 
are feldspar, silica, kaolin or clay, alkalies, and pigments. 
The pigments used are made of titanium, cobalt, iron, tin, 
gold, and platinum. 

Feldspar.~This is generally spoken of as a double silicate 
of alumimun and potassium, and is represented by the 
formula Al20, K20, 6Si0z. The best feldspar is found in 
the neighborhood of Wilmington, DeL It presents a distinct 
cleayage, and when broken splits into plates of more or less 
magnitude. It is of an indefinite color, between yellow and 
pink, but when fused in the furnace it becomes transparent 
and colorless, and if not exposed to a too prolonged or an 
excessively high temperature it retains its original form 
IYithout rounding at the corners; this is one of the tests of 
good feldspar. There are several deposits of this mineral 
in eastern Pennsylvania, which, though beautiful and trans~ 
parent in appearance, have been found to be entirely unfit 
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for dental porcelain because of their opaque-white color 
when fused in the furnace. The preparation of the spar 
consists of selecting suitable rock (some of the spar from a 
good quarry will not answer for dental porcelain), breaking 
it into fragments with a steel hammer, and grinding it into 
powder in a Wedgewood mortar. The material is sifted 
at intervals through a No. 10 bolting-cloth sieve. The grind
ing should not be carried too far, or its translucency may be 
greatly lessened. 

Silica (Si02).-This material, sometimes called quartz, 
occurs in crystalline and amorphous forms; it is colorless, 
infusible at ordinary temperature, insoluble in water and 
all acids except hydrofluoric. The amorphous and gelatin
ous varieties are partially soluble in alkaline carbonates. 
but quite soluble in caustic alkalies. Silica combines with 
the bases to form silicates. 

The purest natural form of silica is the transparent and 
colorless variety of quartz kno>vn as rock crystal. vVithout 
transparency and crystalline structure, silica is met with in 
the form of chalcedony and carnelian, agate, eat's eye, onyx, 
opal, and other precious stones. Sand, of which the vYhite 
varieties are pure silica, appears to have been formed by the 
disintegration of silicious rock. The yellow and brown dis
coloration is due to the presence of oxide of iron. 

Silica is used for the purpose of giving stability and firm
ness to porcelain, and its infusibility stiffens and keeps the 
other materials in shape so that an object made of porcelain 
may preserve its molded form while exposed to the high tem
perature during the process of firing. For these reasons it is 
incorporated with feldspar and clay, and is looked upon as 
the "main prop in tooth body." 

The quartz is ~rushed and ground in a Wedgewood mortar 
until it \Vill pass through a :::\ o. 10 bolting-cloth sieve, when 
it is reduced, under water, to an impalpable powder. 

Kaolin.-Kaolin is the purest quality of clay freed from 
such impurities as sand and mica by careful washing. It 
is a hydrated silicate of alumina, and may be represented 
by the formula (2Ah03, :3Si02) + H20. It is formed by the 
long-continued action of air and water upon granite and 
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feldspar rock. The disintegration is probably due to both 
mechanical and chemical causes. 

Clay is infusible in an ordinary furnace when heated alone, 
but readily unites with feldspar at a high temperature. It 
is an element of strength in porcelain. 

German clay is imported from Europe and is probably the 
most infusible of the clays. 

Alkalies.-Both of the alkali metals potassium and sodium 
are used as fluxing material. Potassium is an essential 
element of porcelain. Sodium could not be substituted for 
potassium because of the green ti11t it imparts to the product; 
but in conjunction with potassium it is a Yaluable addition, 
because it increases the fusibility without increasing the 
amount of alkali. The potassium and sodium salts are all 
soluble in water. It is evident that this property in artificial 
teeth is undesirahJe, but concomitant with the lo>Yering 
of the fusing-point of the porcelain. Therefore it is logical 
to conclude that the higher the fusion of the porcelain the 
less soluble, and the luwer the fusion the more soluble. 
In other ~words, the high-fusing porcelains are practically 
insoluble, whereas the low-fusing are liable to etch and dis
integrate in the fluids of the mouth. Undoubtedly the 
modern mak~es of artificial teeth are sufficiently high fusing 
to be insoluble in the mouth; but the porcelains placed 
upon the market for the dentist's use in constructing bridges, 
crowns, and inlays, excepting the highest fusing ones, are 
dangerously near the etching point. Material has been 
placed upon the market so loaded with flux (alkali) that 
they soon prove to be unstable. In using low-fusing porce
lain, to be placed in the mouth, this property of solubility 
(etching) must be taken into account; as low fusion can only 
be produced by adding flux (however, excessive pulverizing 
lmvers the fusing-point, also injures the texture), and the 
more flux the more soluble. 

It is interesting to study the four essential elements 
entering into porcelain-oxygen, silicon, potassium, and 
aluminum; one gas and three solids; two non-metals and 
two metals. Of the three solids, silicon melts at 1500° F., 
potassium at 144.5° F., and aluminum at 1200° F. Oxygen is 
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the most abundant and silicon second most abundant ele
ment, while aluminum is the most abundant metal. Silicon 
combined with oxygen (silica) is almost infusible and in
soluble, and there is almost no expansion or contraction 
by heat. Aluminum combined with oxygen (alumina) is 
highly refractory and non-changeable. Potassium combined 
with oxygen forms potassa; it fuses at a low temperature, 
and is very soluble in water. Silica combined with alumina 
forms kaolin (clay), is refractory, easily hydrated, and 
contracts in heating. Silica and alum,~na combined with 
potassa form feldspar, which material· forms the largest 
portion of artificial teeth. 

Pigment.-The pigmentary ;substances, titanium, cobalt, 
iron, and tin, are used in the form of oxide; gold is used both 
as an oxide and in the metallic · and platinum as a fine 
precipitate-platinum sponge. 

Titanium oxide is the only pigment used in the "body 
porcelain." It gives the creamy yellow color of the dentine. 
It is also used for the yellow color of enameL 

Cobalt oxide produces the blue tints of enameL 
Iron oxide is used for certain gray tints. 
Tin oxide is used only in combination with gold oxide as 

purple of Cassius to produce the pink gum color. 
Gold is used in the metallic state for reddish-brown tints 

in enamels. 
Platinum sponge produces gray tints. 

THE PROCESS OF MANUFACTURE. 

The process of manufacturing artificial teeth consists of 
(1) preparing the stock material, (2) molding, and (3) firing. 

Stock MateriaL-The stock material is first worked up 
into four forms, as body, frit, flux, and enamel. 

Body.-The body represents the dentin of the natural 
teeth. It is the highest fusing portion of the porcelain. It 
is composed of feldspar, silica, kaolin, and titanium oxide, 

. with a small amount of starch to make the material plastic 
for molding. 

Each manufacturer has his secret formula>, hut the fol-
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lowing formula giYes an idea of the proportions of the 
ingredients: Kaolin, 1 ounce; silica, 3 ounces; feldspar, 18 
ounces; titanium oxide, 65 grains; starch, 10 grains to each 
ounce. 

Frits.---The frits are the colors prepared for the enamels. 
They consist of the pigment substance mixed with feldspar 
and flux ground exceedingly fine, fused into a glass and 
reground for use. A typical formula would be: Platinum 
sponge, 1 pennyweight; feldspar, 1 ounce; flux, 20 grains. 

Flux.~l:sed to lower the fusing-point of enamels and 
porcelains. A good formula is: Silica, 1 2 ounces; glass of 
borax (sodium borate), :3 ounces; potassium carbonate, 
3 ounces. 
Enamels.~Enamels are eomposed of feldspar to which 

has been added a sufficient quantity of frit and flux. A 
typical formula for enamel is: Feldspar, 1 ounce; gold frit, 
6 grains; platinum frit, 4 grains; Hux, 20 grains. 

Molding.~Artificial teeth are made in brass molds. As 
porcelain shrinks in firing, the desired tooth is first carYed 
in plaster in enlarged form. From these enlarged forms brass 
molds are produced. Figs. 206, 201', 208, and 209 illustrate 
the molds used for two sets of fourteen upper teeth. The 
molds are made double for conYenience in keying the parts 
together. 

The brass molds are oiled and the platinum pins placed 
the little holes on the pin side of the molds. The point 

enamel is then put in the face side of the mold and arranged 
with a small spatula to the full thickness at the point and 
tapered _dmm sparingly toward the neck A thin coat of 
point enamel is placed on the lingual side of the front teeth 
and on the masticating surfaces of the bicuspids and molars. 
Some makers of teeth use but one enamel; instead of apply
ing a ~,ellow neck enamel, they allow the body to show at 
the neck of the tooth; this is probably done to saYe time and 
labor, but it does not afford the best results as to translucencv 
and natural appearance. " 

The body is applied in small pieces slightly in excess of 
the quantity needed for each tooth. These are picked up 
with a small spatula, formed into balls, and laid on the pins 

23 
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FIG. 206 

FIG. 207 

:Vra, 208 
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in the pin side of the mold. The two sides of the mold are 
then placed together and heaYily pressed. The mold is then 
removed from the press, put in an iron clamp, and secured 
firmly together; it is then heated on a stove until the mold 
becomes hissing hot, after ·which it is removed and allowed 
to cool sufficiently to handle. The mold is then opened and 
the teeth dislodged and remond by striking the mold with 
a wooden mallet. If the heating has been carried to the 
proper point, the teeth will be hard enough, through the 
agenc~· of the starch in the formula, to admit of trimming. 
This is done with fine files. 

FIG. 209 

Burning .~In manufacturing on a large scale the blocks 
are arranged in complete sets on a fire-day slide covered 
·with coarse quartz. These slides are 6~ inches in width by 
9~ inches long; they haYe raised edges to retain the quartz, 
which serYes as a bed for the teeth. 

The furnaces used b~· the large manufacturers haYe a 
capacity of three or four hundred sets per day for each fur
nace. The furnace has a heating o\·en oYer the muffle. 
The muffle is constructed of the best fire-cla~·, 27 inches 
long, 8 inches \Yide, 5-! inches high, and 1± inches thick. 



356 PORCELAIN 'l'EETH 

The muffle must be thoroughly swab~ed with clay, mixed 
thin with water, to fill up all cracks or defects through which 
the gases from the fuel might enter the muffle. Such acci
dents are of frequent occurrence in burning, and are always 
ruinous to the teeth, the ga:s generally imparting to them a 
ghastly blue appearance. The furnace ha:s a flue at the top 
connected with a smokestack, and is heated with oiL 

The slide containing the teeth is placed in the heating 
oven at the top of the furnace before burning; this pre
liminary heating prepares them for the higher temperature 
of the muffle. The length of time required for burning the 
teeth varies with the heat of the muffle. About fifteen 
minutes is usually required. A_ too rapid heat tends to 
burn out or vaporize the color of the enamels. The proper 
glazing of the teeth is ascertained by placing under a gas 
jet. \Yhen the burning is satisfactorily accomplished they 
are put in the cooling muffle, protected from air drafts, and 
left undisturbed until quite cold. 

CI,ASSIFICATION OF PORCELAIN TEETH. 

Porcelain teeth may be divided into two general classes, 
namely, plain and gum teeth. In the former the crown of 
the tooth, and sometimes a protion of the root, is represented, 
whereas in the latter class the labial and buccal gum is 
added to the crmvn. The base upon >Yhich they arc to be 
mounted and the means of attachment to the base further 
di ,·ides them into classes as follows: 

Plain 'l'eeth 

Gum Teeth 

Vulcanite teeth (Fig. 210). 
Pinless~clia.toric and vulcolox teeth (Fig. 211). 
Plate teeth (metal work) (Figs. 212,213, 214). 
Continuous gum teeth (Fig. 215). 

Gum section teeth (for vulcanite) (Figs. 220 
to 22:3). 

Single gum teeth (for metal work) (Figs. 22,1 
and 
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Teeth to Base.--The means by which the por
celain teeth are attached to the base-plate upon which 
they are mounted is usually two platinum pins, the headed 
ends of which are imbeclded in the substance of the teeth 
and firmly fixed in it when the porcelain is baked. Platinum 
and porcelain ha Ye very nearly the same coefficient of expan-

Fra. 210 

sion, so that in a similar range of temperature they approxi
mately expand and contract alike, and there is small danger 
of a cracking of the tooth or a loosening of the pin. It must 
be remembered, however, that the capacity for absorbing 
heat differs greatly \Yith the tlvo substances, platinum having 
a much higher specific heat, \Yhich fact, coupled with 
greater conductivit;r, makes it necessary that a greater 

Fra. 211 

amount of heat should be applied to the porcelain when 
teeth are subjected to high heat. The platinum does not 
fuse at the high temperature necessary to the baking of the 
body of the tooth, and its non-oxidizable surface makes it 
possible for the porcelain to adhere to it with considerable 
tenacity. One manufacturer alloys iridium in small amount 
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with the platinum to give the pins greater rigidity and 
tensile strength. 

The great -cost of platinum has been responsible for nmn~
attcmpts either to substitute other and less expensin~ metals 

FIG. 212 FIG. 213 

for it, or to reduce the amount of metal used for the attach
ment in the tooth, or to dispense with the pins altogether. 
The less expensiYe metal usually employed is nickel or some 
of its alloys, but as these readily oxidize during the baking, 

FIG. 214 

the intimacy of the union between pin and tooth cannot be 
so dose as where platinum is used. The discoloration of 
the tooth from the dissolved oxides of the pins is frequently 
sufficient in amount to be objectionable, and the low-fusing 

FIG. 215 

body which is necessary with teeth if this sort is not so strong 
as that which may be baked on platinum pins. The attach
ment of pins of base metal to platinum anchorage baked in 
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the tooth by soldering the pin to the anchorage is an ingenious 
method adopted by one manufacturer to reduce the amount 
of platinum (Fig. 216). The anchorage is in the form of a 
tube imbedded in the porcelain, the inner end of which is 
expanded into a flange which is for firm retention. The 
pins of alloy are made to fit the tubes and are soldered to 
them with high-grade solder, and tests seem to have 
proved that the teeth are strong enough for satisfactory 
service. 

The construction of teeth whose attachment is by means 
of an undercut recess in the tooth filled with the plastic base 
upon which they are mounted is another attempt to reduce 

FIG. 216.-a, base metal pin; b, platinum anchorage; c, expanded end of 
same. 

the cost of production by doing away with the platinum 
entirely. They are called "pinless," "vulcolox" and "dia
toric teeth." The mechanical difficulties in the construc
tion of a tooth of this type, until recently, which shall be 
sufficiently strong, have limited their use practically to the 
bicuspids and molars, in which positions under favorable 
conditions they are eminently satisfactory. 

Forms.-The forms of porcelain teeth are determined by 
three factors. The most important of these is the anatomical 
characteristics of the teeth they are to substitute. As onl,y 
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the crown is represented, the labial or buccal surfaces, the 
morsal surfaces, and such portions of the approximal surfaces 
as are presented to viev\', are patterned after the natural 
teeth. Teeth quite satisfactory in this respect are manu
factnred today, although the market contains many made 
according to old designs which are poor imitations of the 
natural organs. The form of the incisors and cuspids is in 
general much better than that of the molars and bicuspids, 
the occlusal surfaces of many of which are too narrow for 
the best masticatory results, the cusps are too poorly defined, 
and no attempt is made to have those of opposing sets fit 
together. 

The shape of the other portions of the teeth is determined 
by considerations relative to their attachment to the base 
upon which they are mounted, and by the mechanical 
requirements which the shape and relation of the 
impose. Teeth for rubber and celluloid work are similar 
in design. When the latter came into use the artistic pos
sibilities of the new material created a demand for more 
natural forms in teeth, and so-called "celluloid" teeth were 
designed to meet it. Teeth of this form may also be used 
with a cast-metal base, but they are all designated rubber 
teeth. 

Plain rubber teeth are provided with two-headed pins to 
secure their attachment to the vulcanite. In the incisors and 
cuspids there is the so-called "pin-guard" situated between 
the pins and the morsal edge to afford a shoulder to which 
the vulcanite may be finished. The "ridge lap" (Figs. 217, 
218 and 219) is that portion of the tooth which comes into 
relation with the alveolar ridge, and may be long or short 
in accordance with the requirment of the case. The "bite," 
or "overbite," as applied to incisors and cuspids, is that 
portion of the tooth intervening between the pin guard and 
the morsal edge. The "shut of the jaws" refers to the dis
tance between the jaws when the mandible is in the proper 
position for the occlusion of the artificial teeth. Thus, where 
the distance is marked we have a "long shut," which demands 
the use of a tooth that will fill in the space, and hence is 
]mown as a long-shut tooth. A long-bite tooth would fill 
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in the space, but it would throw too much strain upon 
the pins to remove them so far from the point of stress. 
The bite, shut, and ridge lap, it will be seen, are all cor~ 
related. 

Countersunk pin teeth were introduced about 1885. 
Their lingual surface corresponds in shape to that of the 
natural teeth, the attachment to the molded base being 
by means of pins located in a depression in their base. Their 
close conformity in contour to the natural organs makes 

Fw. 21'1 FIG. 218 FIG. 219 

them more acceptable to the tongue than teeth backed in 
the ordinary \Vay, and renders articulation easier and more 
distinct. 

Inasmuch as they must be mounted almost over the 
alveolar ridge, they cannot be used in cases with a short 
shut. 

For a vulcanite base the case should be flasked in the 
usual \Vay, but in packing each countersink should be care
fully filled with small pieces of rubber to insure the rubber 
being thoroughly forced into the countersink and around 
the pins. 

Plain plate teeth are designed for use on a metal plate 
or in crown-and-bridge work. The incisors and cuspids, 
in either instance, are similar in form, but those for use in 
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the bicuspid and molar region for crown-and-bridge work 
represent only the buccal surface of the tooth, and nre some
times known as "n:neers.'' 

FIG. 220 

Continuous-gum teeth are illustrated in Fig. 210. It 
vvill be seen that they have only one long pin, and that the 
buccal and labial portions of their roots are represented in 

Fro. 221 Fro. 222 Fro. 223 

porcelain. This contributes to the firmness of their attach
ment to the base, the porcelain body fusing upon the roots 
and uniting them to the plate. It also maintains the con-

Fro. 224, Fro. 225 

tours of these regions by reducing the amount of porcelain 
body to be baked, and hence the shrinkage in this locality. 
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Gum Teeth.--Gum teeth are made for metal plates and 
for the plastic bases, those for the former being at this time 
made on!~· as single teeth, \Yhile those for the latter are 
usually in sections of two or more teeth and designated 
''gum section" or "block" teeth (Figs. 220 to 22:)). The 
use of gum teeth is limited to those eases in ~which resorption 
of the alveolar process has taken place to such an extent as 
to demand considerable restoration by means of the denture. 
\Vith the exception of that found in continuous-gum dentures 
the porcelain of gum teeth provides the best imitation of 
the natural tissues that has been obtained, but the fixedness 
of the relation between the teeth in the section, and the 
difficult~· of joining, particularly of the single gum teeth, are 
drawbacks which this does not overbalance. The artistic 
possibilities in arrangement which plain teeth offer have 
caused them to come into general use, and in most eases they 
are to be preferred. It must be remembered, however, that 
in some full dentures, and many partial ones, gum teeth may 
be used to great adYantage. They are made in a variety of 
forms and offer a wide selection. 

IMPROVEMENTS IN TOOTH FORMS. 

In 1907 Dr. J. Leon V\'illiams, of London, England, 
started a eompaign in the dental journals for better tooth 
forms. The results are being seen, as some of the manufac
turers are placing upon the market improved forms of 
bicuspids and molars. 

Dr. \Yilliams found it was no easy matter to induce the 
manufacturers, vvith their expensive equipment of molds and 
large stock of artificial teeth, to abandon their established 
methods, though unsatisfactory, and adopt a new system 
based upon an untried theory. However, being a man of a 
highly cultivated artistic personality and much deter
mination, he resolved that the time was ripe for the much
needed improvements in artificial teeth, and that it should 
be brought about. 

Since writing the text for the former edition of this book 
Dr. \Villiams has completely changed the scheme for his 
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work. His scheme has evolved itself into a classification 
based upon his extensive anthropological studies, and is 
now in concrete form and obtainable as "Trubyte" teeth. 
Dr. Williams's studies have demonstrated that there are 
but three elemental forms of teeth, and that these forms 
are represented by the geometrical figures of the square, 
triangle, and circle. As all faces are but modifications of 
the three forms, if beauty is to exist, there must be harmony 
in the form of the face and teeth. Therefore a square type 
of face, whether long, medium, or short, must have the 
square type of tooth in its appropriately modified form; 
the pointed-triangular face must have teeth with straight 
sides and constricted necks, and the round (oval and ovoid) 
faces require teeth with their outline made up of curves. 

The scheme contemplates seven forms or modifications 
for each class, and 7 sizes of each form, or 49 models for 
each class, and 147 models for the 6 upper anterior teeth. 
It is presumable that the lower anterior teeth will not require 
so great a variety of forms of each class, but of each class 
form produced there must be a corresponding size for the 
upper. The forms of the teeth are marked in the carding 
wax with an Arabic numeral 1 to 7 inclusive, and the 
by a letter. The sizes in Class I are indicated by the letters 
B to H inclusive; Class II, L to R inclusive, and Class 
III, T to Z inclusive; therefore the class to which a set of 
teeth belongs can always be told by the letter indicating 
the size. The models are charted in millimeters, giving the 
length of the central incisors and the combined width of 
the six teeth. 

The surface markings of the teeth are evidence of the 
highly artistic sense of their designer, which in combination 
with their scientific coloring and shading must produce a 
degree of perfection never before attained in prosthetics. 

The bicuspids and molars are developed upon an entirely 
different principle. While the anteriors are essentially 
esthetic the posteriors are remarkably effective in use. 
However, neither the anterior nor the posterior teeth are 
deficient in the factor in which the other dominates. 

Professor Gysi has developed the system for the bicuspids 
and molars to be used vvith Williams's anteriors. It con-
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sists of but one form of three lengths and three sizes, making 
but nine molds. The occlusal surfaces are so perfectly 
formed that their antagonization is perfection and rarely 
1vill it be necessary to use a stone upon them. These teeth 
as carded are numbered to indicate the length and the 
combined ·width mesiodistallv in rnillirneters. Professor 
Gysi has also produced a bloc'k consisting of the bicuspids 
and molars. These blocks antagonize as perfectly as the 
single teeth which they duplicate. Further, they are of the 
diatoric t~'pe, and where there is sufficient room to admit 
of their use they will expedite the mounting of the teeth and 
probably give additional strength. 

The system is so comprehensive that the dentist has only 
to make suitable occlusion models, take the required measure
ments in millimeters, select the color by number, and order 
by phone or letter. However, the system is so extensive 
that no office can afford to carry a complete stock, nor will 
a small dealer be able to keep an adequate supply. It appears 
as though "regional" supply houses are forthcoming. 

Fw. 226 Fw. 227 Fw. 2213 Fw. 229 

Vulcolox.····ln the fall of 19Hi the .S. S. \Yhite Dental 
.:VIanufaeturing Compan~, introduced a new form of locking 
deYice for the six anterior teeth. This seems to be a real 
improvement, as the decreased amount and location of the 
platinum should add very materially to the strength of the 
porcelain. The form of the locking device favors also that 
rounded well-contoured form of tooth so conspicuously 
absent in most of the old forms of teeth, and is also an ele
ment of strength in the porcelain. HoweYer, this nor no 
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other well-formed tooth is suitable for that class of exces
sively prominent alveolar process that is so troublesome to 
the prosthetist. A thin, flat tooth is the one indicated for 
such cases. 

Fig. 226 shows the lingual aspect of a vulcolox tooth; and 
Figs. 227, 228 and 229 show diagrams of the diatoric 
bicuspids and molars used with the vulcolox anteriors. 

BASE-METAL PINS. 

On another page mention has been made of the use of base 
metal as a substitute for platinum in the pins of artificial 
teeth. This is regretable because it has cheapened the 
product far beyond the financial saving. In fact, it is ques
tionable if the saving in production justifies the difference 
in the selling price; if it is not largely sophistry for selling 
the product. If such debased material is to be used in the 
mouth, it can logically be used only with cheap work. The 
dentist should feel that to use inferior stock in high-grade 
or high-priced work is an imposition. The blame can only 
in small part be placed upon the manufacturer, because he 
is consistently in the field to meet the wants of the profession; 
although his enthusiasm for trade may warp his judgment 
and color his statements. The blame is largely to the dis
credit of the dentist, because his only motive can be no more 
than the saving of a few pennies on a set of teeth, for which 
he risks his reputation and brings reproach upon his profes
sion. The profession should demand of the dental trade the 
best only that science and art can produce. The lowering 
of the standard of quality should in novvise be encouraged. 

Recently pins plated with pure gold soldered in with low
carat gold solder have been introduced. They are now on 
trial, and it is to be hoped that they will prove equal to or 
superior to the platinum pin. 

DETACHABLE CROWNS FOR VULCANITE WORK. 

Dr. Frederick I-L 1\ies presents a method for using por
celain crowns of the detached-pin type (as the Davis, White, 
English tube or Goslee crowns) in Yulcanite work. 
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The method consists of attaching crowns to a metal bar 
and posts, thereby producing the lingual bulbous portion 
of the tooth in porcelain and reducing the vulcanite base
plate to a minimum in bulk. Logically this method is suit
able only for well-resorbed and receded processes, in connec
tion with which the method has some valuable features, also 
presents some difficulties in antagonization and esthetics, 
The crovms may be attached to the posts with either vulcanite 
or cement; but in either case the countersink in the crowns 
should be roughened by grinding, 

TECHNIC.-As each tooth is ground to the cast the post is 
inserted and the tooth and post waxed in place. The case 

is flasked and the wax removed. The anchor bar is nmY 
shaped to lie directly over the post holes, the loops in the 
posts having been gone oYer to see that they occupy as even 
a horizontal plane as possible. The fourteen posts are now 
strung on the bar in their places to fit the teeth to which the,y 
are adapted. The post holes in the crown are then partially 
filled with rubber or oxyphosphate. The posts, strung on 
the bar, arc now pressed into each tooth to which they were 
adapted. The case is then packed with rubber and finished 
in the usual way. 

Another method is to nearly fill the post holes with whit
ing--to prevent the red rubber running in--then insert the 
pins, pack and Yulcanize. When finished the teeth are easily 
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removed from their sockets and the holes cleaned of whiting. 
The teeth are then rccementecl onto the plate. 

Fig. 230 illustrates the posts strung on the bar. 

Fw. 231 

FIG. 282 

Fig. 231 shows the posts strung on the bar inserted in the 
teeth. 

Fig. 232 is the finished case. 
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PROTESYN. 

The De Trey Brothers of Zurich, Switzerland, have in
Yented a silicate cement gum facing for artificial dentures 
that will meet certain contingencies. It is especially indi
cated ·where considerable bulk of gum material is needed for 
lip contour, and the lip is very mobile. In such cases this 
material is second only to continuous gum dentures, which 
are often prohibitive. 

The method is simple and very pleasing effeets may be 
produced with it. However, it adds nothing to the strength 

FrG. 233 

of the denture and has not the durability of pink rubber; 
therefore it should not be used indiscriminately; nevertheless 
it is a valuable addition to the dentist's armamentarium. 

Fig. 228 shows a denture properly prepared for placing the 
cement. There should be undercut space at the peripheral 
border of the base-plate and at the cervical ends of the teeth 
for inlocking of the protesyn. The protesyn should be 
mixed on a glass slab, with an agate spatula, into a stiff 
putty-like mass. A sufficient quantity should be mixed to 
complete the operation-not two or more mixes for a denture. 

24 
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The cement is applied to the surface to be covered, with 
the spatula, and pressed firmly into place with the fingers, 

FIG. 234 

\Vhich are lubricated with cocoa butter. It is then molded 
into artistic form by the aid of spatulas and brushes, as 
shown in Figs. 234 and 23;). It is then heaYily coated with 

FIG. 235 

the lubricant (cocoa butter) accompanying each package. 
The lubricated denture should stand twenty-four hours, 
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1vhen the butter is thoroughly washed away. Thereafter 
the denture must always be kept submerged in water when 
not in the mouth. To permit the protesyn to become dry 
injures both its color and texture. As the protesyn is very 
slow setting--twenty to twenty-five minutes-the operator 
has sufficient time to nicely adjust and manipulate the 
material. 

Protesyn is furnished in three shades: light, medium, 
and dark; and it may be removed and renewed as often as 
desired. I-hwever, its replacing should seldom be required, 
proYided it is well applied and kept clean and constantly 
moist. 



CHAPTER I 

DOl~3LE V'GLCA::\IZATIO::'\ .METHOD. 

br the preceding chapters the underlying principles, the 
nature, and the requirements for artificial dentures has 
been discussed. Chapter VI trents of the history, appli
ances, and primitive method of vulcanite construction, while 
this chapter presents an advanced technic of construction. 
BY double vulcanization is meant that a nllcanite base·· 
plate is made, and to it the superstructure is added at a 
second Yulcanization. The ndvantagcs of this method oYer 
the single Yulcanization method is that it prcwides a. perfect 
fitting base-plate, pro,·idecl the impression was a good one; 
and it very much facilitates the de,·cloping of the csthetic 
or cosmetic effects of the artificial denture. 

TECHNIC. 

The method consists of taking the impression, making the 
cast, making the base-plate, obtaining the occlusion and 
contour models, arranging the teeth, and proving the contour 
and expression; of preparing the case for flasking, packing, 
vulcanizing, and finishing. 

Impressions.-It is imperative in this as in all kinds of 
artificial dentures that a perfect plaster impression be 
obtained. The technic of this operation is described in 
Chapter IL 

Cast.~Because of the heavy pressure to which t!+e cast 
will be subjected in molding the rubber, it should be made 
of a material that cannot be easily compressed. Spence 
plaster compound is best for this purpose (see Chapter Ill). 

Base-plate.-The vulcanite base-plate is constructed as 
described on page 152. The base-plate should be con

( 372) 
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structed of the pure:»t rubber, as Dougherty's pure black 
rubber, Traun's uncolored rubber, or .:\sh's dark elastic 
rubber. 

FIG. 236 

FIG. 237 

Occlusion and Contour Models.-The occlusion and contour 
models arc constructed as described on page 15~3. The 
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models are mounted on the ~ ew Century Antagonizor by 
aiel of the Snow face bow (Fig. 72). 

Mounting the Teeth.--The teeth are mounted as directed 
in Chapter VI (page 240). The patient is about sixty years 
of age and of the .sanguine modified by the nervous tempera
ment. The teeth selected for the case were S. S. \V. "natu
ral forms," mold ~o. 227, Shade Ko. 40. It will be obserYecl 
that the teeth are of sufficient length to nemjy fill the space 
behveen the high- and low-lip lines, so that{ vvhen the lips 
are pa!'ted to their farthest, only a slight trace of gum 
restoration will be observable-so slight, indeed, that the 
material should not be noticeable. 

The overlap may be seen in Fig. 23G. The lateral incli
nation, compensating curve, and diverging straight line are 
shown in Fig. 23·,·. The esthetic features may be studied 
in Figs. 2:3G and 237. 

Proving the Contour and Expression.-This phase of ·the 
subject is discussed in Chapter X\T. 

Preparation of the Case for Flasking.-Strings are used for 
outlining the festoons and periphery of the gum. The object 
of the festooning string at the cervical portion of the teeth 
is to give the proper thickness to the margin of the gum. 
The string used for this purpose is waxed dental floss, 
twisted very hard, doubled, and twisted again. In doubling, 
the loop will show the direction it should be twisted the 
second time. \Vax the string well with softened wax and 
apply it by grasping the left heel of the plate between the 
fingers and thumb of the left hand, with the occlusal surface 
of the teeth upward; place one end of the string at the distal 
surface of the second molar, pressing it gently into the wax; 
outline the margin of the gum, using the wax spatula to 
carry the string well into the interproximal spaces. The 
peripheral string should be well-waxed wrapping twine, 
placed at the outer edge of the wax, and secured in place 
by melted wax made smooth with a hot spatula. Fig. 238 
illustrates the usual manner of applying the strings. The 
peripheral string should be applied at the line of separation 
of the flask, and this must be, in cases of heavy restorations, 
at the widest portion of the wax model. 
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The next step is to coYer the buccal and labial surfaces 
with a strip of ~ o. 60 tinfoil. Instructions are necessary in 
applying the tin over the strings. The Xo. ;3 instrument of 
the Evans set of caryers (Fig. 98) is especiall~· adapted for 
adjusting the tinfoil. The strip of foil is placed OYer the 

F1u. 238 

wax and teeth and pressed as closely as possible with the 
fingers. The surplus tin is cut awa,\· with fine··pointed 
sc1ssors. Two pairs are desirable, one straight and the 
other curYed. The edge of the tin ma~· be an~·,yhere betvwen 
the morsal ends and the middle of the teeth. The tin should 
he slit bet\yeen each two teeth. Fig. 2:39 shmYs the tin 
trimmed and slitted. Hold the \York in the left hand, seize 

FIG. 239 

the instrument by the hand grasp, rest the thumb upon the 
occlusal surface of the second molar, and burnish the tin 
closely to the tooth and against the festoon string. Continue 
this operation with all the teeth. After adjusting the tin 
about the teeth, the metal must be burnished over the 
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string to give the desired thickness of the gum and the 
contour of the festoon. This is done by holding the plate 
and burnisher in the same manner as before. The instrument 
must extend one-sixteenth of an inch beyond the string and 
at the same time must rest upon the body of the tooth while 
pressing the tin down over the festoon string. By this 
means a proper thickness and contour are given the margin 
of the gum, without forming an unnatural beaded edge. 
After all the teeth have been thus treated, the position of 
the plate should be reversed in the left hand, so that the 
thumb of the right hand may rest upon the periphery of 
the base-plate while burnishing the tin from the festoons 
toward the periphery. With a pair of sharp curYed scissors 

trim the tin ilush with the peripheral string, but do not 
permit it to overlap the vulcanite base-plate. The case is 
now ready for tinning the lingual surface. L se No. 60 foil, 
and if the vault is a high one, slit the tin from the middle 
of one side to the centre. Place the inner end of the slit 
over the middle of the vault, and one edge of the slit along 
the raphe to the palatal border; press the side of the foil 
gently against the wax and teeth; press the other half of 
the tin, in the same manner, into position, permitting the 
slit portion to overlap the first half. With sharp scissors 
trim the tin nearly down to the teeth. Remove the foil 
and place it upon a plaster or metal cast having well-defined 
rug:=e, and burnish the rug:=e into the foil. Hemove the foil, 
turn it over, and fill the impressions of the rug:=e with wax, 
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also smear the remainder of this surface with a thin layer of 
wax; now replace the waxed surface against the vault of the 
plate and nicely adjust with the fingers. The tin must be 
securely burnished against the teeth. The lingual contour 
of the teeth is produced b~- roughly carYing away the excess 
of wax, with the Evans wax carYers, just before placing the 
tin. The tin is also slit between the teeth on their lingual 
aspect and nicely burnished to place (Fig. 240). 

Flasking.-A flask with a narrmv rim is imperative. The 
star flask, as shown in the following illustrations, will do 
very well, but one made by the Cleveland Dental l\lanu
facturing Co., called the \Yilson flask (Fig. 101), will better 
serve the purpose. This flask is designed to be used with the 
Donham clamp (Fig. 101). 

FIG. 241 

The maxillary surface of the case, having been cleaned of 
wax, is filled with Spence's compound, ·which forms a cast 
upon ·which the denture is vulcanized. This vulcanization 
cast should be not less· than one-fourth of an inch thick at 
the thinnest portion of the vault, and should not overlap 
the tin facing. In one hour this cast will be sufficiently 
hard to place in the first section of the flask with regular 
dental plaster (Fig. 241). The peripheral string will be a 
great aid in outlining the denture in the flasking plaster. 
After the plaster has set, it is coated with a separating fluid, 
and then held under the faucet so as to moisten the tinfoil 
and thus facilitate the flowing of plaster into the interproxi-
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mal spaces at the time the flasking is completed. The flask 
should stand about thirty minutes and then be placed over 
the stove in a stew-pan of cold \Yater, to be heated up as 
before described on page 278. 

Separating the Flask.-vVhcn the heat of the water indi
cates the time for opening, the Hask is grasped with a cloth 
holder in the left hand and separated by the point of a knife
blade or wax spatula inserted at the heel of the flask. The 
instrument should be guarded by the thumb and finger of 
the right hand to avoid the possibility of marring the case. 
The strings and as much of the wax as possible arc remoYed 
with the spatula, after which the remainder is removed by 
pouring boiling water upon it; then \vith a cloth the tin lin
ing and ~mlcanite base-plate are wiped dry (Figs. 242 and 
238). The excess space is cut with small gate connections, 
provided the flask is to be bolted (Fig. 243), but no gate
ways if n!lcanization is to be under spring pressure and the 
separated flask is placed over the sheet iron to warm as 
previously described (Chapter YI, Fig. 1 
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Fw. 243 

c 

b 
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Packing.~Sufficient Gilbert \:Yalker's granular gum or 
pink rubber is cut into strips to forn1 a layer of one thick
ness over the tinned surface. First pack a narrow strip 
of red rubber about the pins (Fig. c), and small square 
or triangular pieces of granular gum between the cervical 
portions of the teeth. The strips of granular gum are then 
placed over the labial and buccal surfaces of the matrix 
with the fingers and wax spatula so that no space remains 
through which the red rubber can escape. The strip of red 
rubber about the pins should he pressed down with a \Vax 
spatula to form a symmetrical outline. A" piece forming 
a half-circle of g~·am!lar gum is then placed onr the anterior 

FJG. 2J;) 

portion of the lingual surface (Fig. 244, a), and vvith the wax 
spatula the circular edge is joined to the red rubber about the 
pins of the teeth. A piece sufficiently large when stretched 
to half its thickness (Fig. 244, b) is then applied over the 
remaining portion of the lingual surface, and its edges are 
united to the contiguous rubber. Red rubber may be sub
stituted for the pink rubber of the lingual surface and give 
additional strength to the denture. Strips of red rubber are 
then placed over the teeth to nearly, but not quite, fill the 
mole!. A separating cloth of closely woven cotton, or the 
cloth removed from the rubber after the sizing has been 
washed out, is saturated with warm water and placed owr 
the rubber in the mold, when the two sections of the fiask 
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are placed together. If the packing has been expeditiously 
done and the rubber is sufficiently warm, it is placed in the 
flask press and gentle pressure applied. The flowing of the 
rubber should be followed eYery ten seconds with a partial 
turn of the screw until the flask is closed. The flask is then 
remoYed from the press and separated. If there is not 
an excess of rubber, the cloth will easily separate from the 
rubber, but should there be strong adhesion, saturation of 
the cloth with water will facilitate its removal. Attention 
is again called to the danger of warping the denture while 
closing the flask. This is especially so ~with the double 
Yulcanization method because of the small amount of rubber 
required to cover the lingual surface (see Chapter VI). 

FIG. 246 

Vulcanizing.-~The case is Yulcanized in the same manner 
as described in Chapter YI. 

Finishing.-After vmshing to remove the loose plaster, the 
tin may be easil~· stripped off, and the excess vulcanite filed 
from the peripher.v of the denture. A sharp chisel should 
be used to trim about the labial and buccal surfaces of the 
teeth, but the lingual surface should be trimmed with a 
scraper. The file marks about the periphery of the plate 
should be removed IYith fine sandpaper. The labial, buccal, 
and lingual surfaces are buffed with felt wheels and cones 
carr~·ing pulYerized pumice and \Yater. The spaces between 
the teeth are best reached with a stiff-bristle brush wheel, 
using wet pumice. All the surfaces, including the maxillary, 
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are glossed b;y using a rapidly revoh"ing soft-brush wheel 
and whiting wet with alcohol or vYater. 

Illustrations.~Fig. 245 is the completed case shmYn in 
occlusion. Fig. 246 presents the lingual aspect of the teeth 
and the reproduced rug::e. Fig. 247 shows the maxillary and 
mandibular surfaces. 

F.lG. 247 

Conclusion.~The double Yulcanization method is best 
adapted· to full cases, but may be used in partial cases. The 
tin-finishing method is applicable to the single vulcanization 
method as well as to the double. It is the easiest and best 
method of forming the contour of the surfaces of the denture; 
also producing a dense surface on the vulcanite. 



CHAPTER X. 

ALC.l\1INTM BASE-PLATE. 

History.~Aluminum vYas knmn1 theoretically long before 
it was reduced to a pure metal. In the earl~· part of the 
nineteenth century Sir Humphry Day~· named the metal 
"alumium," signifying that it is the meta.l of alum. Other 
;:;cientists contended that the metal should be named from 
its oxide alumina, therefore aluminium. In 1812 Davy 
compromised and called it aluminum, which name is the 
generally accepted one of today. 

Wohler 1vas the first to reduce it to a metal in 1827. 
Deville took it from the rank of a curiositY and made it one of 
the useful metals in 1854. DeYille's pro.cess of manufacture 
was knovm as the sodium process. August 18, 1885, E. H. 
and A. H. of CleYeland, reeei1Td a patent for an 

making aluminum alloys. In 1886 
Hall, of Oberlin, Ohio, applied for a patent, 

which was granted April, 1889. This process produced pure 
aluminum br clcctrol~·sis. This process is used by the Alumi-

. num Compan~· of \Yhose principal plant is located 
at Falls. In 1855 the metal was worth nearly $100 
a pound; today the purest metal on the market can be 
purchased, in quantity, at less than thirty cents a pound. 

and Chemical Properties.--Aluminum is a silvery 
white metal. Its specific gravity is 2.56. It fuses at 657° C. 
or 1215° F. Its specific heat is high. Its lineal expansion is 
relatiYely high; of the common metals it is only exceeded 
by zinc and lead. As a thermal conductor it is better to 
compare it vvith the other metals. Ag, lOO; Cu, 73.6; Au, 
5:1.2; Al, 31.3; Zn, 28.1; 15.2; Pb, 8.5; Pt, 8.4. Pure 
aluminum has good tensile strength; but is not very rigid, 
it will bend nearly double. It is about as hard as copper; 
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it is just below copper in ductility, and nearly as malleable 
as gold. Aluminum powder is the ground leaf. It is electro
positive to all other metals used in the mouth, therefore it is 
the one that would be destroyed if a voltaic couple is formed. 
This property and its lack of rigidity unfits it for partial 
dentures. The impurities of aluminum are iron and silicon. 
The Aluminum Company of America gives the composition 
of their No. 1 grade as: Silicon, 0.:30; iron, 0.15; aluminum, 
99.55 per cent. This grade is usually 99.25 to 99.40 per cent. 
pure. Their No. 2 grade contains 2 per cent. each of iron 
and silicon. The natural solvent for aluminum is hydro
chloric acid, the other mineral acids having little or no 
action. Sulphur at less than a red heat does not act upon 
it. Solutions of caustic alkalies, chlorin, bromin, iodin, and 
hvdrofluoric acid act readik and corrode the metal. It 
,~ithstands the action of org~nic secretions better than does 
silver. Therefore it is used for dental plates, for surgical 
instruments, itnd for articles subjected to mrbolic acid or 
other organic itntiseptic solutions; but antiseptic solutions 
of mineral salts should not be used upon it. It is not injured 
by the sa.lt and vinegar used for culinary purposes. 

Aluminum Base-plate.-Aluminum is used as a base-plate 
both by the casting and swaging methods. It was first used 
for the casting method by Dr. J. B. Bean, of Baltimore. He 
cast it under pressure of a column of the metal several inches 
high. DJ.,_ C. C. Carroll, of Havenna, Ohio, later of JVIead
ville, Pa., and New York City, developed a process of casting 
aluminum under air-pressure, using a rubber bulb. Dr. R. C. 
Brophy, of Chicago, invented a method and process for 
casting by jarring the molten metal into the mold. All of 
these inventors used alloys of aluminum, deeming it impos
sible to make dental castings of pure aluminum. Carroll's 
alloy, as given by Goddard, was Al 98 parts; Pt, Ag, and Cu 
2 parts. Hichards states that Carroll's alloy consisted of 
AI, 90 to 9:) parts; Ag, 5 to . 9 parts; and Cu, 1 part. 
Brophy's Aerdentalloy consists of AI 90 parts, and Ag and 
Sn 10 parts. 

The writer believes that the first successful castings of 
pure aluminum for artificial dentures were made subsequent 



INVESTMKVT COMPOUND CAcST 385 

to Dr. Taggart announcing his method of casting gold in 
January, 1907. Early in 1908 Dr. D. D. Campbell, of 
Kansas, City, Mo., presented the "cow bell" (centrifugal) 
method in the Dental Brief, and Dr. J. H. Billmeyer, of 
Norwalk, Ohio, presented his :ruethods in the Dental Sum
mary and Dentist's ~Magazine. This method is undoubtedly 
the most successful method yet devised for casting pure 
aluminum. It uses the bucket and centrifugal force method, 
but its essential and new (to dentistry) principle is having the 
feed sprue enter at the bottom, and the vent sprues at the 
highest points of the mold. The vacuum principle is also 
used for casting pure aluminum, as exemplified in the Elgin 
Vacuum Machine. 

Technic.-The technic of making a pure aluminum casting, 
based upon the Billmeyer method, consists of a properly 
taken plaster impression, inYestment compound cast, wax 
model, flasking, heating, melting of metal, casting and 
finishing. 

Impression taking is described in Chapter II. 
Investment Cast.--The impression is coated with 

shellac varnish and glossed with sandarac Yarnish. It is 
filled ·with any good non-shrinking investment compound. 
An excellent material consists of silica sand (vvhite lake 
sand), wash or float silica, and plaster of Paris, equal parts 
by measure. Silica sand is the highest fusing, the least 
expanding and contracting, and the best conductor of heat 
of any material at command. It is coarse and forms centres 
toward >Yhich the shrinkage of the bond material may draw, 
thus preventing warpage and cracking of the mass of material. 
The fine silica fills the pores, and the plaster serves only as 
a bond; therefore the strength of the compound will depend 
upon the quality of the bond. As a slow-setting plaster 
is stronger than a quick-setting one, it is evident that the 
poorer grades of plaster ·will make the stronger ilwestment 
compound, but slow setting, and vice versa. The ingredients 
of the compound are thoroughly mixed by passing five times 
through a sieve. 

It will require 3~ or 4 parts of this compound to 1 part 
of water, by measure, to make a suitable mix for filling an 

25 
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impression. While filling the impression the material must 
be thoroughly jarred into place, thereby producing a smooth 
surface upon the cast. 

The relief or vacuum chamber may be produced by either 
of two methods--(1) carving the impression, or (2) adding 
to the cast. If the addition method is chosen, a thin solu
tion of a fine-grain investment compound is painted onto 
the cast. To be assured that the added portion is thor
oughly attached, the cast is well saturated 1vith water over 
the portion to which the addition is to be made. A good 
formula for a fine-grain investment compound is two or 
three parts by measure of wash silica and one part of plaster, 
thoroughly mixed by 

Wax Model object sought in forming the 
wax model for a cast aluminum base-plate is to so place the 
material that the finished product shall have at every part 
sufficient body to resist the stress to be placed upon it; to 
form square joints, thus no feathery edge of either vulcanite 
or metal; and to provide for securely attaching the teeth by 
means of vulcanite to the base-plate. 

Technic.-A sheet of pink base-plate ;,vax is warmed and 
evenly adjusted to the cast, the excess is cut away 1vith a 
warmed wax knife, and the edges luted to the cast. It is 
evident that the thickness of the sheet of base-plate wax 
will control the thickness of the casting, therefore a wax of 
suitable thickness to produce the desired result must be 
used. The additions to the wax base-plate are made by the 
use of rolls af pure yellow beeswax. These rolls are made by 
cutting a strip of impression wax, one-fourth of an inch wide, 
·warming it in the flame, and working it with the fingers until 
it is eyenly soft and in the form of a roll. It is placed upon a 
clean fiat surface (top of the work··bench is excellent), and 
rolled under pressure with another fiat surface (a slab of 
glass i by 3 by 6 inches is desirable). This first strip of vvax 
should be reduced by rolling to t of an inch in diameter. 
The roll is warmed slightly and conformed by the fingers to 
the buccal and labial borders of the wax base-plate; the roll 
is continued to outline the lingual portion of the alveolar 
process. Necessarily jnrlgmcnt must he exPrcised in placing 
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the roll of wax so that its substance will give the desired 
contour to the model base-plate. Fig. 248 shows the pink 

FIG. 248 

base-plate wax adjusted aud the peripheral wax as adjusted 
by the fingers. The roll of wax is contoured and united to 
the base-plate by using a hot ironing spatula. Fig. 249 shows 

FIG. 249 

the wax roll so manipulated that it presents a square ledge 
against which the vulcanite attachment will rest in the 
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finished denture. The next step in forming the wax model 
is to make pwdsion for securely holding the vulcanite 
attachment to the metal casting. This is best clone by means 
of a row of cleats as near the edge of vulcanite and casting 
as it is possible to place them. These cleats are formed 
of wax rolled to a diameter of 1\r of an inch, or less, and 
bent into a series of loops. This looped roll is placed upon 
the model base-plate and the points of contact luted by a 
touch of a hot wax spatula. When the wax i::; cold the 
tops of the loops are cut away with a pair of small curYed 

FIG. 2.)0 

scissors. Fig. 250 illustrates the attached loops upon one 
side of the wax model and the cleats as formed by shearing 
upon the other side. 

The completed wax model plate is prepared for flasking 
by attaching gate or sprue formers. These are one feed or 
pouring sprue and two vent sprues. The feed sprue former is 
a roll of yellovv wax, v,-bieh must not exceed 1

3
6 of an inch in 

diameter, attached near the lovvest part of the wax model, as 
it is to stand in the flask. It is obvious that the larger the 
feed sprue hole the more quickly the mold ma~· be filled with 
the molten metal; and the smaller the sprue hole the more 
danger of an incomplete casting from the metal chilling. 
Hovvever, as the feed sprue hole connects with the bottom of 
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the melting crucible, there is a limit to its size. This limit for 
safety has been found by practice to be 1

3
6 of an inch. A 

sprue of ~-inch diameter is almost certain to permit the first 
molten metal to fall into and clog the lower end of the hole, 
thereby preventing the filling of the mold. The explanation 
of this fact is that the specific graYity of the metal resting 

Fro. 251 FIG. 252 

oYer a }-inch diameter hole is greater than the cohesion of 
the molten metal. The vent sprue formers are 14 or 1() B. 
and S. gauge iron ·wire attached to the highest points of 
the wax models. }'ig. 251 shows the sprues properly attached 
to the upper 1vax model base-plate. Fig. 252 shows the 
Billmeyer casting bucket or flask of sheet iron, vvith the 
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handle attached. Fig. 253 is a diagram of the flask, model 
base-plate, sprue formers, and melting crucible. 

\ 

\ 
\ 

Fro. 253 

Flasking.-There are two steps to the flasking procedure
Cl) investing the wax model base-plate, and (2) flasking the 
invested case. 

The wax model base-plate securely luted to the cast is 
covered with water while making a thin batter of investment 
compound, using the same material of which the cast was 
made. The cast and model are removed from its bath and 
excess moisture quickly absorbed with a napkin. The 
investment batter is applied to the wax model with a ±-inch 
ox-hair paint brush. Fig. 2M shows the case invested. If 
the investment compound is made of slow-setting plaster, 
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the invested piece should stand about ten minutes; but if 
the investment is quick setting, the second step may proceed. 
This vdll require a plaster bmdful of the inYestment com-, 
pound of a little stifrer consistency than that applied with 
a brush. The material is all placed in the flask, and the 
invested case pressed well down toward the bottom of the 
flask, at the same time rapping the flask on the bench to 

FIG. 254 

assure the perfect adaptation of the second investment. 
\Vhen the investment is partially set a cavity is carved about 
the wax casting sprue former for the melting crucible. 
This is shovvn in Figs. 253 and 255. When the investment 
compound has thoroughly set the inside of the crucible 
mold is scraped smooth with a round-end vulcanite scraper. 
This \Yillleave the wax sprue former just flush with the floor 
of the crucible. All particles of loose compound must be 
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Fra. 255 

FIG. 256 
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brushed or jarred out. The flasked case is placed in a warm 
place (not in an open flame) to dry and soften the wax; as 
soon as the wax begins to run, the vent sprue wires are 
drawn and the case inverted upon the gas stove (Fig. 256). 
As the wax of the model melts, it either ignites or drops 
upon the bench. There should be no smudge of burning 
wax if it is in direct contact with the flame, as the carbon, 
hydrogen, and oxygen are so proportioned in wax that it 
burns smokeless under favorable conditions. For the first 
ten to fifteen minufes the gas is turned on about one-half 
and then for the rest of the heating up it is on full. The flask 
should be heated in the inverted position for one hour or 
until there is no flame issuing from the feed sprue hole, thus 
signifying that the wax is completely burned. The flask is 
reversed, that is, the small end is down for half an hour. 
Heating for another half-hour will do no harm, but it is 
unnecessary. 

The No. 1 aluminum is purchased in bars described as 
small-notched bars (s. n. b.) containing about one and one
half pounds of metal, notched into six sections. Each section 
may be cut into three pieces of about equal size. One of these 
small pieces will suffice for any ordinary casting. The metal is 
very tough, therefore hard to cut. The author cuts it upon 
the swaging block ·with a cold chisel and heavy swaging 
hammer. The cutting is no light task 

Caution.-Aluminum is considered a connecting link be
tween the noble and base metals, nevertheless it is base and 
has the property of absorbing its oxides, also, markedly, the 
property of occluding gases. This latter property is evi
denced by the odor of garlic (carbon compound), often 
noticeable in a newly made casting, also the lack of uniform 
density shmvn by burnishing a buffed surface of the metal. 
This implies that aluminum that has once been melted in a 
dental laboratory should be discarded. 'Cpon the second or 
third melting of the metal a yellowish tinge may be noticed; 
this indicates superficial oxidation. Should the color appear 
with the first melting of the metal, it would indicate that 
the metal has been overheated, and that the casting, to that 
extent, is defective. 
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Melting the Metal and Casting.-Before placing the metal in 
the melting mold or crucible, the upper portion of the flask, 
including the crucible, is thoroughly heated with a large 
blue flame of the blowpipe. This precaution is to assure that 
the upper end of the casting mold is sufficiently heated, 
thus avoiding the granulated effect sometimes seen in this 
portion of the casting. The metal is placed in the melting 
mold and a yellowish-tinged flame of the blmvpipe played 
upon it until it is thoroughly melted, as indicated by the 
nugget of metal settling upon the floor of the crucible, 
although the upper surface is spheroidaL The metal has 
the property of holding heat, so there is no need for undue 
haste, but no time should be wasted in getting the metal 
cast. The gas is turned off the gas stove, the bail is attached 
to the bucket, and as it is lifted from the stove the chain is 
made straight. The swinging of the bucket is started with a 
steady long swing, avoiding a jerk at the start of the swing. 
The diameter of the swing is quickly reduced to the limit 
and the speed increased. The motion should be continued 
until the metal has crystallized. This will probably require 
from fifty to one hundred revolutions. 

Philosophy of the Casting Process. 0-By the swinging motion 
centrifugal force drives the molten metal down the feed gate· 
into the mold. By the law of physics (that liquids seek their 
level) the molten metal will rise in the mold and vent holes 
until it is on a level with the head of metal, when the centrif
ugal force will condense the metal until the hardness of the 
crystals of metal and centrifugence are equaL This will 
probably Qe when the metal has cooled 50° to 100° below its 
fusing-point. It is reasonable to suppose that the metal that 
has travelled the farthest from the head of metal will be the 
first to set, therefore the vent sprues and the palatal border 
would chill, and any contraction that is taking place will be 
made good by the molten meti:d under pressure backing it 
up, thereby keeping the mold full and providing a perfect 
fitting base-plate. The writer, by careful visual observation, 
has not been able to detect the defects in the castings made ,, 
by this method that have been noticed in the castings made 
by other methods. Therefore the writer confidently presents 
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the foregoing method as the best yet devised for casting 
aluminum. 

Suggestion.-~-Suificient free space must be proYided for 
swinging the bucket, to preclude the bucket striking, and 
dumping the molten metal, thus endangering the operator 
and nearby property. Such accidents are inexcusable. It 
is well for an inexperienced person to practice with a small 
bucket :filled with ·water and describing the same radius as 
with the casting outfit. Confidence will soon be gained in 
the ability to start and stop the swing of the bucket. If 
a bucketful of water can be successfully handled, a crucible 
mold 1vith nearly straight sides and only half-full of molten 
metal sh(Juld be harmless. 

Fro. 257 

Cooling and the Casting.--After swinging, the 
casting bucket should be permitted to stand in a cool place 
for fifteen minutes, after vvhich the cooling may be expedited 
by submerging in cold water. A plaster spatula is passed 
between the flask and the i1westment, when by pressure upon 
the loose bottom of the bucket the casting and investment 
will be pushed out of the bucket. The inYestment is broken 
and brushed away from the casting. Figs. 257 and258 show 
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a casting as it came from the im·estment. The sprues are 
snipped away and the edges filed. The case is sandpapered 
and buffed with felt and pumice the same as vulcanite. 

Fra. 258 

FIG. 259 

Caution.-Cast aluminum is not elastic, therefore care 
must be exercised in manipulating light castings not to bend 
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them. Probably more castings are ~warped by bending than 
by improper casting. Fig. 259 shows a trimmed and buffed 
aluminum base-plate. 

Use of the Aluminum Base-plate.---The base-plate of alumi
num is to be used the same as the vulcanite base-plate for 
obtaining the occlusion and contour wax models, mounting 
on the antagonizor, setting up the teeth, proving the antago
nization and contour, flasking, packing, vulcanizing, and 
finishing. ~ 

All of these procedures as described for vulcanite work 
are sufficient for the work in hand, excepting for fiasking and 
polishing. 

FIG. 260 

Flasking.--The aluminum base-plate should be so im
bedded in the first half of the Yulcanite flask that as little 
of the metal will be exposed as possible; thus ayoiding the 
scraping of vulcanite from the buffed surface. Fig. 260 
shows an upper case suitably encased in the lower section 
of the vulcanite flask 

Polishing.---Aluminum may be scraped the same as vul
canite, but it may be dressed clown easier with the emory 
cloth bands on the lathe arbor (Fig. 119). The lathe 
should be run at high speed, and light pressure used in holding 
the work against the abradant. Scratches are removed from 
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the surface by the use of felt buffers and p'umice, followed 
with a soft brush and whiting. This the aluminum a 
leaden polish due to fine particles of the metal and abradant 
being ground into the surface of the metal base-plate. There 
are three methods of cleansing and developing the luster of 
aluminum-(1) chemical, (:2) use of special polishing prepa
ration, and (:)) burnishing. The chemical method consists 
of treating with caustic alkali and acids altcmatel.v. This 
method is harcflv suitable for the dental laboratorv. How
ever, it giws a beautiful frosted effect, hut it is d~ubtful if 
it is desirable. 

FIG. 261 

There are several preparations useful for the second 
method. Benzin and whiting rubbed on with a buffer of 
cotton or chamois skin, or these materials used by hand. 
A paste may be made of two drams each of copper sulphate 
and potassium carbonate and one ounce of lard. To this 
paste add a dram or two of any one of several finely ground 
abradants, as chalk, rotten stone, rouge, tripoli, or buckhorn. 

The burnishing is done \Yith an agate or bloodstone 
burnisher and a burnishing fluid composed of equal parts of 
olive oil and rum. This method is the very best for the 
maxillary and mandibular surfaces, but is open to the ob
jection that it shows up the unequal hardness of the dressed 
surfaces. However, it produces the hardness and best wear-
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ing surface of any of the methods for finishing. Figs. 261, 
262 and 263 show different views of completed dentures on 
aluminum base-plates. Fig. 264 shows the lingual surface 

FIG. 262 

FIG. 263 

FIG. 264 
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of a denture with the metal cast to the teeth. Figs. 265 
and 266 show the same case as the casting came from the 
flask. 

FIG. 265 

Fra. 266 
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Casting to Porcelain Teeth.--The wax model must be so 
shaped that the cast metal will not overlap any edges of 
porcelain, because the contraction of the cooling metal may 
crack the porcelain teeth. The lingual surface of the denture 
must be carved to shape in the wax and smoothly finished. 
Chloroform can be used to finish the wax surface. The 
flasked case should be made very hot before pouring the 
metal; and then the case must stand until it is cold before 
removing from the investment. Platinum pin teeth should 

FIG. 267 

not be used, as the molten aluminum is a solYent for plati
num. The labial and buccal surfaces are finished 1:dth vul
canite. Casting to the teeth is of doubtful expediency. 

Pig. 267 shows the Elgin Yacuum casting machine. Fig. 
268 shows the method of forming the -wax model and attach
ing the 1vax sprue. The process consists of drav1ing the 
molten metal into the mold by exhausting the air in the 
mold, through the investment compound, -with a pump. It 
is not reasonable to expect that a light and viscous sub-

26 
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stance like molten aluminum can be cast as sharply and 
densely, and with as much certainty, by negative force 
(suction) as by positive force (centrifugal). However, many 
operators are much pleased IYith the machine and its achieve
ments. 

FIG. 268 

SWAGED ALUMINUM BASE-PLATE. 

Aluminum may be swaged by eithel"the die and counter or 
the machine method. 

Die and Counter Method.-The student is referred to the 
chapter on Gold Base-plates for methods of constructing a 
die and counter; it is therefore only necessary in this chapter 
to discuss tersely the use of such a base-plate. 

Formerly the most successful base-plate of aluminum was 
made by the swaging method, but with the advent of modern 
casting methods the order has been changed, and the writer 
cannot conceive of any case in which the swaged base of 
aluminum would be preferable. However, it is well to have 
a comprehensive idea of the manner of using such a base
plate. 

A suitable die and counter having been formed, the die is 
oiled (sperm or lard oil) and a sheet of well-annealed Ko. 
18 or 20 B. & S. gauged aluminum, with its fiber at right 
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angles to the raphe of the mouth, is conformed to the die 
Kith a horn mallet, or, better, one tipped with soft vulcanite 
(a cane or crutch tip), and then swaged in the counter-die, 
using a heayy swaging hammer. The direction of the grain 

~-----------------------, 

FIG. 269 

is important, as the base-plate is easily cracked, in use, if the 
fiber is parallel >Yith the raphe. The base-plate having been 
adjusted to the mouth, the surface is prepared to hold fast 
the vulcanite used to attach the teeth by scoring the surface 
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FIG. 270 

FIG. 271 
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~with an engraYer, or by punching loops upon the surface. 
The scoring is done either with a hand engraver or an 
automatic mallet engraver. The loops are formed ~with a 
punch. These three instruments are shown in order in Fig. 
269, and the work done by them is shown in Fig. 270. The 
base-plate is scrubbed vvith soap and water to remoYe oil 
and dirt, when it is ready to be used in forming the wax 
occlusion and contour models. It is fiasked for vulcanizing 
the same as the cast aluminum base-plate. It is also polished 
in the same manner. 

Machine Swaging.-Yarious machines have been deYised 
for swaging metal base-plates; they are better adapted to the 
soft metals than to hard ones. The principal argument 
for their existence is their supposed simplification of con
structing dies and counters; they certainly are not as effec
tiYe as the die and counter method. However, there is a use 
to which they may be put in which the die and counter can
not readily be used; that is, in reswaging a base-plate after 
attachments have been made to it. There are various types 
of these machines; however, Fig. 271 will suffice to illustrate 
these appliances. 2'\o. 12 shot is used for the counter die, 
and a heayy swaging hammer for the povl'er. 



CHAPTER I. 

GOLD BASE-PLATE. 

Material.~ Pure gold is a bright, rich, yellow metal, vvith a 
specific gravity of 19.2(5, and a fusing-point of 20Hi° F. It 
is the most malleable and ductile of the metals, and ranks 
third as a conductor of heat and electricity. It is insoluble 
in any of the ordinary mineral acids, but soluble in the 
combination nitrohydrochloric acid. It is not oxidized by 
heat alone, therefore is a noble metal. It is nearly as soft 
as pure lead, and can be alloyed with many of the other 
metals. It i~: used in prosthetic dentistry principally in its 
alloyed state. The metals with which it is alloyed for use 
in plate vvork are silver, platinum, copper, and zinc. Silver 
has little effect upon it, except to cheapen it and modify the 
color. Platinum alone with gold has little effect upon it, 
hut in combination with silver and copper it makes the gold 
very hard and elastic. Copper alone hardens gold very much 
and gives a deep red-yellow color. Zinc makes it hard and 
brittle and increases the fusibilit;y markedly. 

There are two classes of gold used in plate-work known 
technically as plate and solder. The plate is that form of 
metal containing the properties of hardness or softness; 
rigidity, flexibility, and elasticity; high fusing or low fusing, 
according to requirements of the service to which it may be 
put. The two requirements of the other class (solder) are 
that it shall appear as near like the plate upon which it is 
to be used as possible, and melt and flow at a considerably 
lower temperature than the plate. 

The precious metals are spoken of as so many carats fine, 
or so many parts of 24 pure; thus 18-k (carat) gold plate 
means that 18 parts of the 24 parts of the alloy are pure 
golrl and the remaining () parts consists of other metals. The 

( ,106) 
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required carats of gold for base-plates are 18-k and 20-k, 
with 22-k and 2·±-k for special purposes. A suitable formula 
for 1~-k gold plate would be pure gold, 18 parts; pure sil-ver, 
Ll parts, and pure copper, 2 parts. The 20-k and 22-k plate 
would hayc the indicated amount of pure gold with the 
alloying metals of equal amounts of silver and copper. The 
rigid and elastic plate knmyn as clasJJ gold may be formed of 
any of the preceding carat by substituting platinum for 
half of the named amount of silver. Solders are formed of 
the same degree of fineness as plate by substituting zinc for 
a portion or all of the silYer. This was formerly true of 
solders, but today, as the result of competition in trade, the 
solders are marked "for" the indicated carat plate. It is 
bmwn that the solder is two carats lo-wer than the number 
upon the solder. 

The thickness of the gold plate should be goyerned by the 
method of construction, and the amount of stress to which 
it is to be subjected. For all full cases the gold should be 
26 to 28 B. & S. gauges thick. (The metal decreases in 
thickness with the increase of number.) The thinner the 
plate the more essential it is that a 1vire should be soldered 
on outlining the vulcanite attachment. The wire to be 
18 or 17 gauge and 20-k. A base may be svYaged of :35-
gauge pure gold (24-k) and entirely doubled with clasp or 
18-k plate of 30 to 32 guage. The solder should be that 
marked "for" the lowest carat plate used in the appliance 
being constructed. 

Methods.-Base-plates of gold are formed by both the 
swaging and casting methods. Swaged gold as a base for 
artificial dentures has been the standard from antiquity, 
and especially with the modern revival of dentistry. It is 
especially adapted to partial cases because of the ease with 
vYhich it may be built up; its rigidity, strength, and com
pactness; and its purity and cleanliness. For most full cases 
it is inferior to continuous gum. The casting method for 
gold bases has but one feature in ;,vhich it is superior to the 
swaged base of gold, that is, adaptation. In all other factors 
(excepting purity of material) it is inferior to the swaging 
method. It is less dense, less rigid, less elastic, more bulky 
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for the required strength, and consequently more expensive 
for stock. The casting method for gold base-plates should 
be limited to small saddles. It is undesirable for full den
tures, bars, bands, or clasps. Gold for base-plates needs to be 
rolled or dravvn in order to develop the properties that make 
it most desirable for the base of an artificial denture. 

TECHNIC FOR SWAGING GOLD. 

Die and Counter Method.-The processes involved m this 
method are: Taking impression, making plaster cast (or, 
better, Spence plaster compound cast), model for die, die 
and counter, and swaging; making and soldering attach
ments. 

Impression.-The student cannot be too strongly im
pressed with the fact that the first and most important 
element for success in any kind of prosthetic work is a 
suitable impression, and that the impression must be taken 
to meet the requirements of the individual case. (See 
Chapter II.) 

Cast.·-The impression may be filled with plaster, or, 
because of its strength and non-changing properties, Spence 
plaster compound. In filling the impression special atten
tion should be given to developing the truncated cone form 
as directed in the chapter on Casts. 

ModeL-The model is the cast prepared for molding in the 
sand. The mold, with the exception of its face, that is, the 
surface made by the impression, must be so shaped that it 
will readily draw from the sand mold. This will require 
that the entire body of the model will slant outward to 
its base representing a truncated cone. This may be accom
plished by cutting away unnecessary plaster and building 
out deficiencies with wax. The thickness of the model will 
depend upon the kind of molding flask used. If it is a ring 
flask, the base of the model should be one inch thick at 
the thinnest part to afford the required strength to resist 
crushing. If the molding is to be done in a Bailey flask 
(Fig. 272) or a Lewis flask (Fig. 273), or the die is to be 
used in a swaging machine, the base of the model need be 
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but a quarter- or a half-inch thick. The base of a model so 
shaped could furnish no obstacle to its withdrawal from the 
sand mold (Fig. 274). The face of the model must next be 

Fra. 272 

Fra. 273 

Fra. 274 
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studied, to know that it will draw from the mold, or that its 
conformation is such that it will not be keyed in. It is evi
dent that the face of the model cannot be carved to obliterate 
undercuts, but that means must be deyised to reproduce 
the undercuts in the die. This may be accomplished by one 
of three ways--(1) by tilting the flask in drawing the model; 
(2) by the use of cores; and (3) by a specially constructed 
parting flask. 

The first method answers -yvell for a single slight undercut. 
This is illustrated in Fig. 275. The dotted lines represent 
lines of gra-;itation. It is apparent that if the flask is held 
at a sufficient angle the inlock is obliter:tted and the model 

FIG. 275 

may drop without defacing the mold. The slight under
cuts that may be provided for by this method are located 
at the anterior portion of the alveolar ridge or at one of the 
tuberosities. 

The second method will provide for any and all cases that 
ma,y present. The core is an added portion used to fill in the 
undercut and contour the model into a typical truncated 
cone. The model, having been varnished with shellac and 
sandarac (as desirable for molding), is built upon with a 
batter of investment compound (such as is used in cast 
aluminum work) to bring the model to the desired contour. 
For strength and conYenience in handling, the core should 
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be about one-half inch thick. It must be so trimmed that 
it will easily drop from the sanclmolcl \Yith the model; the 

Fm. 27G 

core is to be returned to its seat in the sand mold and becomes 
a part of the molcl. \\'hen the investment compound has 

FIG. 277 

set it is parted from the model, trimmed as smooth as pos
sible, and then placed in a warm place to dry. It should be 
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dried to such an extent that a temperature of 700° to 800° F. 
will not drive steam from it. This can be done in an hour's 
time by standing it on its edge upon a sheet-iron over the 
gas stove. The core should not be placed on its side while 
drying, as there is danger of warpage. Fig. 27G shows a core 
for the anterior undercut. Fig. 277 shows cores covering 
the entire labial and buccal surfaces of a model. The core 
may be constructed entire, and when set notched nearly 

FIG. 278 

through at the median line, and broken away from the model. 
The notch should be wide and smoothly trimmed. Fig. 278 
illustrates cores for the lingual surface of a lmver model. 

Third method: Figs. 279, 280 and 281 represent Hawes' 
parting :flask. This flask consists of two rings, the bottom of 
which is hinged to part at three points. 

Molding.-There are a variety of molding sands that may 
be used-the iron founder's black sand, the brass founder's 
brown sand, and marble dust. These materials require 
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tempering for use. If the material is used daily it is best 
tempered with water, because of its cleanliness; but if it is 
only infrequently used, it is better to temper it with glycerin 
or sperm oil, as with these materials it remains ready for use 
for a considerable time; however, the hot metal poured upon 
them produces a disagreeable odor. The material is mixed 
with the chosen liquid, thoroughly rubbed and sieved. 
They improve in temper by standing a few hours. If the 
molding sand is in a suitable condition it will not appear 
moist, but a handful thoroughly compressed in the hand 
will break with a clean fracture. 

FIG. 279 

FrG. 280 Fw. 281 

Technic.-The model (with core in place if one is 
required) is rubbed >vith talcum puwder, then placed upon 
a flat surface and encompassed with the ring of the chosen 
molding flask. 1\Iolding sand is sifted into the flask until 
it is one-third full. This is firmly packed with the fingers and 
a stick (tamping stick) about the model, more sand is sifted 
in and packed firmly down upon the face of the model. Sand 
is added until the ring is filled flush. The flask is lifted from 
the bench, turned oYer so that the base of the model is 
upward; a thin spatula or molding trowel is passed about 
the edge of the model to relieve it of any overlapping sand. 



414 GOLD BASE-P.Li'I'E 

The flask is again turned so that the base of the model is 
dmvmvard; if there is a slight undercut upon the model not 
supplied vvith a core, the flask must be held at such an angle 
as will release the model \Yithout dragging the mold. The 
sand should be so firmly packed about.the model that it will 
not drop of its own weight. The model is released from the 
mold by gently tapping llpon the side of the flask with a 
light-weight instrument, as a wax spatula. If the mold is 
not perfectly dean and smooth at the first attempt, the 
operation must be repeated until a perfect mold is obtained. 

Cau·tion.--lf the sand is OYermoist it cannot be so firmlv 
packed without generating steam under the hot metal and 
thereby spoiling the casting. This may be overcome by 
packing the sand less firmly, but if the sand is not compact 
enough the weight of the metal will give a distorted and 
useless casting. Therefore the student should not yield to 
the temptation to use insufficiently packed sand. He should 
use only well-tempered and well-packed sand. 

Accessory implements that may be useful are: A 6-inch 
straight-edge to smooth the sand flush with the edge of the 
ring; a flat l·inch ox-hair paint brush, and a small-mouthed 
blowpipe. If needed, the occasion will suggest their use. 

Metal for Die.-A suitable metal for a die should possess 
hardness, toughness, sufficient fluidity to take a sharp 
imprint, and should be moderately low fusing, and non
shrinking. There are three types of metal used for dies, 
namely: (1) a shrinking metal (as zinc); (2) non-shrinking 
(as Haskell's Babbitt metal); and (3) low fusing (as the lcrw
fusing bismuth compound). 

Zinc.--Zinc is the hardest of the metals commonly used 
for dental dies, but it shrinks the most of any of the metals. 
The ad,·ocates of this metal contend that the shrinkage 
is an ad,·antage, that it assures a close fit. This argument is 
illogical, for if an impression has been taken to meet the 
requirements of the case all subsequent procedures should 
require exactness and not counter-balancing changes. The 
late Professor Buckingham demonstrated that in an average
sized zinc die the shrinkage is about i 0 of an inch across and 
3-\- of an inch in length. Such a change vvould be almost 
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intolerable upon thin, tense tissue or properly compressed 
soft tissues. Hov,·ever, the metal is much used for dies. 

Babbitt MetaL---There are many alloys on the market 
known as Babbitt metal, some of which are little more than 
lead, and all of the hardware store stock is unreliable for 
dental purposes. The alloy made after the formula of Dr. 
L. P. Haskell and carried by the dental-supply houses, meets 
the requirement. His formula consists of copper, 1 part: 
antimony, 2 parts; and tin, 8 parts (e-a-t-1-2-8). 

Care should be used not to overheat this alloy; in fact, no 
base metal or alloy should be heated much beyond its melting 
point. There are two reasons for this: (1) Oxides are formed 
and occluded, Vl!hich deteriorates the metal. (2) A mixture 
of metals heated much beyond the fusing-point tends, upon 
cooling, to separate into definite compounds, mixtures, 
and pure metals, and to congeal according to the fusing 
point of each; thereby forming a very non-homogeneous 
mass. The student should be interested in the preYention 
rather than the cure for this undesirable condition, and 
exercise care in heating metals. A metal or an alloy of 
metals should be heated only to the desired fluidity, so as to 
be in the melted state as short a time as possible. As it 
requires considerable time for a mass of metal to liquef;·, 
and the different portions will have absorbed different 
amounts of heat, and the liquefied metal is rapid!,\· absorbing 
more heat, it should be apparent, when the mass is one-half 
or three-fourths melted, that it has absorbed enough heat 
for liquefaction and should be removed from the fire. The 
pot having been removed from the fire, the metal is stirred 
with a stick of 1vood until the last portion of metal is liquefied. 
Should the metal be too Yiscid, it should be returned to the 
fire and stirred for a moment, when it will be ready for 
pourmg. 

Bismuth Compound.-Bismuth forms some wonderful allovs. 
They are much used in the dental laboratory. It c~n
stitutes about one-half the weight of the Yery low-fusing 
alloys. It and antimony are the only metals that expand 
on cooling. I-Iodgen states that bismuth expands l 2 of its 
'volume. Combined with lead, tin, and cadmium, it forms 
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alloys all of which melt below the most fusible component 
and a combination may be made to fuse as low as 140° F., 
while its most fusible component fuses at 442° F., and its 
least at 617° F. 

Thus the three principal substances for dies may be 
summed up as: Zinc, fuses at 773° F., shrinks the most of 
any metal on cooling, hardest, and brittle; Babbitt metal 
(Haskell), fuses at 500° F., non-shrinking, neither as hard 
nor brittle as zinc; bismuth alloy, melts below boilii1g water, 
non-shrinking, and is less hard and more brittle than zinc. 

Counter-dies.-A suitable counter-die must be prepared 
for the die. It is desirable that the counter-die shall be of a 
softer and more fusible material than the die. Softness is 
required that the compression produced in swaging shall take 
place in the counter and not in the die; fusibility, so that the 
counter may be readily formed over the die. Lead fusing 
at 617° F. is an excellent counter for zinc. Four or five parts 
of lead and one of tin fuses at about the same temperature 
as Babbitt metal (Haskell), and with care in handling forms 
a desirable counter-die. A counter-die for the bismuth 
compound alloy may be formed of the same material by 
first "smoking" the die, or coating with whiting wet with 
alcohol, and careful pouring. Modelling compound serves 
well as a counter, or the die may be driven into the end of a 
block of soft pine and it used as a counter. In the swaging 
machines various substances are used as a counter, for the 
bismuth alloy dies, as shot, cornmeal, sand, tallow, paraffin, 
or rubber. 

Pouring the Die.-A suitable mold having been obtained 
in the sand, the melted metal is poured in until the mold is 
full, when, if the Bailey or Lewis flask is being used, the top 
section is placed and the pouring continued until the desired 
thickness of die is obtained. 

The casting or die should stand until it is nearly cold 
before removing from the sand mold, as the metal vvhile hot 
is verv brittle and easilv broken or defaced. 

Maldng the Counter-ctie.-The die is placed upon the 
molding block, and sand built about it so as to cover all 
but the face; that is, the fac-simile portion of the mouth. 
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The sand is built out at nearly right angles to the die for two 
inches. A molding ring is placed about the imbedded die 
and pressed slightly into the sand. Sand is embanked 
about the encasing ring to the height of one-half inch. The 
counter-die metal is placed in a clean melting ladle or pot, 
and when half-melted removed from the fire and stirred 
until in a viscous or "mush-like" state, when it is poured or 
rather dumped upon the die. There should be about twice 
the quantity of counter-die metal melted as needed, because, 
being in a semifluid state, it cannot all be poured nor placed 
as accurately as if melted into a more fluid state. However, 
the excessive quantity, viscosity, and dumping will produce 
a perfect counter-die without danger of fusing the die. If the 
counter-die metal is liquefied and poured in a small stream 
upon the die, there is much danger that a portion of the 
surface of the die will be melted and the die and counter 
spoiled; and a portion of the metal so contaminated that it 
should not be used again for either a die or a counter. There
fore vmtchfulness vvhile melting the metal and pouring while 
the metal is in a viscoid state will save time, metal, and 
vexation. 

The die and counter-die should be cleaned of sand and ex
amined for and relieved of any excrescences on their svmging 
surfaces. These surfaces are oiled as a preventive against 
any of the base metal adhering to the metal being swaged. 

Gold suitable pattern for cutting the 
gold plate to size should be made. This pattern may be 
made of any thin pliable metal, as tinfoil or leadfoil. Tea
lead or tinfoil of about No. 20 serves well. The supply 
houses carry tinfoil in rolls designed for this use. A piece of 
pattern foil is placed upon the die and nicely conformed to its 
surface by pressure of the fingers and thumbs; it is removed 
and trimmed to the outline of the desired base-plate. The 
pattern base-plate is then placed upon a flat surface and 
pressed, but not rubbed, to flatness. 

Gold plate of a suitable composition, carat, and guage is 
selected for the work in hand, the pattern is placed upon it, 
and its outline traced with a sharp-pointed instrument. The 
plate is then cut to the outline of the pattern 1vith the plate 

27 
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shears. It is expedient for the inexperienced workman to 
cut the gold i of an inch larger than the pattern as an offset 
to inaccurate manipulation. The excess gold will be trimmed 
avmy after swaging and saved as scrap. ·while it is not 
essential, it is advisable to cut the gold so that the fiber 
(crystals elongated by rolling) shall be across the denture. 

The gold, having been cut to pattern, is annealed by 
heating to a cherry-red heat and cooling in water. It is well 

FIG. 282 

to reanneal the metal two to four times during the swaging 
process. After the metal has been upon the die it should be 
wiped to remove the oil and any adhering base metal that 
may be upon its surface before heating. 

The gold is conformed to the die with a horn mallet or 
one tipped with rubber (Fig. 282). For a full upper base
plate the conforming is begun at the centre and extended 
in concentric rings outward, Care must be exercised at all 
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times not to permit the gold to "buckle," that is, fold upon 
itself. Should a fold begin to form, it must be straightened 
out with pliers, annealed, and then malleted from the inner 
end outvYard. The plate should be well conformed to the 
Yault before any attempt is made to carr~' it be~·ond the 
crest of the alYeolar ridge. In fact, it is ·well to haYe a half
counter-die (one made to coY er the Yault portion of the 
die ·on!~·) and swagc the Yault portion before endeaYoring 
to adapt the plate to the labial and buccal surfaces. The 
S\Yaging is done with a heavy swaging hammer. A few dead 
blows should be used. The horn mallet is used with a light 
elastic blow, thereby marring the gold the least, whereas the 
swaging hammer is used with a dead pushing blow, thereby 
conforming without a backward spring, and with less harden
ing of the gold. In swaging difficult cases, that is, high Yaults 
and heaYy undercut ridges, it is well to clamp the plate and 
half-counter to the die with a C clamp (Fig. 2!-):)) while 
carrying the labial and buccal flange to place ·with the horn 
mallet. (This illustration shows a full lower base-plate.) 
For this part of the conforming a horn mallet with the small 
end filed to a blunt edge is preferable. Should the die be of 
the V-·shape type the conforming ma~· be more easily done 
b~· slitting the labial flange in the median line near!~· to the 
crest of the ridge. The edges arc permitted to oYerlap, and 
later arc soldered. The base-plate being well conformed 
with the horn mallet, it is wiped of oil and base metal. As the 
plate must be annealed before the heaYy swaging, it should 
be thoroughly inspected for evidences of adhering base metal 
from the die. Should any be detected that cannot be wiped 
away, it must be "pickled." The pickling is clone by boiling 
in a solution of nine parts of water and one of sulphuric acid, 
in a copper acid pan. (In forming the pickle pour the acid, 
a little at a time, into the water. An explosion is liable 
to occur if the vmter is poured into the acid.) The base
plate having been \Yell conformed with the mallet, it is placed 
in the oiled counter-die and struck a heavy, dead blow. 
It is then remoYcd from the counter-die and inspected. 
If a buckle is forming, it should be corrected with the pliers 
and mallet, then returned to the counter-die and struck one 
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dead blow and again remoyed and inppccted. \Vhcn the 
buckling tendency ceases it is thoroughly s1vaged. 

It should be apparent to the student that a metal base
plate conformed and swagcd over one die cannot accurately 
fit the mouth for the reason that the force of all the blows 
struck upon the base-plate must be received upon the high 
points (ruga~ and ridges) of the die; therefore the elevated 

Fw. 283 

portions of the die are compressed or "battered clown." 
This condition can only be offset by annealing and SI'Vaging 
in a well-oiled second die and counter-die. 

When molding, tvvo dies and counters should be formed, 
the better die and its counter to be reserYed for the final 
swaging. If a very stiff base-plate material (as clasp metal) 
is being swaged, three or more dies and counters will be 
required. 
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Swaging Full Lower Base-plates.-The gold cut to pattern 
is annealed and grooved with the plate benders (Fig. 284), 
then conformed to the oiled die, beginning upon the lingual 
side of the ridge. \Vhen the base-plate has been malleted 
for some time it may seem quite recalcitrant, and it should 
then be cleaned, annealed, and swaged one stroke in the 
counter, which ·will much aid the conforming ·with the mallet. 
In a high-ridged case a half-counter-die, covering the lingual 

FIG. 284 FIG. 285 

surface only, will be useful (Fig. 283). The swaging 1s 
accomplished in the same manner as for the upper. 

Swaging Partial Cases.-Fig. 285 shows a properly shaped 
model. The teeth stumps should be about 3\ to l 6 of an 
inch long, just enough to giYe and keep a clear outline of 
the teeth, about which the base-plate is fitted by swaging, 
nipping with the plate nippers (Fig. 286), and filing with a 
rat-tail or half-round metal file (Fig. 287). 
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The counter-die for partial cases should extend but little 
farther than the face of the die. Many operators imbed the 
die for both partial and full cases in the counter. This 
practice is worse than useless, because it is a trouble maker. 
In forming the counter-die, all portions of the die not desired 
to be coYered with the counter are imbedded in the molding 

Fro. 286 FIG. 287 

sand. For half-counters the sand is built flush with or 
a little higher than the crest of the alveolar ridge, when a 
small molding ring is set in place and the counter-die metal 
poured into it. 

Doublers.-A doubler is a piece of metal fitted and soldered 
to the lingual surface of the base-plate to give adclitional 
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strength and rigidity. These are specially required for 
partial cases. The doubler is usually formed of the same 
carat and gauge gold as the base-plate, although it may be 
formed of a more rigid alloy than that of which the base-plate 
is being formed, especially if a very high carat gold is used. 
The doubler should be placed so as to receive the greatest 
strain that is placed upon base-plate; and to interfere 
with the tongue and speech as little as possible. The doubler 
may cover but a small portion of the base-plate or it may 
coYer nearly the whole surface. It should be at least enough 
smaller than the base-plate to form a ledge upon which the 
solder is placed while soldering, and thentby forming a less 
noticeable joint. 

J<'IG. 288 

Forming the Doubler.~A pattern is formed by pressing 
with the fingers a piece of pattern tin over the base~plate, 
and trimming to the desired form. The outline of the pattern 
is traced upon the sheet of metal to be used, then cut with 
the plate shears. The doubler is conformed by the mallet 
to the first die and swaged. It is then cleansed, annealed, 
placed upon the base-plate over the second die, and swaged. 
The edge is then filed to a bevel with the bevel on the outside 
of the doubler. This bevelling is to aid in the finishing, 
as the joint between the doubler and base-plate should be 
as nearly imperceptible as possible. The base-plate and 
doubler having been cleansed by pickling, the under surface 
of the doubler is smeared with a fine ground or liquid :flux, 
clamped to the base-plate with wire clamps (Fig. 288) and 
soldered. 
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TECHNIC OF GOLD SOLDERING. 

The necessary equipment for soldering gold is not large, 
but should be well chosen and their properties and use well 
understood. The necessary equipment consists of a good 
investment compound, holders or supports for the work, 
flux, and a blowpipe. 

Investment Compound.-There are a number of good invest
ment compounds on the market. One made after the 
formula given on page 385 will meet every requirement. 
The investment should withstand the heat to which it 
will be subjected without fusing or cracking, and it should 
conduct heat readily. Lnfortunately the bond (plaster of 
Pa1:is) that is used in the investment compounds fuses at 
a low temperature (1100° F., Price), shrinks badly, and is 
a poor conductor of heat. Therefore only enough plaster 
of Paris should be used to give binding strength. The com
pound should have as few basic ingredients as possible, be
canse it is a well-known metallurgical fact that two or more 
high-fusing basic substances may at a moderately low tem
perature form low-fusing compounds. Another factor to 
be taken into account in selecting an investment is that a 
material in a fine state of subdivision is more fusible than 
m a coarse. 

Holders.-Holders are of t\Yo types, as blocks composed 
· of charcoal, asbestos, or magnesia; and appliances serving 

the double purpose of holder and heater. 
The charcoal block is chemically treated so that it burns 

only while in contact with a flame, therefore is safe to use 
in the laboratory. This is not true of a block of ordinary 
charcoal. The charcoal block is the best made for certain 
purposes, as it adds to the heat of the blowpipe flame and 
aids in deoxidizing metals. Its disadvantages are that it is 
black, brittle (both overcome by encasing), and is rapidly 
consumed. It is not suitable as a support for metals to be 
oxidized, nor working platinum. The asbestos blocks are 
cleanly, durable, and fire-proof, but otherwise nothing to 
commend them. The magnesia blocks are compact, cleanly 
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li'IG. 289 

FIG. 290 
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to handle, quite durable, and so soft that some forms of work 
may be imbcddcd in its surface and thus be better supported. 

Figs. 289 and 290 show two combined supports and heating 
appliances. 

Flux.--Term derived from fluo, flnxus, to flow, and is 
applied in metallurgy to those substances that cleanse and aid 
the flow of metals. In hard soldering (solder that requires 
a rd or higher heat to melt) the alkali salts (preferably 
sodium borate (borax)) are used to cleanse the surface to 
be soldered by absorbing the oxides and preventing oxida
tion and making fluid the solder. For soft soldering (solder 
that requires less than red heat) zinc chloride and organic 
substances, as stearic acid, rosin, etc., are used. 

Blowpipe.-The blowpipe is an instrument of simple and 
complex construction, for directing, increasing the heat, and 
concentrating the flame in metallurgical work. 

The mouth blowpipe is of the simple type, and consists of 
a tapered tube either straight or bent, and is operated with 
the mouth by forming a bellows of the cheeks. This is an 
excellent instrument for light, quick service. However, it is 
questionable if it is profitable for the student to spend his 
time in mastering its technic, especially for large cases, 
when there are so many excellent mechanical devices for 
doing this work. 

The mechanical blowpipe is more or less complex. There 
are many forms of this instrument designed to develop 
certain features for its use. As these various forms are 
described in all the reference books on prosthesis, one only 
will here be shown as an illustration. 

The "Automaton" (Fig. 290) is designed to be and is to 
an extent automatic. Gas is admitted to the pipe by the 
anterior tube and air by the posterior tube. The pipe is 
equipped with a sliding arrangement of its barrel, which 
automatically regulates the quantity of gas and air, provided 
the supply of gas and air are under suitable pressure. 

The air blast is furnished either by a foot bellows, a 
compressed-air tank, or power a~r pump. A very ingenius 
and efficient air pump known as the "Vernon Hotary Com
pressor" has recently been put upon the market by the Lee 
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S. Smith & Son Company. It is only 3 inches high, H 
inches thick, and vvcighs t\vo and one-half pounds. It is 

Fro. 291 

designed to be coupled to the electric lathe or any small 
povver in the office. Fig. 291 shows the complete machine 
and Fig. 292 its internal construction. · 

FIG. 292 

Use of the Blowpipe.-On page 232 the Bunsen burner is 
described as a tube \Yith an opening near the bottom for 
the admission of air to the gas by natural draft. In the 
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blowpipe the air is forced into the flame, which gives a 
greater range of possibilities. The object of the flame is 
to produce heat. Heat is a result of chemical action mani
fested in the oxidation of the carbon and hydrogen of the 
fuel. It is obvious that oxidation can be controlled, hence 
the degree of heat and its usefulness. Therefore the object 
of the blowpipe is to create, direct, and control heat. The 
blast of air increases the amount of oxygen, the rapidity 
of oxidation, and heat up to a certain point, after which 
an increasing blast cools the combining gases until the tem
perature is reduced below the ignition point and the flame 
is extinguished, "blown out." It is impossible for the 
operator to tell when he has reached exactly the highest 
degree of heat and the flame is beginning to cool. However, 
he knows that a ;rellov,r tinge indicates carbon imperfectly 
combined with oxygen, and that the blue color in the outer 
two-thirds of the length of the flame indicates perfect com
bustion and that the point of highest temperature is being 
approached or passed. (The flame is always blue at its 
base, but this is because the carbon has not yet reached the 
yellow stage.) Therefore a yellow flame indicates a com
paratively low degree of heat, and that as the blast is in
creased the temperature increases with the disappearing 
yellow col or; that the succeeding blue col or indicates perfect 
combustion, and that the temperature is increasing until 
the highest degree is attained, and then an increasing blast 
chills the flame until it is below the ignition point and 
extinct. 

The blowpipe flame, like the Bunsen flame, has three 
zones: the inner or gaseous zone, the middle or combustion 
zone, known as the reducing flame, and the outer mantle or 
oxidizing flame. The diagram shown in Fig. 293 illustrates 
the three zones, A, B, C. \Vork to be heated and soldered 
should be placed in the reducing flame at B' B', where it 
will be heated, cleansed of any oxides, and the solder nicely 
flowed; but if the work is placed at 0' C' or advanced to C 
the work will be made dirty by oxidation and be endangered 
by burning. The soldering can be done at this portion of 
the fla,me only by the use of an excessive amount of flux. 
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The flame is used either in the form of a brush or a needle. 
These are easily produced with a mouth blowpipe by having 
the nozzle outside of the flame for the brush form and in for 
the needle. The same results are obtained with the auto
maton by using a large flow of gas and light air-pressure for 
the brush and a small flow of gas and a moderately heavy 
air-pressure for the needle flame. 

Fro. 293 

SOLDERING ATTACHMENTS TO THE GOLD BASE
PLATE. 

There are three classes of attachments, known as strength
eners, finishers, and retainers. 

The strengthener may be in the form of a doubler or 
wire. The wire strengthener may serve as a finisher, while 
the finisher is always a strengthener. 

base-plate and doubler having 
been pickled and thoroughly cleaned, the doubler is smeared 
on the under surface with a fine-ground cream or paste of 
borax. (If desired the proprietary fluxes in the supply houses 
may be used. They are composed principally of borax.) 
The base-plate and doubler are firmly pressed together and 
clamped with wire clamps. (See Fig. 288. These clamps 
are formed of soft-iron wire, guage 15.) Solder, tv'lO carats 
lower than the base-plate, is cut in pieces l by ·~ or i by i 
of an inch, fluxed, and placed upon the base-plate at the edge 
of the doubler for one-half of its circumference. The work 
is supported upon a soldering block, preferably of charcoal, 
with the solder-decked edge elevated. The yellow-tinged 
brush flame is applied to the base-plate and doubler with 
the greater heat at the farther side of the doubler from the 
solder. This will cause the solder to flovv between the base-
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plate and doubler and completely fill the space between 
them. The solder flmvs between the two plates of metal in 
place of running away, because of three physical laws, as 
follows: (1) Solder ahvays flmvs to the hottest point. (2) 
Capillary attraction. Cl) Gravitation. Should every por
tion of the joint not be filled at the first flush, more solder 
should be added, at the deficient point, and flowed. ::\ o 
attempt should be made to remelt the first flush of solder. 
The case is pickled to remove the flux and reswaged in the 
last die and counter by two or three dead blows of the 
svvaging hammer. 

Soldering Ji'inishers.--A gold base-plate that is to have the 
teeth attached with vulcanite should have a finisher provided 
for the joining. However, the finisher is often omitted as a 
means of saYing labor and expense, but always at the expense 
of strength and perfection. The {1nisheJ' may be in form, 
either thin plate or wire. Cpon the buccal and labial surfaces 
the thin plate finisher may be formed either by turning the 
edge or soldering on a swaged piece of plate. Finishing the 
lingual surface of the joining with thin plate can only be 
accomplished by swaging and soldering an extra piece of 
metal. A wire soldered about the periphery of the joining 
is the neatest, strongest, and best way of forming a finisher. 

Turning the Edge of Base-plate.--If a turned edge of the 
labial and buccal surfaces of the base-plate is desired, the 
impression is prepared by making the required outline of 
the edge of the base-plate and carving away, at right angle 
to the median plane of the impression, the border of the 
impression to the indicated outline. This will result in the 
forming of a ledge upon the die that will turn the edge of 
the plate at right angle. The balance of the turning is done 
with pliers. 

Swaging and Soldering the Labial and Buccal Finishers.-For 
this purpose wax occlusion and contour models are obtained, 
the case placed on the antagonizor, teeth mounted, gum 
portion restored either with porcelain sections or wax; when 
an impression is obtained of the surface for which the finisher 
is to be formed, the model, die, and counter formed, and 
the finisher S\Vaged. The finisher will be in two sections, 
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each extending from the median line. The teeth and wax 
are removed from the base-plate in a mass by warming the 
under surface of the base-plate. The finisher, boraxed, is 
clamped to the base-plate with wire clamps, solder placed 
in the crevice and drawn outward by the blowpipe flame. 

The same procedure is required for forming the lingual 
thin plate finisher. However, the work is carried on at the 
same time (not after) as the buccal and labial finisher. 

This method necessitates much labor and mechanical 
skill, and when completed is neither as strong nor cleanly 
as the wire finisher. 

FIG. 294 

Wire Finisher.--This finisher is formed by using an 18 or 
possibly a 16 B. & S. gauge, 20-k, gold wire, and forming it 
to the base-plate. The conforming is done by bending the 
annealed IYire vYith the fingers and pliers so as to approxi
mate the periphery of the base-plate. Begin at either 

FIG. 295 

tuberosity and conform the wire for one inch, attach with 
wire clamps placed at both ends of the conformed portion, 
place a small portion (size of the head of pin) of boraxed 
solder at some point of contact, and melt. Continue the 
conforming and tacking an inch at a time until the \Yire is 
carried the entire length of the joining of the base-plate, and 
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vulcanite. The base-plate is placed upon the die and the 
tacked wire closely adjusted to the base-plate for its entire 
length. This may be done with a plate burnisher (Fig. 29'1 
is the Prothero, and Fig. 295 is the Wilson plate burnisher), or 
a small copper riveting hammer may be used. The base
plate is removed from the die and inspected for base metal. 
The crevice is smeared with flux and a generous quantity of 
solder placed along the upper edge (as supported on the block) 
of the wire for its entire length; it is supported on a soldering 
block and the yellow-tinted blowpipe flame applied care
fully over the whole surface of the base-plate until the flux 
is dry, when the flame is placed at either tuberosity and 
concentrated at the lower edge of the wire, thereby fusing 
and drawing into place the solder, advancing piece by piece 
until all is fused. 

FIG. 29() 

FIG. 297 

Retainers.-Retainers are loops soldered to the base-plate, 
about which the vulcanite is attached. It is obvious that the 
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greatest efficiency of the retainers is at the periphery of the 
joining. They are formed of wire, or narrow strips of scrap 
gold plate, conYoluted. The com·oluted strip or wire is 

FIG. 2lJi::: 

damped to the base-plate and soldered. Figs. :29(i and :297 
show a gold base-plate, with the Yuleanite remoYed, that vms 
worn for some years. Figs. 29~ and 299 show a completed 
denture. 

Fro. 299 

Warping in Soldering.-The base-plate is subject to ~warping 
by unequal expansion of the metal while soldering. This 
can hardly be an)ided. Base-plates are often unnecessarily 
warped by damping to the soldering block with a spring 
damp. \Yhen all metal attachments haYe been made to the 
base-plate it is placed upon the die and inspected; if any 
rocking or springing appears as pressure is applied on dif-

28 
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ferent portions of the base-plate, it should be placed in a 
swaging machine, as the Parker shot swager, and reswaged. 

The base-plate is now tried in the mouth, and if satis
factory, wax is built upon it for the occlusion and contour 
models; when the subsequent procedures are the same as 
for a vulcanite denture. 

Soldered Gold Artificial Dentures.-Prior to the introduc
tion of vulcanite the teeth were soldered to the base-plate. 
This necessarily was a very unsanitary appliance. There 
is no logical or practical reason why such a denture should 
be inserted at this stage of the development of dental pros
thetics. However, there are a few cases in which a modified 
form of the method may be of the greatest service. Fig. 

Fw. 300 

300 shows the lingual surface of such a partial denture. The 
patient for whom this appliance ~was constructed had a very 
long upper lip and the lower teeth shut very close to the 
upper gum. Facings were backed \Vith 26-gauge clasp 
gold, backings closely fitted to the base-plate, invested, and 
soldered. The labial gum restoration was made with 
vulcanite. Fig. 301 shows the labial aspect of the same 
case. 

There are some partial cases which require no gum restora
tion, that because of the close shut will require a metal
back facing soldered to the gold base-plate; or if the base
plate is to be vulcanite a metal tang of clasp metal is soldered 
to the backing of the facing and extended backward into the 
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vulcanite base-plate. Fig. 302 shows such a facing backed 
and tanged. Bicuspids for very close shut cases may be 

Fro. 301 

provided with a porcelain-faced gold dummy (such as is used 
in bridge-work) soldered to the base-plate. For molars the 
facing may be better omitted. 

Fro. 302 

Soldering Porcelain to Metal Base-plate.--This '.'Wrk requires 
that a stiff rigid plate of metal be closely fitted and attached 
to the facing \vith solder; or the facing may be backed with 
either 35-gauge pure gold or platinum, invested and con
toured with 22-k solder. The facings, hmYever backed, are 
adjusted to the base-plate and soldered. 

Fitting the Backings.-Tinfoil patterns are made of the 
backings and traced upon the gold to be used. It is well, 
as a precaution against inaccurate workmanship, to punch 
the pinholes before cutting the backing from the stock 
piece. The English double punch (Fig. 303) may be used 
and punch both holes at the same time, or the single punch 
(Fig. 304) may be used and punch the holes separately. 
If the double punch is used the tooth to be backed will 
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adjust the punch, while with the single punch the plate 
must be marked for the punch. This may be done by slightly 

FIG. 303 

smearing the metal with 1vax and pres;.;ing the pins of the 
tooth into it, or tinfoil punctured b:~ the pins of the tooth 
may be laid upon the metal as a guide to punching. The 
backing is conformed to the facing as closely as possible 

FIG. 304 

by bending. The edges are filed to a benl and burnished 
to the facing. The facing and its backing are temporarily 
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held together by turning down a shaving from the side of 
the pins made by a cut ~with a sharp knife or chisel. 

Investing and Heating.~-The teeth backed and luted to 
the base-plate are removed from the plaster cast, invested 
with investment compound to a thickness of t tci ~~ inch. 
The investment is thoroughly dried, and while warm a small 
amount of flux, rubbed to a cream or mixed \Yith vaselin 
is applied to the joints and pieces of fluxed solder placed 
upon the joint, also a small piece rested upon each pin so 
as to unite the pin and backing. The invested case is placed 
upon a combined supporter and heater (Fig. 290), and gradu
ally heated until it has attained a dull red heat. The por
celain must be heated up through the investment rather 
than through the metal backing. In other V\·ords, the por
celain must expand in advance of the metal pins to avoid 
cracking. The work having been heated to a dull red state 
is ready for the blowpipe. The yellow-tinted brush flame 
is played over the investment and gJ'adually brought over 
upon the metal, and the brush fiame continued until the 
solder begins to melt, when each piece of solder is touched 
consecutively ~with the blue needle fiame and thoroughly 
flowed. Should any portion of the work require a large 
amount of solder after the first tacking, it is best done by 
feeding into the i1ame, held at the point to be filled with 
solder, a long strip of fluxed solder held in clamped tweezers. 
Care must be exercised not to hold the flame at one point 
long enough to melt the \York. This is accomplished by 
interruping the flame contact. 

Cooling the Investment.--The fire is withdrawn and the 
case permitted to stand until· cold. :'\o precaution is re
quired, except to protect from drafts of air, as too rapid 
radiation of heat might craze the porcelain. The investment 
compound is a poor radiator of heat, therefore retains the 
heat and permits the metal to cool in adYancc of the porcelain. 
The cracking of porcelain in soldering is largely due to ex
panding the metal pins in advance of the porcelain in heating 
up and cooling the porcelain in advance of the pins in the cool
ing-off process. Hence the principal time of danger of crack
ing is while heating up. 
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Partial Upper Dentures.-The base-plate is designed in 
outline to meet the requirements of the case. .Modern 
thought requires as little of the vault to be covered with the 

Fra. 305 

FIG. 306 

Fra. 307 
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base-plate as is consistent ·with strength and rigidity. Fig. 
305 shows a partial gold base-plate :fitted about all of the 

FIG. 308 

remaining teeth. Figs. 306 and 307 shmv a band base-plate 
with as little surface covered as is consistent \Yith stability. 
The band should extend across and in proximity to the high
est portion of the vault. Fig. 308 consists of a cast saddle 

FIG. 309 

-vvith lugs. The clasps and swaged band are soldered to it. 
Fig. 309 shows the completed denture. 
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Partial gold base-plates may be constructed by either 
the swaged or cast method. However, as has been stated, 
the quality of adaptation is the only faetor of superiority 
of the cast O\"er the swagcd base-plate; and it is questionable 
if this closeness of adaptation is desirable; if contact with a 
smooth surface is not more acceptable to the contiguous 
tissues. As contact is almost a negligible factor in the 
retention of partial base-plates, the contact over the vault 
portion of the mouth may be ignored; except that sufficient 
contact must be had to prevent the sound waves of vocali
zation passing between it and the roof. 

Swaging.-Thc model, die and counter, swaging and 
reinforcement have been considered. Clasps as retainers, 
their form, location, and construction are discussed in 
Chapter VII, but adjusting the clasp to the base-plate will 
require attention. 

The partial base-plate with all of its attachments, save 
clasps, soldered is tried upon the die, and if found out of 
shape it is reswaged in the swager. The base-plate is then 
pickled and cleansed and adjusted to the mouth. Should 
its weight be too great for its retention by contact, the 
maxillary surface is moistened and sprinkled with powdered 
gumtragacanth and held in place for a moment until adhesion 
is established. A plaster impression is taken sufficient to 
cm:er the portions of the teeth to be clasped and the con
tiguous base-plate. Should the base-plate not leave the 
mouth with the impression, it is removed and replaced in 
the impression. Another plaster impression is taken, neces-· 
sarily of the teeth to be clasped only. This impression may 
be of the teeth individually or colleetively. The impression 
containing the base-plate is varnished and carefully filled 
\vith investment compound. The impression of the teeth 
only is varnished and filled with plaster or, preferably, Spence 
plaster compound. Some prefer filling this impression with 
bismuth allo;y, but nothing is to be gained over the Spence 
compound saYe time, and there is danger of contaminating 
the clasp metal with the base metal of the bismuth alloy. 
The Spence compound should stand about an hour before 
taking from the impression, and tht'll another hour or more 
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to harden. The clasps are formed oYer the Spence com
pound casts, as instructed in Chapter YII, and adjusted upon 
the inYestment compound east containing the base-plate. 
Contact must be had between the clasp and base-plate either 
by proximity or another piece of metal called a standard. 
Sometimes two standards are required (see Chapter VII). 
If the base-plate is securely caught in the i1westment com
pound east and the clasps arc securely held by their inherent 
elasticity, no further i1westment will be required; but if 
the parts to be soldered are not securely held, the east should 
be saturated with water and ilwested with the spaces for 
soldering as wide open as possible. The case is \'>'ell dried, 
the joints supplied with flux and solder, and heated; rapidly 
if desired, as there arc no poreclains to be considered. If 
the clasp and base-plate arc to be connected b:' a standard 
the upper end should first be soldered, as otherwise the 
contraction of the solder about the lmYcr end of the standard 
is liable to pull it avYay from the clasp. The soldering com
pleted, there being no porcelains attached, the case may 
be rapidly cooled by placing in water. The metal is then 
pickled, when it is ready for the Yulcanite superstructure .. 
The base-plate without porcelains ma:' be rapidly pickled 
by heating near!:, to redness and quenching in the pickle 
bath. 

Casting.--+igs. 30G and ;)()7 show two Yiews of a cast base 
for a partial upper denture. The only trouble with such a 
base-plate is that it is crystalline, flexible, inelastic, undul~, 
hcaYy, and destined soon to be out of shape. l\loral: Don't 
dezmnl 11pon the casting method fm gold base-plcdes. A 
former statement will bear repeating. The casting method 
is .unsuitable for full-gold base- plates, bands, bars, and 
clasps. (The case shown is a combination of cast and solder 
methods.) It is suitable for small saddles which are to be 
reinforced with Yulcanite or soldered attachments. As gold 
casting will be elucidated in other books of this series, it is 
mmcccssary to encumber these pages with that \Yhich has 
small practical bearing upon this department of dentistry. 
IIoweYcr, a few general remarks arc rclcyant. 

The \Yax-modcl base-plate should be formed as near like 
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the desired finished piece as possible, thus saving stock and 
labor. Two or more sprue-hole or feed-gate formers should 
be attached at the highest elevations; and other high eleva
tions liable to form air pockets should have vents provided. 
(The vents should not be provided for the vacuum method 
of casting.) The feed gates in size should be in direct ratio 

FIG. 310 

to the size of the mold up to the extent of practicability. 
The fluidity of gold should be in direct ratio to the amount 
of gold to pass through a given size sprue hole. By what
ever method the gold is cast, pressure should be maintained 
until the gold is crystallized. The method advocated for 
casting aluminum, that is, the feed gate to enter at the 
bottom of the mold, is not applicable for gold, because of 
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the great specific graYity and the correspondingly small 
feed gate permissible. Fig. 310 shm'i·s a wax model for a 
saddle base-plate vYith suitably arranged feed and vent sprue 
formers. 

LOWER DENTURES. 

Partial lower dentures may be made with a band of 
vulcanite (Fig. 323) on the lingual aspeet of the remaining 
natural teeth; or with a band of reinforced gold (Fig. 311); 
or with a bar as shovvn in Fig. 314. The bar has the merit 
of being less cumbrous and interfering with the adjacent 
tissues the least of any method yet devised. The method 
is gwwing in popularity with both patient and practitioner. 

FIG. 311 

Technic.-The saddles may be made of either swaged or 
cast gold. (There is probably no place where the cast base 
is as applicable as for these cases.) In either case the bar 
should be made of clasp gold wire soldered to the saddles; 
after which the clasps should be formed and soldered to the 
saddles. As the bar with vulcanite saddles are the most 

. commonly made, its technic will be sufficient for the 
method, as the slight modification required for the metal 
saddles will suggest itself to any workman's mind. 

MateriaL--No. 12 B. & S. gauged clasp gold wire is the 
material used. Should it be apparent that unusual strength 
will be required, No. 11 gauge wire may be substituted, 
or t\vo wires of No. 15 or 16 gauge, soldered one above the 
other, will serve well the purpose. 

Single Wire Method.-A plaster impression is taken and a 
Spence compound cast obtained. (Care should be exercised 
not to deface this cast, as it is the only one required to 
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complete the denture.) Hetaining clasps are fitted to the 
teeth to be clasped. A line is marked upon the lingual 
aspect of the cast to indicate the position of the lower edge 
of the bar. The bar must be kept high enough not to inter
fere with the frenum lingua or other soft tissues of the floor 
of the mouth. A roll of soft wax is conformed to the cast 
so that its upper surface will form a ledge parallel with the 
line marked for the bar. This ledge of wax is for convenience 
in shaping and supporting the bar. A bar, sufficiently long 
to extend at least ~ inch into each saddle, is annealed by 
heating to a dull cherry-red and quenching in vvater. 
This is bent 1\"ith the fingers and a pair of pliers having one 
oval-faced beak. The bending is continued until the bar 
rests upon the edge of 1n1x and is from :l:r to ( 6 of an inch 
from the cast. If the 1vire is nearer the soft tissue than i 2 
of an inch there is much danger that it will in time become 
a source of irritation. The bar and clasps are removed and 
the cast is painted with liquid silex above the wax ledge and 
for ·~· inch beyond the clasped teeth. The clasps are then 
replaced v;ith just enough tension to hold them securely, 
and the bar set in place upon the ledge of wax. The clasps 
and bar arc then lutcd together with a hatter of quick
setting plaster, the plaster extending from one clasped tooth 
to the other. The plaster luting should rest upon the lingual 
aspect of the intervening teeth only to give body to the lute. 
When the luting plaster has become hard and strong, it is 
remon~d from the cast. It will hold the bar and probabl,y 
both clasps. However, should any one or all three of the 
pieces of metal be parted from the luting they arc easily . 
replaced and fastened with a little \Yax. Fig. ::\12 shows 
the luting plaster with the clasps waxed in place. The plaster 
lut'ing is. varnished vvith shellac and sandarac and covered 
with investment so as thoroughly to hold and support the 
bar and clasps. Fig. 313 shows such an investment 1:vith the 
luting plaster cut away and the clasps and bar united with 
standards. Fig. 314 shows the same case removed from the 
investment and placed upon the Spcnee compound cast. 
The remainder of the work of construction is nlicanite work, 
and should need no further description. 
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T'w. 313 

Fw. 3H 
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Double Wire Method.-Fig. 315 shows the two wires of 
No. 16 gauge united with -vvax. They are removed and 

FIG. 315 

invested as shown in Fig. 316, soldered together with 18-k 
or 20-k solder. This bar is then luted with plaster to the 
clasps and soldered as previously described. 

FIG. 316 

Too Close Fitting Bar.-Dr. S. Marshall Weaver describes 
a method for bending back the bar when unfortunately it 
presses into the soft tissues. A little wax is melted upon the 
bar opposite the impingement. The denture is then invested 
in Spence compound, heavily covering all but the portion of 
wire opposite the -vvax or that portion impinging upon the 
soft tissues. When the Spencc compound is thoroughly 
hard the bar is bent into the space formed by the wax, with 
a punch and mallet. 
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SOME PRACTICAL CASES. 

A few practical cases will offer suggestions to the student 
for improvising gold attachments for special cases. 

Fig. 317 shows a cast with clasps attached. Fig. 318 shows 
the same case waxed ready for Basking. 

Fig. 319 shows a partial upper vulcanite to supply the 
teeth distal to the cuspid on one side of the mouth, with all 
the remaining upper teeth closely articulated (knuckled). It 
was necessary to clasp the cuspid, carrying it slightly under 

FIG. 317 

the gum, as that was the only way of getting a grip on the 
tooth; besides, the natural gum was exposed when laughing, 
necessitating the clasp being accurately fitted and appearing 
as a cervical filling. The attachment for the other side of the 
mouth consisted of a crib formed by fitting a piece of clasp 
gold plate upon both the buccal and lingual surfaces of the 
first and second molars, and these joined ·with a U-shaped 
staple of half-round 11-gauge clasp gold ·wire resting in the 
groove bet\yeen the molars. 

Fig. 320 is a bar lower for the same mouth. The teeth are 
missing from the cuspid backward on the opposite side of 
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FIG. 318 

Fro. 31\J 

Fro. 320 
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the mouth from the upper ::lhown aboYe. This case required 
a clasp upon the cuspid. Fortunately there >vas a space 
between the :second bicuspid and molar, so the crib was 

FIG. 321 

formed with a clasp upon both the bicuspid ami the molar, 
with a lug resting upon the occlusal surface of the molar. 

Fig. :321 shom; the two central incisors with tvvo staple 
cribs. 

FIG. 322 

Fig. :322 sho\vs crib and clasp ready for constructing a 
vulcanite denture. These ·cribs were necessary because 
attachment had to be made to a fixed bridge. 

29 
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Fig. 323 shows a partial lower case with gold clasps 
carrying three natural lower incisors. This method is 
possible when the teeth are recently extracted and free 
from decay. Teeth by this method are usually those lost 
by p,yorrheal conditions. The natural teeth must not be 
put through the vulcanizer, as the heat and sulphur will 
completely disintegrate them. The tooth or teeth are cut 
off the desired length to fill the space and the pulp chambers 
enlarged to loosely admit a 16-gauge clasp gold wire. If 
the tooth is to be attached to a gold base-plate, the wire 
should be aligned and soldered to the base-plate and the tooth 
ceme~1ted to the pin with oxyphosphate of zinc. If the teeth, 
as in the case, are to be attached to a vulcanite base-plate, 
a small piece of gold plate is soldered upon the end of each 

FIG. 323 

of the posts. The cervical end of the teeth are vvet with 
water, placed upon the posts, and imbedded and aligned in 
the softened wax. The wax is conformed and smoothed 
about the teeth, which are lifted off the posts, and the case 
completed in vulcanite. Fig. 324 shows the vulcanite base
plate ready for cementing the teeth. 

Fig. 325 illustrates the metal portion of a bar lower with 
a cast shoe for the left bicuspids and molars, a half-cope 
for the right second bicuspid, and spring clasps for the right 
second bicuspid, left second bicuspid, and left second molar. 
A tang is also shown for attaching the missing incisors. 

Fig. 326 is a bar lower having two incisors attached with 
vulcanite to a tang. It may be seen that the attachment 
to the right second bicuspid consists of a cope and spring 
clasp. 

Fig. 327 has a cast ferrule telescoping three crowned teeth. 
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Fig. 328 illustrates the method of reinforcing the tang of 
the clasp. The tang is attached to the clasp, as shown in 

FIG. 324 

Fw. 325 

Fw. 326 
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Fig. 183, and then conformed to the east. It is remon:'d from 
the cast, supported upon the magnesia soldering block, and 

FIG. 327 

the reinforcement of wire or· a piece of scrap gold plate 
soldered on. This reinforcement is necessar:· to prevent the 
clasp (in time) breaking from the tang. 

FIG. 321:\ 

REP AIRING GOLD PLATE WORK. 

If the denture to be repaired is soldered work only, it is 
repaired by investing and soldering. If it is combination 
work of gold and vulcanite and the gold is broken it will be 
necessary to remove the vulcanite, solder, and rebuild the 
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vulcanite portion. If it is a clasp broken, which often 
happens, it Imt~· usual!~· be repaired b~· fitting another clasp 
to the tooth, soldering a lug to it to fit into a filed grooYe in 
the. continguous Yulclmite,. and attaching with vulcanite. 

PARTIAL PLATE DENTURES VERSUS BRIDGE-WORK. 

rndoubtedly the trend of the times is toward the reYival 
of the use of partial plate dentures, and the elimination of 
fixed bridge-work. This is logical and just in view of the 
modern status of sepsis and asepsis and accepting as a fact 
the importance of the mouth as a focus of infection. During 
the year two notable contributions hav·e been made to dental 
literature on partial plate dentures. One by Dr. W. E. 
Cummer, 1 Professor of Prosthetic Dentistr~· and Applied 
Physics, Hoyal College of Dental Surgeons, Toronto, Can., 
and the other by Dr. J. vYright Beach,2 of Buffalo, K. Y. 

Professor Cummer presents a very complete system for 
partial dentures, consisting of direct and indirect retainers for 
saddle bases. These retainers consist of clasps, lugs-both 
rest and inlocking, and bars-both connecting and extend
ing; also crowns, inlays and the Hoach ball-and-slit tube 
attachment. 

A study of the follo-vving illustrations will explain the 
principles of use and suggest unlimited application. 

Figs. ~329 and :3:30, bilateral restoration, show the simplest 
form of clasp for direct retainer and extension rest stud for 
indirect retainer. 

Fig. 331 shows a more complicated application utilizing 
clasps, slotted inlays for studs and extension rest studs. 

Fig. 3:32 illustrates the use of the Hoach attachment as 
the direct retainer and a double inlocking stud as the indirect 
retainer, for a unilateral restoration. 

1 "Oral Health" (Toronto) iVIarch-April and June, 191G. Pacific Dental 
Gazett.e, .July, 191G. .Journal Allied Dental 8oeietie.s, September, HllG. 
Bulletin California State Society, :\'ovember 181G. D•cntal Summary, 
.March, 1917. 

'"Dental Summary" (Toledo), June, 191G. 
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WITHOIJT DENTURE DENTURE (UPPER) WITH DENTURE 

FIG. 329 . 

Fro. 330 

DENTURE (UPPER) WITH DENTURE 

Fro. 331 

Fro. 332 
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FIG. 333 

FIG. 334 

FIG. 335 
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The Deach S~'stem is essentially a method of retaining 
saddle bases of either vulcanite m gold by bars, clasps and 
stay:-:. The bars, clasps and stays arc all made of round and 
oval \Yire of 11 to 20 gauge. 

A close stndy of Figs. ;3;3;3, :3:34 and :3:\i) will be self
explanatory to the practitioners, and vvill suggest a variet.Y of 
modifications. For the helpfulness of the student it may be 
\Vel! to suggest that the festoon stays are made in units and 
the units added one at a time with solder, each clasp is also 
a unit. 



CHAPTER XII. 

TIN BASE-PLATE. 

TIIE cheoplastic or tin method for forming base-plates was 
given to the profession about 1855 by Dr. A. A. Blandy. 
Hecognizing that a casting process \Yould provide the most 
perfect adaptation, and that pure tin was an acceptable 
metal to the tissues, the profession readily accepted the 
method. The later methods have been somewhat more 
simple than the earlier one. 

The metal consists of tin allo~·ed with such metals as 
bismuth, silver, gold, and possibly cadmium and antimony. 
Several of the alloys on the market were proprietary, and 
their composition not published. The formulas of the 
published ones are: 

Kingsley's alloy: Tin, 16 ounces; bismuth, 1 ounce. 
Heese's alloy: Tin, 20 parts; gold, 1 part; silver, 2 parts. 
Bean's alloy: Tin, 95 parts; silver, 5 parts. 
\Yatt's and Vl7eston's alloys, proprietary preparations, are 

the principal ones on the market. These are both lo\v fusing 
(about 400° F.) and interchangeable in manipulation. The 
method is mostly confined to lower dentures. Since the 
introduction of successful casting of pure aluminum there 
will be less occasion for its use. As the aluminum casting 
is better understood, it should entirely supersede the tin 
alloys, as it is much stronger, more cleanly and durable than 
the tin alloys. 

Technic.- The same investment compound used for 
casting aluminum serves for the tin alloys. The necessary 
implements are a \Yatt fiask (Fig. :):)()) and a ladle or large 
spoon. 

The wax model is formed the same as for an aluminum 
base-plate, fiasked in the first half of the fiask (Fig. :3:37), 

( 457) 
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paying no attention to the gates Band Cat this time; and 
when the investment is hard, varnish and fill the second 
half, having the wax model vvet and jarring the investment 
compound vvell into place. The flask is opened the same as 
a vulcanite flask (Chapter VI) and wax removed. The 
investment material is removed from the funnels and a small 
and large gate cut as shown at B and C respectively. The 
two sections of the flask are placed over a piece of sheet-iron 

FIG. 336 

on the gas stove and dried until no steam is given off. They 
are then bolted together, and an ingot of the tin alloy melted 
in the ladle or spoon over a Bunsen burner and poured into 
the large gate until the metal appears at the small gate. 
Should there be any bubbling the flask should be grasped 
by the handle and lightly jarred against the bench until 
the bubbling ceases. The casting should stand until it is 
cold, and then be opened. However, after the metal has 
partially cooled, it may be placed in cold water and the 
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cooling expedited. The sprues are cut from the casting 
with a mechanical saw, and the filing done with a vulcanite 
file. It is polished the same as Yulcanite. 

FIG. 337 



CHAPTER XIII. 

CO:\TIKCOl'S GCl\I DEl\TCRES. 

BY this term is meant a base-plate of platinum, the outer 
surface of which is covered \\·ith a continuous layer of 
porcelain. 

It is true, the term might equally \Yell, or better, be applied 
to vulcanite en· celluloid; but the term was applied to the 
enamelled platinum before the introduction of the other 
materials, and is uni,·ersally accepted as applicable to the 
enamelled platinum only; therefore to call any other mate
rial by this name is a manifest deception. 

The French were the earliest experimenters in porcelain 
work for artificial dentures; but it remained for Dr. John 
All en, of Cincinnati, and later of X evv York City, to perfect 
the material and method of construction. He perfected the 
process in 18L1G. The furnace work of the early days vYas 
difficult and hazardous. vVithin a decade of the invention 
of continuous gum work vulcanite \Vas placed before the 
profession. Because of its inexpensiveness and ease of 
construction it nearly drove the mor~ expensive and better 
methods from the field. However, in the last quarter of a 
century the facilities for constructing dentures of the better 
ql)ality have been so much improYed that they are gradually 
coming into their own. So much so that any student who 
is desirous of equipping himself for practice among the better 
class of patients should be thoroughly conYersant with the 
construction and merits of continuous gum dentures. It is 
without doubt the most cleanly, healthful, and esthetic of 
any material or denture placed in the mouth. It is composed 
of mineral matter only and these of the greatest purity and 
compatibility to the human economy. The materials enter
ing into its composition arc platinum, iridium, gold, and 
high-fusing porcelain. 

( cf(l(J) 
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Porcelain.-Porl'elain suitable for this work is prol'urable 
at the supply houses. It is lmovYn as "Continuous Gum 
Body" and "Gum Enamel." The body is in, boxes contain
ing one ounce each, and the enamel one-half ounce to the 
box. Close's product (modified Alien formulas) is the one 

FIG. :>38 

most commonly used. The body fuses at 2::)00° F., and the 
enamel about 100° lower. They are of the same composition, 
\vith more flux, as porcelain teeth. 

Equipment.-For an office equipped for gold ~work nothing 
is required except a furnace for baking the porcelain. If 
the electric current is to be had, one of the various electric 
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furnaces upon the market is to be preferred; otherwise a 
gasolene-burning furnace, of which there are several makes. 

To Dr. L. E. Custer, Dayton, Ohio, belongs the credit 
of inventing and demonstrating the first dental electric 
furnace. His first demonstration was before the Ohio State 
Dental Society in 1894. Since that date other furnaces 
possessing excellent features have been invented, but none 
have surpassed the Custer furnace in scientific construction. 

FIG. 339 

Fig. 338 shows the furnace and illustrates the method of 
wiring so as to produce an economical and evenly distributed 
heat. 

An auxiliary instrument to the furnace is the pyrometer. 
To Dr. Weston A. Price, of Cleveland, belongs the credit of 
adapting this instrument to the dental furnace. Fig. 339 
shows the Price furnace and pyrometer complete. The 
instrument is the thermopile adapted to this special use, and 
requires little experience to fuse the porcelain well; however, 
judgment must be exercised even with this perfect instru
ment. Without the pyrometer the operator must depend 
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upon his eye to determine the heat. Either with or without 
the pyrometer the operator must have a definite method of 
manipulating the rheostat, and use judgment. The voltage 
of any current varies within certain limits, which will have 
an influence indicated by the pyrometer, and in connection 
with the rheostat can be better controlled than by the eye. 
Nevertheless, an operator of average discernment and ability 

FIG. 340 

should, with a little experience, be able to produce excellent 
results \vith an electric furnace, either with or vvithout the 
pyrometer. 

Fig. 340 shows one of the gasolene furnaces. 

TECHNIC OF CONSTRUCTION. 

Plaster impression, cast, model, die, and counter-die are 
required, the same as for a full-gold denture. 

A base-plate of pure platinum 32-gauge (B. & S.) is 
formed. Care should be taken (well-oiled die and counter) 
not to contaminate the platinum with base metal. The 
base-plate swaged and trimmed is tried in the mouth and 
tested for palatal length, and freedom from impingement 
upon the muscle attachments. The peripheral border per-
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feeted and the adaptation inspected, it is returned to the 
- die for forming a reinforcing piece for the palatal border. 

Should the adaptation not be satisfactory, it must be cor
rected, at this stage of construction, even to the extent, if 
necessary, of obtaining a ne\\' impression and constructing a 
new die and counter. 

The palatal reinforcement should be t of an inch wide in 
the median line and slightly taper toward and terminate at 
the tuberosities (Figs. :3J4 and >l45). This doubler is swaged 
of :m-gauge (B. & S.) pure platinum. After being swaged 
it is placed upon the base-plate and swagecl. The anterior 
border of the doubler • is turned up with pliers at an angle 
of 45 degrees so that in the finished piece the porcelain will 
be engaged under this edge of the doubler. The doubler 
will be distorted in bending the edge; this is corrected by 
wiping, pickling, annealing, and burnishing the doubler 
to the base-plate. The bending and burnishing are alter
nated until suitable adjustment is obtained. The base-plate 
and doubler are cleansed and clamped together \Vith wire 
clamps; pure gold, ~)5-gaugc, cut in small pieces, is placed 
without flux, under the turned edge and melted vdth the 
blowpipe so as to draw the gold as solder outward and 
perfectly attach the doubler to the base-plate. An 18-
gauge iridioplatinum wire is soldered with :35-gaugc pure 
gold to the periphery of the plate, from tuberosity to tuber
osity, in the same manner as wiring a gold plate. The 
charcoal soldering block should not be used, as carbon is 
detrimental to platinum. The magnesia or asbestos block 
will serve the purpose. Flux is unnecessar,y as a elcanser, as 
noble metals only are used; but it may serve to hold the 
solder in place. K o more gold should be used in continuous 
gum dentures than is necessary to unite closely fitted 
joints. Some advocate the use of platinum solder (gold 
with 20 to 25 per cent,. of platinum) and the oxyhydrogen 
blO\vpipe for soldering platinum for continuous gum den
tures. This is quite unnecessary, as the pure gold will alloy 
with the platinum base-plate while baking the porcelain; 
however, dose-fitting joints are necessar,y, probably more 
so with pure gold used as solder than with platinum solder. 
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The reinforced platinum base-plate is used in obtaining 
the wax occlusion and contour models, and mounting upon 
the antagonizor. Teeth suitable for the case (Figs. 215 
and 341) are selected and mounted in vYax. The case is 
ready for trial in the mouth. It should be inspected for 
adaptation, contour, and cosmetic effects, which being 
satisfactory, the case is _ready for soldering the teeth to 
the base-plate. 

FIG. 341 

Soldering the Teeth.-1 t is quite essential that the waxed 
trial denture should be well contoured to deYelop all the 
restorations required. A record is made of the thickness of 
the gum portion at the median line, at the centre of each 
cuspid eminence, and of the buccal contours (if any are 
required) by measuring with calipers and making indicatin 
marks on paper. The wax is cut awa~· \Yith a \\·armed wax 
knife, from the labial and buccal surfaces, lcaYing the wax 
on the lingual surface intact to support the teeth while 
im·esting (Fig. 342). 

An investment suitable for this work is composed of any 
coarse silica compound and approximately one-fifth of its 
bulk of asbestos; either the long fiber or the short (tenax) 
fiber may be used. A soft-·iron ,,_·ire ring of 15 gauge is 
formed to place about the denture in its largest plane and 
he free of contact by l inch at cYery point. A sufficient 
quantity (half-bowlful) of investment is wet up to a soft 

30 
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putty consistency. The intaglio of the denture is filled and 
a portion quickly spread over the labial and buccal surfaces 

FIG. 342 

Frc. :H3 
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of the teeth; the balance of the investment is spread on the 
Hat surface, upon which plaster casts are formed; the par
tially invested case, with its exposed surface upvvard, is 
pressed into it so that the most prominent points are CO\'ered 
b~, at least 1 inch; the wire ring is placed about opposite 
the cen'ical portion of the teeth; and the spatula used to 
draw the spread-out investment up over the wire ring and 
the morsal ends of the teeth, so that all will be strongly 
coYered. The wire serves two purposes, as a strengthener 
and as a guide to thickness. \'Yhen the investment is hard 
it is set in a warm place to dr~' and soften the wax, ,,·hich 
is picked out and the pins of the teeth bent upward. Fig. 
:3c!;) shows the invested case with the lingual surface of the 
base-plate and the teeth exposed; also some of the pins are 
seen bent upward. 

Reinforcing Wire.-A 12-guage iridioplatinum wire is bent 
to fit closely under the pins of the teeth and with the 
ends in contact with the tuberosities. The long platinum 
pins of the teeth are bent around the reinforcement ·wire, 
thus holding it securely in place. The ends of a truss wire, 
of iridioplatinum 18-gauge, is placed in contact with the 
reinforcing wire in the proximity of the cuspids, and with 
its centre resting upon the base-plate in the median line 
near the crest of the alveolar ridge. A small piece of pure 
gold (for solder) is placed at each point of contact of the 
wires, pins, and base-plate. The case is heated up to bright 
redness, \\·hen the gold is thoroughly fused with the neeclle 
flame of blo\Ypipe. Figs. :344 and :345 show two views of 
the case, soldered and removed from the inYestment; thus 

, giYing a better idea of the palatal reinforcement, peripheral 
finishing wire, lingual reinforcement, and truss wires as 
soldered together. The case should be tried upon the die, 
and if vmrped it must be readjusted by pressure with the 
fingers, and by the aid of the horn mallet, copper hammer, 
and plate burnisher. HoweYer, if the case has been properly 
handled there should be no warpage. The skeleton denture 
is cleansed with a laboratory plate brush and water. It is 
placed upon the antagonizor for assurance that the teeth are 
in proper occlusion. 
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It is apparent that the peculiar formation of the porcelain 
teeth, designed for continuous gum dentures, is for a purpose. 
The single long pin is to furnish a flexible attachment, and 

the root portion of the artificial tooth is to pr(}dclc contact 
·with the base-plnte; also as an aiel in contouring, and in 
controlling the shrinkage during the enamelling. \Vhen 

FIG. 34i5 

testing the occlusion if any of the teeth are found misplaced 
they may be brought into position b.Y bending the platinum 
pins, although soldered to the reinforcement wire. At the 
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same time the root portion of the tooth should be in contact 
with the base-plate; newrtheless, if either end of the tooth 

FIG, 316 

FIG, 347 
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is to be out of the ideal position, it should not be the morsal 
end. Fig. 346 shmvs a case wherein the apices could not be 
in contact with the base-plate and Fig. 347 shows the 
occlusion. 

APPLYING THE PORCELAIN. 

portion of continuous gum body (about i 
ounce) is saturated with water to the consistency of stiff 
mud, and a portion applied with a thin spatula to the base
plate about the apices of the teeth. The case is lightly 
held by the index finger and thumb of the left hand, and the 
body jarred and settled into place by tapping with a light 
instrument upon the periphery of the base-plate. :!\lore 
body is added and jarred until all space between the base
plate, reinforcement wire, and teeth is compactl:y filled. 
The excess moisture upon the surface, after each jarring, 
is absorbed with a napkin. The buccal, labial, and lingual 
surfaces are covered with the body; a portion at a time is 
covered with the napkin and compressed between the thumb 
and finger, the finger in apposition to the maxillary surface. 
Care should be exercised that no portion is more thickly 
covered than is desired for the completeq denture, and no 
attempt should be made at contour. Any body material 
upon the base-plate or teeth when not required must be 
removed. A pointed thin-blade spatula and a small ox-hair 
brush vvill be useful, also an artist's medium-small pencil 
brush moistened and drawn to a point (between the lips) is 
useful in making a clean-cut gum outline. 

Controlling Shrinkage.~As porcelain shrinks about one
sixth of its volume in fusing, it must be controlled, or the 
teeth will be drawn out of place. It is controlled by slitting 
the body so that it will draw about fixed centres. This is 
done with a thin spatula, cutting entirely through the body 
to the base-plate, thus making each tooth a fixed centre. 
Fig. 348 shows the lingual surface slit. Fig. 349 shows the 
large spaces formed on the buccal surface by the slitting, 
and shrinkage in baking. 

First Baking.--With a Custer furnace the case is placed 
in the furnace with the teeth upward. The lever of the 
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rheostat is advanced one stop and the case given ten minutes 
to dry, after which the leYer is advanced tvvo stops every five 

Fra. 34S 

minutes, and upon the last stop it is left for one to ten min
utes, as may be necessar~· to produce the "biscuit" bake; 
that is, granulated with a ver~· slight glazed appearance. 
The time will vary with the condition of the current and the 

Fw. 349 

number of times the furnace is opened for inspection. If a 
pyrometer is being used the lcyer must be advanced to bring 
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the heat to the desired temperature in a given time, which 
should be established for each current supply and furnace. 
E1·ery make of furnace \Yill furnish instructions for use. The 
current is turned off and the furnace opened for a minute or 
two to stop the fusing, \Yhen it is closed until cold. The 
denture is placed upon the cast, and if warped it must be 
corrected. The anterior edge of the palatal reinforcement 
is burnished dmn1. Checking of the body does no harm. 

Second Body.--The case, being cold, is ·wet and body 
applied to fill all spaces caused by shrinkage, jarred, and 
excess moisture absorbed \dth the napkin. Body is then 
added to form all contours. The crest of each eminence 
should be the full thickness of its corresponding calipcr 
record, for the shrinkage will provide space for the glazing 
enamel. Any large restoration will require exaggerated 
body additions, as the shrinkage will be greater than the 
enamel added. . . 

Second Baking.-Thc case is placed in the furnace, dried, 
and heated up the same as the first time, but carried to a 
higher degree of fusion than the first time (probably about 
ti0° F. higher). The fusion is checked, and furnace closed 
until cold. 

The case is examined for shrittkage; if there are small 
shrinkage spaces only they are filled in \Yith body and not 
baked, but if there are large creviees the case should be 
baked again at about the temperature of the first bake. 

Enamelling.-As all contours, including gum margin 
festoons, and rugae, with their corresponding depressions, 
were developed in the second coat of body, it is necessary only 
to place oyer the surface a smooth layer of gum enamel 
to produce the light and dark shading characteristic of 
artistically constructed continuous gum dentures. The 
entire surface of the body should be covered \Vith the gum 
enamel wet with >Vater and smoothed with an oval-faced 
burnisher. The gum margin must be neatly pencilled and 
all granules of the gum material removed from the teeth. 

Third Baking.---Ordinarily two bakings only will be 
required for the body and one for the enamel. The enamel 
coat should be heated up with the same care as the body 
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and fused until the surface has a "watery" appearance when 
looked at across the surface, in the hot furnace. The furnace 
is opened long enough to stop the fusion, dosed, and left 
until cold. 

FIG. 350 

Polishing .---The porcelain \Yill come from the furnace 
with a perfect polish, but the platinum may be buffed with 

.FIG. :351 

the felt buffer and pumice, and glossed either 1vith the soft 
brush wheel and whiting, or burnished. Figs. 3Ei0 and 351 
show the completed work. 
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Fig. 352 shows a continuous gum section of five teeth 
attached to a vulcanite base; also the clasps. 

FIG. 352 

REPAIRING. 

Continuous gum work lends itself to the most perfect 
repair of any artificial denture. It must be first burned out, 
that is, scrubbed with soap and water, invested completely 
in the silica-asbestos compound, heated up gradually to a 
high red heat so as to remove all organic matter; when new 
material may be added and fused securely to the old. 

A broken tooth may be repaired by building up with any 
of the moderately high-fusing enamels used in inlay work, or 
by grinding out the remains of the tooth, setting in either a 
continuous gum or vulcanite tooth packed with body and 
baked; gum enamelled and baked. At all bakings the same 
attention (as described) should be given to heating and 
tempering (cooling) the porcelain. 

Cracks are repaired by placing on a cast, chipping off the 
porcelain about the crevice, then fill and bake. . 



CHAPTER XIV. 

INTEHDENTAL SPLINTS. 

AN interdental splint is an appliance made of either metal 
or vulcanite and placed between the jaws to support a 
fracture of either or both the maxilla and mandible. 

Interdental splints in conjunction IYith submental com
pressors and occipitomental bandages haYc been used by 
surgeons in the treatment of fractured jaws since 1780. 

Drs. F. B. Gunning, of New York, and J. B. Bean, of 
Atlanta, Ga., were the first to describe methods of construct~ 
ing interdental splints of Yulcanite. 

\Vhen a dentist is called upon to construct an interdental 
splint it vvill be in consultation with a surgeon. He should, 
in justice to himself, make a critical examination of the 
case and determine if an interdental splint is indicated or 
if some other method will better serYe the patient. H the 
fracture is of the maxilla only, and the teeth are nearly all 
in sit11, it is quite probable that forcing the fractured portions 
into place and holding the hnrer teeth firmly against them 
with a cotton-padded external plaster splint and bandage is 
the preferable method of treatment. Fracture of the 
mandible m.ay be best treated b~· binding the teeth of the 
mandible to those of the maxilla with bands and wires 
designed for orthodontia purposes, in conjunction ·with an 
external plaster compress and bandage. If the patient is 
wearing a full upper and lmver artificial denture, the dentures 
may be securely united with Yuleanite, the upper incisors 
remoYed for a feeding space, and used for the splint. How
ever, if an interdental splint is determined upon it should be 
constructed as recently described by Dr. George D. Snow, 
of Buffalo. 

( 475) 
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THE CONSTRUCTION OF INTERDENTAL SPLINTS. 

Interdental Splint.--" An interdental splint, when properly 
constructed, forms an efficient and satisfactory means for 
treating fracture of the mandible, and the Snow face bow 
and Kew Century or Gritman antagonizor are absolutely 
necessary for the attainment of the correct alignment of 
their occluding surfaces. For this reason a short description 
of the correct method for this construction is appended. 

"These instructions apply to the construction of the 
'Gunning' splint. This separates the jaws and receives 
both the upper and lower teeth. It is retained by means 
of bandages, and fixes the mandible immovably. It has a 
wide range of application, and is the most satisfactory splint 
for general use. The Snow face bow is absolutely necessary 
for its construction, as the casts must be placed in the antago
nizor at the same distance from its joints that the alveolar 
ridges are from the condyles, or the bite cannot be opened 
for the reception of the splint with any certainty of having 
correct occlusion when the fracture has united. The fact 
that the Snow face bow has not been used is the common 
cause of failure in interdental splints, as they have hereto
fore been constructed. 

"Impressions of the teeth, both upper and lower, are first 
to be secured. These arc better made in plaster, rather than 
modelling compound, for the plaster is more easily managed 
and is less subject to distortion. Yery shallow impression 
trays should be used, the B mouthpiece of the face bmY 
ansvvering the purpose, and only plaster enough used to 
obtain an impression of the teeth to the gum line. ::'\o 
attempt need be made to correct any deformity which may 
be present, and the operation, if properly conducted, will 
be almost painless to the patient. The impression must 
take in all the teeth present in the mouth, for if the third 
molars are not included, they will not be covered by the 
splint, and will elongate while it is in use, and so interfere 
with occlusion. Fill the palatal portion of the upper impres
sion with sheet \Yax or paper just above the gingival line 
and run a thin cast. Hun a thin horseshoe coast in the lower 
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impression. \Yith a Swiss savv cut this cast at the point of 
fracture, and adjust the parts so that they make correct 
occlusion with the teeth on the upper cast. Secure the two 
casts together with a very little sticky wax. Run a little 
plaster on a piece of paper and set the lmYer cast into it, 
to hold its parts in their correct relation. 

"After taking the impressions, place a little soft wax in 
the 13 mouthpiece and use the face bow as heretofore directed. 
Place the upper cast in the antagonizor b~· means of the 
face bow, am! it will be at the correct distance from the 
antagonizor joints, and when the lower cast is antagonized, 
their separation to accommodate the splint can be safely 
made, and normal occlusion secured when fracture has 
united. 

"Cover the teeth with ;\o. GO tinfoil, letting the tin 
extend beyond the teeth, buccal!~· and lingually, and cutting 
the tin so that it can be put on without crumpling. Follow 
\\·ith one thickness of sheet wax, covering the teeth, both 
upper and lmYer, to the gum line. Separate the two \Yax 
plates (open the bite), so that a lead-pencil Kill pass between 
them in front. Connect them at the sides with ~wax, leaYing 
an opening in front extending from cuspid to cuspid. 

"A ::\o. ;) Snow flask (or a box flask) vYill receive both 
casts and splint. Set one cast, the splint being in place, 
the plaster covering the edge of the wax, both buccally and 
lingually. Trim and soap not only the usual parting sur
faces of the im·estecl east, but the splint and palatal surface 
of the other cast as well. Holding the loose cast upon the 
splint, run plaster into the space between the two casts, and 
build it up around the sides and rear to the edge of the wax. 
Trim to an incline to the edges of the flask all around. Soap. 
Place on ring and fill. vVhen separating the flask have it 
warm enough to soften without melting the wax. Rap the 
edge of the flask to dislodge the centrepiece. Hemove 
and save the wax, and find quantity of rubber required by 
immersing the wax in a glass of water. Pack and Yulcanize. 
The tinfoil being left upon the casts, the impression of the 
teeth in the splint \Yill be smooth, and also larger than the 
teeth themselYes by the thickness of the foil used. This 
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is why the use of thick foil is directed, as the additional 
space gained by it renders the splint more easy of adjust
Inent." 

FIG. 3;')3 

Fig. 353 represents both the wax model splint and the 
finished vulcanite. Fig. :354 is a diagram showing a cross
section of the flasked case. The flask is designated by F; the 

FIG. 354 

casts, 111; the plaster encasement by P; tinfoil covering the 
teeth with extension beyond the vvax splint by T; and the 
wax model of splint in the centre. 
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Fig .. 355 illustrates a splint provided ;,vith arms of steel 
wire, i inch in diameter, arranged to come "out of the 
mouth when the splint is in position, passing back along 
the cheek on a line with the teeth." This splint was 
inYented by Dr. Norman W. Kingsley, and the description 
of it is from his valuable work ·on Oral De.forrnities. The 
splint is retained in position by the submental compress 
attached to the side bars. 

FlG. 355 

"It will be seen that this splint covers the lower teeth 
only, and that its top occludes with the upper teeth to admit 
of mastication. The construction of such a splint is accom
plished by placing upper and lower casts in an antagonizor, 
furming the wax splint as before described, arranging the 
occlusion so that the contact of the upper teeth 1vill be 
uniform, imbedding tv1o stout wires with flattened ends 
in the ,wax, so that they will bear the strain which will be 
required of them while the splint is in position. The par~ 
tieular flask best adapted for the ntlcanizing of interdental 
splints is oblong in form, and is larger than ordinary vulcanite 
flasks; it is known as the box flask" 



CHAPTER XV. 

CLEFT-PALATE APPLIAXCES. 

BY cleft-palate is meant a defective condition of the roof 
of the mouth, forming an abnormal opening between the 
oral and nasal cavities. The cleft may be of the form of a 
fissure or of a rounded hole. The cleft may be either con
genital or acquired. The congenital cleft is due to defective 
fetal development, but not accounted for. The acquired 
cleft may be due to either accident or disease. The extent 
of the cleft may be from a slight cleft of the uvula to one 
extending through the soft and hard palates and the alveolar 
process; also may extend through the lip (hare-lip). If there 
is no hare-lip complication, the defect is noticeable only in 
speech, in which there is an unmistakable nasal intonation. 
The defect is amenable to both surgical and mechanical treat
ment, the latter of which only is considered in this chapter. 

Apparatus.--There are two types of apparatus for restoring 
the defects of the roof of the mouth, knmvn as obturator and 
t•elum. Of these, Dr. N. \V. Kingsley says: "An obturator is 
a stopper, plug, or cm-er, hard, non-elastic, and stationary, 
fitting to an opening with a well-defined border and shutting 
off the passage. Such instruments are applicable to perfora
tions of the hard or soft palate resulting from accidents or 
disease, but they are rarely applicable to a congenital fissure 
of the Yelum. An artificial velum is not a temporary stopper, 
but an elastic, movable valve under the control of the 
surrounding adjacent muscles, closing or opening the pas
sage at vvill, and is applicable to congenital fissures, occasion
ally where the soft palate has been deetroyed, but never to . 
perforations of either the hard or soft palate." 

Dr. Kingsley further says: "In most cases of congenital 
defects, the patient \Yill acquire correct articulation more 
easily and more certainly with an elastic velum scientifically 

( 480) 
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adjusted than with any other form of appliance, because it 
more nearly resembles the action of the normal palate and 
will more readilv fulfil its function. 

"That in a gr~at majority of cases of a like defect a patient 
will never acquire distinct articulation "With an obturator. 

"That where a patient affiicted with a congenital absence 
of the palate has oYercome the difficulty by using an artificial 
velum until clear and distinct articulation has been acquired, 
he may change the Yelum for an obturator, and continue to 
articulate properly. 

FIG. :356 

"That of all obtura tors to su pp]~· deficiencies of the soft 
palate and induce correct articulation, the one introduced 
b~· Suersen contains the truest principles and is best adapted 
to the purpose." 

Fig. 3561 gives a Yiew of a patient's mouth, showing part 
of the cleft palate and the appearance of the lip after being 
operated upon for hare-lip. 

1 Figures 35(1, 357, :358 and 350 arc of cases of Dr. Chalmers J. Lyons, of 
the Unh·orsity of Michigan. 
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Fig. 357 is an illustration of a congenital cleft extending 
through the soft and hard palates and also the alveolar process .. 

FIG. 357 

Fw. 358 
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Fig. :358 shmvs a cleft of the soft and hard palates, and 
alYeolar process depressed, but not cleft. 

Fig. :359 shows a cleft of the soft palate only. 
The artificial velum should rarely extend into that por

tion of the cleft extending through the alveolar process, 
which may better be filled vvith the hard vulcanite. 

FIG. 359 

of Technic for Constructing Velum and Supporting 
Base-plate.--Impression for velum, cast, preparation of cast 
for making model of velum, making model velum, adjusting 
model velum to mouth, flasking model Yelum, converting 
plaster encasement into metal encasement, vulcanizing 
Yelum, finishing velum, impression with the velum in sit11 
for the retaining base-plate, constructing the retaining base
plate, and attaching the velum. 

Impression of the Cleft.-An ordinary impression tray 
will not suffice for a congenital cleft palate. A spoon with 
the com·ex surface of the bmd upward 1vell serYes for a tra~· 
to carr~· the plaster, or one of the two methods described 
by Dr. C. S. Case, of Chicago. He uses the index finger with 
soft modelling compound \\Tapped about it as the foundation 
for his impression. Having obtained an imprint of the cleft 
in the compound, it is chilled and carYed so that it may be 
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held in the cleft without contact with the tissues. It is then 
co,·ered \Yith a soft mix of impression plaster, carefully 

Fro. 360 

Fw. 361 

adjusted, and held until set; then remoYecl by forcing it 
backward until relien•d of the anterior margin of the cleft. 
Fig. 360 shows the completed impression as taken from the 



I1VIPRESSIOX OP THE CLEFT 485 

mouth for a cleft of the palate only. The impression is 
varnished and filled. as shmm in Fig. 361. Fig. 362 shows 

FrG. 362 

FIG. 363 

the cast after renwml of the impression. Fig. 363 shmvs 
the cast carved for use. Fig. 364 shows the cleft filled with 
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FIG. 364 

FIG. 365 

Fro. 36G 
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modelling compound cmTed to thin edges as a model for the 
velum. Fig. 3G5 shuws the nasal surface of the same. Fig. 
3GG shows a side eleYation of the model Yelum. Fig. 3G7 

Fro. 367 

Fro. 368 
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shmYs the finished velum in the plaster cast. Fig. 368 shows 
the skeleton base-plate upon the plaster cast. Fig. 369 shows 

FIG. 360 

FIG. 370 

FIG. 371 
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the wax model base-plate. Fig. 370 shuws a side elevation 
of the finished base-plate. Fig. 371 shovn a side elevation 
of combined base-plate and velum. Fig. :372 is the lingual 
surface of the same. 

l\lost of the steps are comprehensible from the illustrations; 
howe,·er, there are several that are not and need elaboration. 

Fro. 372 

Velum Model.--The velum model is the first step after 
the impression that needs further consideration. Softened 
modelling compound is shaped in the ca1Ted cast by the 
thumb and finger. The anterior or body portion of the 
velum is left thick for a body, while the posterior or curtain 
portion and the flanges are made very thin \Yith attenuated 
edges. This is accomplished, so far as possible, by molding 
the softened material -vvith the fingers, after which it is 
further reduced with a vulcanite scraper and sandpaper. 
It is finished with a cloth wet with a solvent, as alcohol. 

Adjusting Model Velum to the Mouth.--A hole to admit a 
14-gauge wire is drilled through the body of the velum 
model from the oral to the nasal side. A wire with t inch 
of one end bent at right angle is fitted to the drill-hole in 
model; the other end of the vdre is looped to form a handle 
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This wire is used to handle the model while adjusting it to 
the cleft. The body of the model should be kept hard, but 
the curtain and flanges may be softened as required by 
dipping in warm water. It is adjusted by the patient 
swallmving, trimming away excessive material, and molding 
with the finger. Additions may be made by tracing on with 
a pencil of modelling compound. The \Tlum must be so 
fonT ed that in the act of swallovving it vdll entirely close the 
opening between the oral and nasal cavities. The desired 
form and adaptation being obtained, it is chilled and made 
smooth. It is then ready for Basking. 

Flasking the Model Velum.-A small-sized bolted vulcanite 
flask is used. The inner surface of the flask is smoothed of 
any roughness by grinding, and smeared -.vith vaselin so 
that the encasing plaster may be easily removed. The 
model must be so encased in the flask that the sections 
of the encasement plaster may be removed, molded, and 
reproduced in metal. This will require three sections of 
the encasement plaster. Each piece of the encasement 
plaster is Basked in a suitable flask (box) vvith silica invest
ment compound and reproduced either in Babbitt or type 
metal. The operation is simple, but judgment must be 
exercised both in Basking the velum model and the sections 
of the plaster encasement. Fig. 373 shows the three sections 
of the Babbitt metal castings. Fig. 374 shows the bottom 
and middle castings assembled in one-half of the flask and 
the third section in the other half of the flask. 

The encasement in the box flask must be heated to dry 
it of all moisture so that steam will not be formed in filling 
with the molten metal. 

The surfaces of the castings, which are to give form to the 
artificial velum, must be carefully polished and burnished, 
as they should produce a finished surface upon the velum. 

A hole must be drilled in both the upper and lower sections 
of the castings to carry a wire former for the hole in the 
body of the velum to admit the coupling standard, as seen in 
Fig. 374. One end of the wire is cemented into the casting; 
the other end of the wire enters the hole in the other section 
of the casting, but is not fastened. 



PACKilW YELU1vl RUBBER 491 

The wire former should be one or h\'O sizes smaller than 
the coupler wire. 

FIG. 373 

The surfaces of the metal mold must be soaped and dried 
each time it is to be used. This is to prevent the velum 
vulcanite adhering too closely. 

Fw. 374 

Packing Velum Rubber.-The metal mold should be as 
warm as the fingers can be held upon without discomfort. 
It is packed, without enmeshing air, with \'elum rubber 
(caoutchouc, 25; sulphur, 5 parts), and vulcanized, the same 
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as hard vulcanite. The packing should be carefully done, so 
as to have as little excess as possible, which will force its 
way out of the metal encasement. 

Finishing the Edges of the Velum.~--This can be done only 
by trimming with sharp scissors, searing with a hot iron, 
and rubbing vdth chloroform. 

Impression for the Retaining Base-plate.~It is necessary 
that the artificial velum should be held accurately in place 
while taking the impression for the retaining base-plate. 
The surface co\'ered by the impression must include the 
thick body portion of the velum, the vault portion upon 
>Yhich the supporting base-plate is to rest, and the teeth to 
\Yhich the base-plate is to be clasped. The velum is sup
ported by means of a 13-gauge soft-iron wire. The end 
of the wire is engaged in the coupler hole and its shaft con
formed to the vault and about the buccal surface of the 
teeth, and then protrude from the mouth, the external 
end being looped for a handle. The object is to so bend 
and shape the wire that it will support the artificial velum, 
and that no part of it, except the portion near the cleft, 
shall be engaged in the impression. The selected tray is 
adjusted. Should the palatal portion not extend sufficiently 
backward, it should be extended by an addition of wax or 
modelling compound. The impression is then taken in 
plaster. The impression with the artificial velum in place 
is varnished and poured with silica investment compound. 
l~pon this cast the clasps are shaped and the clasp gold
wire skeleton is formed. The joinings of the various pieces 
of metal are covered with wax, and the rest of the wire is 
covered with investment compound, leaving the waxed 
joints \Vide open. The cast about the velum is cut away 
and the velum removed from the coupler wire. Investment 
is added to the exposed end of coupler wire. The case is 
heated and soldered. The skeleton frame with velum 
attached is adjusted to the mouth and impression taken for 
the vulcanite base-plate. The impression should extend at 
least i inch back of the coupler pin. The impression will 
probably be much broken in removing from the mouth. 
The impression and metal skeleton are assembled without the 
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wlum and the impression Yarnished and poured with 
plaster (Fig. :368). 

If a gold base-plate is desired, the first impression 1vith the 
artificial velum in place is poured with plaster (in place of 
inYestment compound), a die and counter formed, the gold 
base-plate constructed, and the coupler pin attached with 
solder. 

Fro. 375 

Fro. 37G 

Suersen Obturator.---This obturator is hard Yulcanite 
hollmY bulb made to fill the cleft, and upon which the 
diYidcd palate glides while speaking and swallowing. The 
principal merit of this apparatus is that it is cleanly and 
durable. Heference has been made to Dr. Kingsley's state
ment as to its usefulness. Figs. 37 5, 37() and :3"77 illustrate 
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three Suersen bulbs ( obturators), one of which is attached 
to a base-plate retainer. 

Velum Obturator.-A late invention for the relief of this 
distressing deformit,v is Dr. Case's velum obturator. This 
instrument consists of a peripheral roll and an intervening 

FIG. 378 

FIG. 37() 

septum of velum vulcanite. Figs. 378 and 379 illustrate 
this apparatus. A full detailed description of the apparatus 
is to be found in Dr. Case's book. 

CAsi<:'s Ihnn V:rcLrlJ 0mTRATOn.1-This is a very ingeni
ous and highly successful creation by Dr. C. S. Case. It is 

1 Brophy's Oral Surgery, nnd Dental Items of Interest, October, HJ16. 
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adapted to those clefts extending some distance into the hard 
tissue. It is of similar form to preceding Yelum obturator, 
but is constructed of hard Yulcanizable black rubber and 
has no attachment to the teeth. 

FIG. 380 

FIG. 381 

Denture Obturator.--Figs. 38G and 38J show two views of 
a east aluminum denture obturator made necessary by a 
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surgical operation for the removal of a tumor of the maxil
larv sinus. 

}'igs. 382 and 383 are two views of an obturator made 
necessary for a case in which the entire left maxillary bone, 
except the orbital plate, was removed because of a sarco
matous growth. When the patient \Yas first seen the opening 

FIG. 382 

FIG. 383 

made by the operation extended from the mouth to the 
pharyngeal cavity. It \:vas about t inch in diameter and 
circular in form. Fortunately the left palate bone and soft 
palate \H~re intact. The cicatrix had completely everted 
the lower lid and greatly depressed the cheek. 



DKr..lTURE OBTURATOR 497 

Figs. 384 and 385 show the face with the appliance removed 
and in place. The appliance is never out of the mouth 
longer than necessary. It is difficult and painful to replace 
it when it has been out a kw hours. 

There are two technic operations of interest in this 
case, taking the impression and stretching the cicatricial 
tissue. 

The hole in the roof of the mouth "Was filled with slightly 
warmed yellovv wax. This made the margin of the cavity 
quite tense. A plaster impression was obtained, the wax 

Fro. 384 l'IG. 385 

removed from the hole and attached to the impression; 
from this a Spence plaster compound cast was obtained 
and a pure black vulcanite base-plate made. The denture 
"Was completed by the double vulcanization method. After 
the patient had become accustomed to the appliance and 
the mouth vvas free from soreness, resinous wax (sticky wax) 
vms added to such portions of the obturator as necessary 
to distend and stretch the tissue in the desired direction. 
This vms inserted into the mouth while the material \Yas 
plastic, but not hot, then removed and chilled, another por-

32 



498 CLEFT-PALATE APPLIA.NCES 

tion added and chilled, until the tissues were distended as 
much as was prudent for the time. This was worn one 
night and the next day flasked in a box flask and the wax 
restoration replaced vvith pink rubber. This severe stretch
ing invariably made the mouth quite sore, but the patient 
vms very persevering and would not return to the office 
until the mouth was entirely healed. The patient was 
equally perseYering in keeping the apparatus clean. This 
procedure was repeated probably ten times, once after these 
pictures were taken. The dark lines show additions made. 

THE PALATE AND VOMER RESTORATION. 1 

"The object in presenting this subject is to show by actual 
demonstration the possibilities in the improvement of Yoicc 
and speech, in the class of oral defects, by means of an 
artificial substitute for the missing tissues, and the advan
tage of such a procedure over surgical operations. 

"Science has been unable as yet to solve the problem as 
to the causes. :Many theories have been advanced, such 
as faulty nutrition, heredity, and maternal impressions. 

"There are two reasons for attempting to correct this 
defect, either surgically or mechanically: First, the improYe
ment of the general health; and second, the improvement 
of the voice and speech. ;-;ature intended that we should 
haYe separate channels for the air we breathe and the food 
\VC eat. vVe know that this is so because of the difference 
in the anatomical formation of these cavities. Provisions 
are made in the nasal passages for the warming, moistening, 
and filtering of the air before it passes into the lungs. The 
oral cavity does not supply these requirements. On the 
other hand, the highly sensitive mucous linings of the 
nasal passages are most unsuitable for the passage of the 
different foods. In cleft-palate cases some food necessarily 

1 The following excerpts arc kindly permitted by Dr. Vethake E. Mitchell; 
of New York City, and are from a paper read before the Oral Surgery 
Section of the First District Dental Society at the Academy of Medicine, 
March 25, 1913. The paper was published in full in the Dental Digest, 
October, 1913. 
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passes through a part of the nasal passages, and by con
stant irritation produces a catarrhal condition of these 
tissues, and secretes a viscid mucus \Yhich contaminates 
the air breathed and the food eaten by these patients. But 
this is not all: These unfortunates are conscious that their 
defect is announced whenever they attempt to speak. This 
has a deplorable effect upon their physical and mental 
development. 

(? . 

~ 
I 

r 
Tongtte 

FIG. 386 

"Secondly: The palate is one of the most important organs 
of speech. Its functions are concerned in the forming of 
the tone of the Yoice by regulating the shape and size of the 
resonance chambers, and to close off the nasal passages in 
the emission of certain sounds. This being impossible to 
a greater or lesser extent in cleft-palate cases, speech is 
Yery defec~iYe and gives it that peculiar quality which all 
can recogmze. 

"To understand more fully the tissues involved and their 
functions, let us refer to Fig·s. 386, 387 and 388. 
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"Fig. 386 shmvs the nasal cavities with the turbinated 
bones, superior, middle and inferior, on either side, each 
forming a resonance space, and 1vhen separated by the sep
tum, 1vith the hard palate beneath, forming six distinct 
resonance spaces. 

:B'IG. 387 

FIG. 388 

"Fig. 387 shows these spaces better. 
"Fig. 388 shows also the large nasopharynx, another 

resonance cavity, regulated as to size and shape principally 
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by the soft palate and UYula. Here can be seen also the 
oral cavity, still another resonator, ·with the tongue, soft 
palate, lips, and teeth-all concerned in the production of 
voice and speech. 

"The cartilage of the septum (McClellan's Regional 
Anat01ny) is a smooth, triangular plate inserted posteriorly 
into a groove in the perpendicular plate of the ethmoid 
bone: Anteriorly, where it is thicker, it is connected with 
the nasal bones and adjacent lateral cartilage, and belovv 
with the vomer and palatal processes of the superior maxil
lary bones. The septal cartilage separates the anterior 
portion of the nasal cavities. The inner wall is the smooth 
septum formed principally by the perpendicular plate of 
the ethmoid bone, the Yomer bone, and the septal cartilage. 

"Appliances of many shapes and of different materials 
have been devised for the closure of the cleft, but with 
apparently little regard for the restoration of the nasal pas
sages, to permit normal respiration, or the restoration of the 
resonance chambers for the improvement of voice and speech. 

"In the appliance 1vhich I present to you, all these things 
htwe been taken into consideration, and an attempt has 
been made to restore all missing tissues and their functions. 

"The history of a case is as follows: 
".:\Iiss aged thirt~·-one, second of four children. 

::'\o deformity in any other member of the immediate family. 
l\Iother healthy, slightly tongue-tied. Father healthy. Her 
physical condition is good, but slight of build and undersized. 

DESCRIPTION OF CLEFT. 

"A division extends through the uYula, the soft and hard 
palates to the ah·eolar process. \Yidth of cleft, at posterior 
border of hard palate lf inch. Yomer bone entirely missing. 

"At nineteen an obturator was made and considerable 
improvement in speech resulted. This \Yas worn for seven 
years, when a second obturator was constructed on the 
same style. This was worn for almost five years. The case 
was then referred to me to see ,,·hat further improvement 
could be accomplished. 
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"A plaster impression of the mouth vvas taken in two 
sections, first by filling the posterior nasal cavity and cleft 
with plaster, to which had been added a little asbestos 
fiber, and allowing it to harden. This was easily removed by 
slight pressure directed backward, downward, and forward. 
That portion representing the roof of the mouth was prepared 
so as not to adhere to the second part of the impression, but 
with guides, so that the two parts could easily be fitted 
together. It was then returned to its position in the mouth 
and the, second part of the impression taken in plaster, as 
an impression is taken in orthodontia. After hardening, 
all parts were removed, placed together in their proper 
relation, and a model made. 

"A second impression and model are necessary for the 
swaging of the metal plate. 

"Gold was used in this case, but silver or platinum could 
be used when advisable. It could also be constructed entirely 
of hard rubber, but for strength and thinness a metal plate 
is desirable. 

"The cleft in the model is filled in, dies are made, and 
the plate swaged to cover the hard palate only. Clasps to 
go about the teeth are attached to the plate on either side, 
giving a firm attachment for the plate. To the nasal surface 
of the plate covering the cleft, four metal loops are soldered, 
for the attachment of the hard-rubber production of the 
lost bony tissue. 

"With base-plate wax an artificial vomer was formed in 
the model. Its upper margin was closely adapted to the 
remnants of the septum. Its lower margin was adapted 
to the upper or nasal surface of the metal plate. This lower 
margin was spread out and thickened to replace the lost 
tissues of the hard palate. This "\vas tried in the mouth to 
be sure of its close adaptation to the tissues. 

"After imbedding in the wax at the posterior border that 
portion of the hinge intended for this part of the appliance, 
it was flasked and reproduced in hard rubber. 

"The next step is to close the cleft in the soft palate with 
something that will stay in position and keep the cleft closed 
during the muscular movements of the palatal tissue. A 
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piece of base-plate wax vvas doubled and shaped to fit the 
cleft snugly from side to side. This forms the roof of tbe 
mouth and the floor of the nasal passages. It widens out 
as it extends backward, forming a flange on either side. 
This flange laps over the upper edges of the palatal tissue. 

"The other part of the hinge is imbedded in the anterior 
portion of the piece 1vhich is to close the cleft in the soft 
palate. The piece for the soft palate is then attached to 
the plate by putting the pin through both parts of the hinge. 

Fw. 389.-1\>Iodel of the mouth. 

The whole appliance in this stage is then placed in position 
in the mouth. By careful trimming or adding the wax of 
the soft-palate piece is given proper shape. 

"It must extend back sufficiently and be so shaped that 
when raised by the muscles in the act of swallowing, it will 
touch the posterior vYall of the pharynx so as to close the 
passage into the nasal caYity. This part is then reproduced 
in hard rubber, faced with pink, to more resemble the palatal 
tissues. 

"Being solid, it bas sufficient weight to keep it in position 
when the palate muscles are relaxed, and still is not too 
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heavy for them to raise \vhen contracting. This movement 
is possible owing to the hinge joint. The \vhole appliance, 

FIG. 390.-Mouth showing 
cleft. 

FIG. 392 

FIG. 391.--Mouth with appliance 
in position. 

FIG. 393 
FIGs. 392 and 393.-Showing two views of appliance-lingual and side. 

being constructed of metal and hard rubber, is perfectly 
hygienic and non-irritating to the tissues. 
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"\Vhile this appliance will help to restore normal function, 
education is necessary to improve speech, owing to the fact 
that the patient being unable to make sounds in the normal 
1vay through the lack of these parts, it has been neces
sary for her to bring to her aid other tissues or parts in the 
attempt to produce the various sounds. Thus habits have 
been formed which it is necessary and hard to oYcrcome; 
but with this appliance and the cooperation and persistence 
of the patient these difficulties can be overcome. 

DElVIOKSTRATIOK. 

"Miss K--'s appliance, as you see, is constructed as I 
have described (shmvs appliance). -Without the aid of her 
appliance I shall ask her to pronounce some of the most 
difficult letters of the alphabet. 

"First, the labials-B P F V. 
"The anterior lingual palatals-C D S T. 
"The posterior lingual palatals-G K Q and X Y Z. 
"~ow an avdnvard combination, such as "sixty-six." 
"And a still harder combination, the name of Dr. N m·man 

\V. Kingslcy. "With her appliance in the rnouth she will repeat 
this combination, which I think \Yill demonstrate to you a 
yery marked change in the quality of her Yoice, her articu
lation and enunciation. (Miss K--- repeats the above.) 

"To shmv that when the palate is raised by the muscles 
the nasal passages are closed, and the breath may be forcibly 
expelled through the mouth, I shall ask Miss K-- to blmv 
out the candle. This may seem a very simple matter, but · 
I assure you that she was not able to do this before the 
introduction of this appliance, and now you see she is a 
pretty good blower! 

"::\lost appliances that are constructed at the present 
time are bulbous, or of the plug type, which necessarily 
interfere with the nasal resonance, the appliance more or 
less filling up these resonance cavities. To show how abso
lutely important it is to have the nasal passage restored 
to as nearly as possible a normal condition, I shall add 
a piece of wax to either side of the vomer bone (of the appli-
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ance), completely closing off the nasal passages, showing 
the interference of nasal resonance. 

"To demonstrate this Miss K-- will say: Nae, Nah, 
Noh and lng, N, M with and without the obstruction. 

"Now to see what is possible with the singing voice, we 
will be assisted by .;Hiss K--'s vocal teacher. 

"Through the development of her breath control, and by 
a unique card b1tzzing exercise used in Vocal Art Science, 
to develop certain phases of the voice, she is now able to. 
blow a steady flow of breath through the lips, and she will 
open her singing demonstration by a little exercise in card 
buzzing, to show breath control. 

"Next, the scale of thirteen vowels and thirteen consonants 
-vvill be used. These scales have been arranged so discrimi
nately in their sequence in "Vocal Art Science" that by tbeir 
correct use each and every resonator from the tip of the 
nose to the epiglottis is exercised, and finally all are correlated. 

"With the use of the scale of consonants and vowels all 
muscles for articulation and enunciation, namely, the lips, 
tongue and palate, are exercised and developed, and perfect 
prommciation is the result. 

"Miss K--- will demonstrate the above combination: 
first, to show her breath control and tone quality, she will. 
sustain the thirteen vowels at three or four different pitches. 

"Then, to show her use of the scale of thirteen consonants 
and vowels she will sing them on chromatic scales, and 
reverse the order on descending. (Miss K-- sings scales 
of thirteen vowels and consonants.) 

"To demonstrate the practical use of the mechanical 
appliance on showing the foremost and highest nasal reson
ance, she will sustain the combination of lng, N, M, and will 
prolong the sound of 1v1 to show its position in the singing 
quality. (Miss K-- sings Ing, N, M.) 

"To demonstrate the perfect mechanical action of the 
appliance she will sing an arpeggio that moves from a lower 
to a higher pitch in the ascension. This necessitates a rise 
and fall of the normal palate and is perfectly apparent with 
the artificial palate. (Sings arpeggios.) 
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"Miss K-- vYill finish her demonstration by singing 
two ballads. This is to show the combination of articulation, 
enunciation, pronunciation, and also the legato in singing. 
·The latter necessitates perfect breath resistance against 
the upper incisors, which again is made possible by the 
mechanical appliance. 

"Let me state in conclusion that 1\iiss K--, in the train
ing of her singing voice, and perfecting of her articulation 
and enunciation, has had only twenty lessons thus far. 
(Miss K-- sings two songs.) 

"Dr. E. A. Bogue said, in discussing Dr. Mitehell's paper, 
that it was well known to some of the profession that he 
came to Nevl' York originally to take charge of the practice 
of Dr. Korman W. Kingsley. This, Dr. Bogue said, had 
caused him to become acquainted with quite a number of 
gentlemen who had busied themselves in the manufacture 
of artificial vela, but that he had never seen so strikingly 
good a result." 

REFEHENCE BooKs.-Kingsley's Oral Deformities, Ameri
can System of Dentistry, American Text-boo!.: of Prosthetic 
Dent?:stry, and Case's Orthopedic Dentistry. 



CHAPTER XVL 

ESTHETICS. 

FoR the purpose of establishing a clear idea of what we 
mean by "esthetics of prosthesis," we define the term 
"prosthesis" as: The science, art, and esthetics of restoring 
a lost dental organ or organs and associate parts with an 
artificial substitute. 

To understand this subject we must have well-conceived 
ideas of the three terms, science, art, and esthetics. Science 
is classified knowledge; therefore it is the involved theory. 
Art is a complex term; primarily it means doing a thing 
in a skilful manner; thus it is used to express perfection in 
any oft-repeated mechanical work, as the manual labor in 
any of the useful trades, useful arts and crafts; and to the 
working out of beautiful thoughts in concrete form, fine arts. 
As esthetics expresses the latter idea, we incorporate in our 
definition the two terms, art and esthctics. Art, to express 
the skilful doing of mechanical work, and esthetics, to express 
the harmonizing of our creation with its environment, or, 
the art of concealing art. Thus, when we mean the skilful 
construction of mechanical appliances, we shall speak of art, 
artistic, and artisan; but when we mean that which is more 
than mechanical art, the ideal, the beautiful, because har
monious, then we shall speak of the esthetic and esthetist 
or artist. 

Is prosthetic dentistry a trade or a profession? This 
depends entirely upon how it is practised. The science 
involved is not a factor in determining whether prosthesis 
as practised is a trade or a profession; for both the useful 
and fine arts may be highly scientific. If prosthesis is 
practised as a utilitarian art, then it is, and can only be, a 
trade; but if the utilitarian art is dominated by esthetics, 

( 508) 
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then and only then can it justly be called a profession. The 
Standard Dictionary defines a profession as: "An occupation 
that properly invob:es a liberal education or its equivalent, 
and mental rather than manual labor." Hunter's Encyclo
pedic DictioncLry defines a profession as: "A business which 
one professes to understand and to practise for subsistance; 
a calling, occupation, or vocation, superior to a trade or 
handicraft." Is it not conclusive that a commercial dental 
laboratory is practising "mechanical dentistry" only? In 
order to practise prosthesis (Greek, pros, to; tithemi, place, 
to place or restore) it is necessary that the patient shall be 
under the inspection and study of the prosthetist so as to 
restore the contour and harmonize the associated parts. 
If one is to practise prosthesis as a profession, he must be 
more than an artisan; he must be an artist. It is a common 
saying that artists are born and not made. This saying, 
like most of its kind, is only in part true. HovYever, we can 
say there are but two sources from ,,·hich artists may be 
produced, namely, made and born, cultivation and intuition. 
The idea of an artist being cultivated is in keeping ·with the 
Standard Dictionary definition of a profession that is: "A 
liberal education or equivalent, and mental rather than 
manual labor." The artist must have, in addition to the 
manual dexterity of the artisan, the developed mentality 
and imagination that can create ideas and ideals, and then, 
·with his artisan dexterity, he puts his ideals into concrete 
form. Thus, he makes of his useful art a fine art; and he 
becomes an esthetist, an artist, and his calling is a pro
fession. Therefore if one \Yould be an esthetic prosthetist, 
he must develop himself and broaden his art. The remain
ing source from which artists are produced, that born, or, 
as we classified the idea~intuition-is an unknown quantity 
and of uncertain value. Ho-wever, for a dentist to depend 
upon intuition for producing esthetic \York would be like a 
preacher depending upon inspiration for his sermon; too 
often the product ·would only be perspiration. True it is 
that some people seem to have more natural ability than 
others; but it is more than probable that much of this 
seeming inherent or intuitive ability is the result of early 
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cultivation m ways that have contributed to the final 
product. 

There are two attributes of a man that are necessary for 
success in any line, namely, desire and energy. Desire and 
energy is the celestial fire which will, when sufficiently strong 
accomplish everything. Longfellow has well expressed the 
thought in this stanza: 

"All the means of action
The shapeless masses, the materials-
Lie everywhere abont ns. \Vhat we need 
Is the celestial fire to change the flint 
Into transparent crystals, bright and clear. 
That fire is genius." 

Someone has said that "Genius is infinite capacity for 
painstaking." Thus, we must conclude that if a dentist 
does not succeed in reaching high attainments, the celestial 
fire within him is passive and not active; or, that his energies 
have not been well directed. 

Thus far we have endeavored to establish what is esthetics 
of prosthesis, and present the conclusion that it is applied, 
refined ideals of prosthesis, developed by earnest desire and 
well-directed energy. 

Dr. Charles Channing Allen has well expressed the relation 
of esthetics to dentistry in a paper read before the Kansas 
State Dental Association, ~viay, 1908: 

"vVhen a work is executed with the concepts of beauty, 
utility, and economy in their proper proportions, that work 
has its own individual characteristic, the evidence of design. 
This is its passport; its credential; its hall mark; its jus
tification. In such character it shows whether it is the 
legitimate child of orderly intelligence, or the bastard of 
bungling incompetency. If it was fathered by an under
standing of the requirements and a skill sufficient for their 
execution, then it must appeal to the mind as answering the 
requirements of esthetics-the beautiful. . Although 
in giving consideration to design over mere beauty we can
not accept the dictum that beauty is 1dthout definite utility. 
Beauty carries with it more of the evidence of design than 
mere utility, for the esthetic or beautiful appeals to one 
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immediately, and does not require a systematic proof along 
the recognized lines of logic, but establishes itself in the mind 
of the beholder at once without proof. Utility alone, as 
an ultimate end, executed without embellishment, may be, 
and usually is, vague in expressing its reason for existence, 
and must be studied and its purpose analized, often labori
ously at tiresome length. 

"No profession has more use for the esthetic and beautiful 
than the profession of dentistry; for an esthctic restoration 
is a very important part of our obligation to our patient." 

We assume that the Creator designed that every soul 
should inhabit a perfect body. According to its type, it 
should be like the Greek creation Apollo, every line and 
every inch god-like in its perfection. Had the original 
design prevailed, there could have been no beauty associated 
with the human form, because there 1vould have been but 
one type, and each individual would have ~een a duplicate 
of all others. Beauty is appreciated by contrast only. The 
Creator also gave the lavvs of environment. Therefore we 
have not two persons that are exact duplicates of each 
other. As the body is molded and shaped by external 
mental and physical influences through conception and 
gestation, and by both external and internal mental and 
physical influences through infancy, youth, adult, and 
senility, there can be no perfect duplicate or absolute con
formity to a given standard; and yet, hovv wonderfully alike 
are human beings. 

Ethnologists, physiognomists, and other scientists have 
divided and subdivided the human family into many classes 
for the purpose of better studying man. So far as pros
thetists are concerned, our studies have been confined almost 
entirely to the Caucasian race, and we consider only such 
classification as will aid us in understanding the needs of the 
profession. \Ye first divided the race into classes-light 
(blonde) and dark (brunette)-a simple classification easily 
understood, and which call attention to certain facts. 

Another classification we may call the "dental profile" 
classification. Scientists consider this subject as a study 
of the facial angle, and make two general divisions-orthog·-
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nathous and prognathous. This division is of little value 
to the dentist, yet the study of the profile is perhaps the 
most important of all the classifications for the prosthetist. 

A third classification to be considered is that of the 
temperaments. 

DENTAL PROFILE. 

For convenience, we divide the dental profile into three 
classes-straight profile, convex profile, and concave profile. 

Scientists in drawing the perpendicular line of the face 
have it touch the most prominent point in the median line 
of the forehead and the most advanced portion of the 
maxilla:. The dental profile line is somevvhat different from 
the perpendicular facial angle line. 

The first class, or straight profile, is the Greek ideal face. 
The perpendicular line has three poin,ts of contact-the 
frontal and mental eminences, and the middle of the wing 
of the nose. The lower lip will just touch the perpendicular 
line, and the upper lip will be a little in advance of the 
line. There is no question that this is the normal profile 
of the highest ideal of beauty. 

The second class, or convex profile, has tlvo points of con
tact with the perpendicular line--the frontal eminence and 
a point at the base of the nose which is the same distance 
from the middle of the back of the ear as the frontal eminence. 
In the type, this point will be the centre of the wing of the 
nose. 

The ideal standard of this class has the face made up of 
rounded, graceful curves; forehead high and slightly reced
ing, nose of Greek or Roman type; lips full but not coarse; 
chin receding but not weak; teeth, both number and align
ment normal. Xo competent orthodontist would think of 
converting this ideal of our second class into the first or 
straight class, for he would recognize that the harmony of 
the features would be destroyed. 

The third class, or concave profile, has the frontal and 
mental eminences only in contact with the perpendicular 
line. It is not possible to conceive of this profile being a 
mark of beauty, and it is fortunate that the class is small 
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compared with the other two. It is a condition con
fronting the prosthetist, and he must place the features in 
as pleasing a relation to the concave line of the individual 
as possible. 

The physiognomy of man is gradually changing and 
tending tmYard types. The intermarriage of different 
nationalities and the modes of living, causing mental de
velopment and physical degeneracy, partly aecount for this 
eondition. For the last few years orthodontists ha\'e been 
impressing upon our attention the importance of teeth in 
the ph~'siognomy of man, and giving us a rational reason 
for manv of the abnormal conditions. This same studv is 
of value' to the prosthetist, as it aids him to understand 'the 
design of nature for the individual case; also aids him in 
classification. In studying the harmonies and inharmonies 
of the face, it is important that we consider the causes as 
well as the effeets. 

\Yhen the prosthetist has studied the individual case and 
classified it he is confronted with the question, ~What is 
one's duty, to restore the features to the natural or to the 
normal eondition? It is apparent that a normal convex 
profile should not, in a portioi1 of its outline, be eonverted 
into the conca n type, thus forming an ogre monstrosity. 
Fach 'ind'iTidual case nmst be kept 'u·ithin its normal class, 
then it is a matter of judgment for the prosthetist and 
patient to decide to what e;rtent the natural peculiarities shall 
be modified. 

It should be borne in mind that physiognomists make a 
distinction between anatomy and expression. Expression 
is of the soul, by and through the anatomy. Therefore 
deformities of the anatom~' may belie the soul. The pros
thetist should study well to have the teeth of the proper 
size, color, form, arrangement, and the dentures so con
toured that thev mav harmonize with the rest of the anatomy 
of the faee. 'l\he ~sthetics of prosthesis may be expressed 
thus: Harmonious in anatomy and pleasing in expression. 

Fig. :394 is the classie figure Apollo, and is the Greek 
type of the straight profile. For study purposes and as an 
ideal, artists have divided the face into three parts called 

33 



514 ESTIJETICS 

thirds-upper, middle, and lower (see Fig. 1). The ideal 
face has the three-thirds of equal length, but in actual life 
they rarely attain this relationship. Also the ideal head 
has the ear entirely in the middle third, and of the same 
length as the nose. 

Fig. 3951 is a fair representation of life, that is, that faces 
are not formed by rule. However, it is necessary to have a 
standard for comparison, that ideas may be conveyed from 
one to another. Therein is the only value attached to the 
Apollo in dental study. Referring to Fig. 395 it is seen that 

FIG. 394 

the upper and middle thirds are equal in length, but that 
the lower third is very much longer. The upper two-thirds 
belong to a square type of face >vhile the lower third belongs 
to the parallelogram (see Fig. 407). It is also seen that the 
ear does not harmonize with the middle third but does with 
the lower third of the face, therefore the face is a blend of 
two types. The square type predominates, as it is two-thirds 
square; therefore to ha,·e a perfectly harmonious face it 

1 The well-known late Dr. J. 'VV. Grocne, who probably has done more 
toward developing impression taking than any other one man. 
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would be necessary to remodel the lower third and the ear to 
conform to the upper two-thirds. It is sometimes stated in 
association discussions that the length of the nose determines 
the length of artificial teeth because the lower third vvhen the 
mouth is closed should be of the same length as the middle 
third of the face. In this individual case if the natural teeth 
were all lost it would be impossible to construct dentures 
with a sufficiently dose-shut bite to reduce the lower third 
to the dimensions necessary to make the face three-thirds 
square type. .1'\evertheless to restore the mouth with teeth 

FIG. 395 

of the length of tooth lHld bite of youth would be wrong for 
two reasons: (1) estheties require that the teeth should be 
well aged, that is, much shortened by wear and (2) the 
nat~tral conditions should be modified toward the normal, 
thereby producing a more harmonious relation of the three 
portions of the face. 

Figs. 396, 397 and 3981 are respectively straight, convex, 
and eoncaTe profiles. In all three of the illustrations each 

1 Figs. 39G and 397 were taken from public printc; and are of persons 
notable for mentality and humanitarianism; Fig. 398 is of a drawing by 
Lavater depicting melancholia. It makes emphatic the prominence of the 
frontal and mental emincnces and the depression of the maxilla;. 
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third is in harmony with the remaining two-thirds of the 
face. A study of the profile consists of a comparison of the 
thirds of the face. Verv often the lower third will not be 
in harmony with the facial type. It is in this class of cases 
that the prosthetist and orthodontist may improve upon the 
natural; that is, they may mole! the lower third of the face 

FIG. 396 FIG. 397 

FIG. 398 

toward the normal of its predominating type. The straight 
profile seems to predominate in the German, French, and 
Celtic types, while the convex profile is specially prevalent 
in the English, Scotch, and Jewish types. 

Fig. 399 is Dr. B. J. Cigrand's selection of three historical 
characters as representative of the three profiles. The lower 
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two-thirds of the face of Daniel \Yebster is of the straight 
profile, ~while the massiye deYclopmcnt of the frontal emincJ1ce 
would place the upper third with the concaYe class. The 
face of Cardinal ::\'ewman is equall~, fine, but the frontal 
and mental ernincnces arc oycrdenlopcd, thereby giving the 
concaye profile. Henry Clay is a fine illustration of the 
conYex profile. HoweYer, the lips are a trifle flat. 

FIG. 3H\l 

Figs. 400 and '101 are taken from Angle's \York on Ortho
dont?:a. This profile is also a mixed one. The upper third 
is a fine illustration of the straight profile. The middle third 
would require a careful study of the face to determine its 
classification. The cast of the upper dental arch (Fig. 1±00) 
shows an almost ideal alignment and complement of teeth; 
however, the apparent depression in the proximity of the 
apical ends of the teeth, also the concave form of the nose, 
would indicate an insufficient cleYelopment of the upper 
portion of the maxilla. This factor ~would require careful 
inspection to determine whether this seeming depression 
is real or only apparent because of the greatly enlarged 
mandible. If the upper portion of the maxilla is fully 
developed, then the face belongs to the straight profile 
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type, complicated \Yith a greatly malformed mandible; 
if the upper portion of the maxilla is depressed, then the 
profile is of a mixed type; the lmYer two-thirds, being com
plicated with an enlarged mandible, is of the concave type, 
and the upper of the straight type. 

FIG. 400 ''FIG. 401 

Lips.-There is one other factor in the study of the profile 
that must always be given careful attention vvhen making 
restoration, with artificial dentures, and that is the lips. 
The lips may be classed as thin, medium, and thick; also 
one may be thin and the other thick. The proper contouring 
of the lips can only be done by the proper setting of the 
anterior teeth, and the contiguous gum restoration. This 
factor is not a part of anatomical occlusion, which is purely 
mechanical and scientific; but is of the esthetic and can be 
produced only by the one seeing and handling the mouth. 
Therefore a dentist who is satisfied with the mounting of 
artificial teeth by a commercial dental laboratory shows 
himself deficient in the esthetic sense, and owes it to himself 
and his patient to either develop the esthetics of prosthesis 
or eschew prosthetic dentistry. The \Vriter trusts this 
condemnation of a very considerable portion of the dental 
profession will discourage no one, but will excite many to 
a sense of duty and an earnest effort at perfecting himself. 
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The proper contouring of the lips may require that the 
anterior teeth may have end-to~end occlusion, or that there 
may be little or much protrusion of the lovYer anterior 
teeth; or they may require little or much retrusion. The 
setting of the six upper and lower anterior teeth with the 
amount and shaping of the contiguous gum restoration has 
more to do with the beauty of the face than the proper 
selection of teeth, because the contour of the lips is visible 
at all times, and the teeth only when speaking and laughing. 
Hmvever, perfection implies that no part is deficient, there
fore equal attention should be given to every factor and the 
teeth selected of suitable form, size, color, and texture, 
the teeth occluded anatomically, and the lips restored so 
that the lower third of the face may harmonize in anatomy 
and be pleasing in expression. 

HARMONY. 

The preceding chapters of this book have been devoted 
to developing the mechanical phases of prosthesis, also 
a reasonable science for the modes of procedure, and 
incidentally the cosmetics have been touched upon. Ho-vv
ever, in teaching the science and art of prosthesis it is not 
wise to more than intimate the existence of the esthetic, 
because of the confusion and distraction of mind created. 
The prosthetist must first become an artisan, and then, 
with patient endeavor, develop the artist. The utilitarian 
art is the first consideration, and is that for V\~hich there is 
the greatest demand; l:iut for the mechanical dentist to 
dignify his work and make himself worthy to be ranked as a 
professional man he must place the stamp of ideality upon 
the product of his hand. As there are no tvYO individuals 
exactly alike, in fact no individual, one side of whose face is 
the counterpart of the other, it is impossible to establish 
fast rules for esthetics. It is possible, hmvever, and is the 
province of this chapter to map out certain lines of thought, 
and some technic as a means for harmonizing the ;,vork 
of the craftsman ~with the environment and making pleas
ing the expression of the indiYidual. To recapitulate: The 
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finishing touches of the artist shall conceal the 1vork of the 
artisan. As the sculptor and painter may only express their 
thoughts in tangible substanee, so it is that the dental esthet

. ist may onl,y express his thoughts by means of the artificial 
denture. The value, therefore, of the prosthetist's creation is 
not in the intrinsic value of the physical material entering 
into it, but in the quality and quantity of thought expressed 
in the artificial substitute. The science and art of prosthesis 
deal with the materials and manipulation of them, whereas 
esthetics has to do with contour and color regardless of the 
material used. Contour and color are concerned with the 
surface only; therefore the lingual, labial, and buccal surfaces 
are the subjects for our further consideration of artificial 
dentures. 

Lingual Surface.-The lingual surface of the maxilla is 
dome-shaped, but varies in conformation from an inverted V 
(A) to a flat surface. As the dome of the mouth is one of the 
resonant chambers, useful in articulate speech, it is e\'ident 
that its form has mueh influence in sound formation. This 
does not imply that a definite shape of the,Yault is necessary 
to articulation, but it does imply that certain conforma
tions are more favorable for clear enunciation than others, 
and that clear enuneiation cannot be had 1vith every vault 
formation. Therefore the prosthetist may mar or improve 
the conditions for good enunciation. The rounded oYal 
dome vault is the best devised for human speech. However, 
the genius of mankind is great, and he can oYercome many 
of the impediments to sound formation. l\eycrtheless, when 
he has required the art of enunciation, any radical change 
in this resonant chamber will necessitate a change in the 
manner in which the tongue is conformed and placed. 
Therefore it is logical to assume that the conformation of 
the lingual surface of the artificial denture should be as near 
the size and conformation of the vault in 'which the subject 
has acquired good enunciation as possible; otherwise the 
indiYidual will have to learn the art of clear speech over 
again. Chapter I, in connection with Figs. 12, 1:3 and 14, 
illustrate the changes that take place due to the loss of the 
tPeth. Fig. 12 dPmonstrates that any mmeccssar,v thickness 
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of the lingual surface of the denture is an impediment to 
speech; hovn~\Tr, as a mechanical appliance is essential to 
restore the lost tissues, good mechanics requires that the 
appa.ratus shall haYe a safe margin of resistance to the stress 
to which it may be subjected. This will require a thickness 
of material in the indirect ratio to the strength, rigidity, 
and elasticity of the material employed. Is it not evident 
that the carving of the lingual contour of the teeth, gums, 
and rug&, as seen in man,v of the illustrations of this book, 
are more than fanciful, that it is the acme of the practical 
in restoring enunciation? Further than this, the restoring 
of the ruga: is beneficial as an aid to the tongue in deglu
tition. Chapter I should be read as a further elucidation 
of this theme. The technic of restoring the lingual surface 
consists of the methods preYiously described and illustrated. 
The requirements of esthetics are that the original contour 
of the lingual surface of the maxilla shall be reproduced 
as nearly as possible; that excessiYe thickness of the linguo
cerYical portion should be employed only ·when other condi
tions make them imperatiYe. 

Labial Surface.-The labial surface may be defined as 
that depicted by the incisor and cuspid teeth. The contour 
of this surface of the artificial dentures is to giYe support 
and form to the oYerlying soft thus restoring the 
anatomical harmony an<.l aiding in the expression. There 
are two portions of this surface to be considered, namely, 
the gum portion and the teeth. Chapter I describes the 
change wrought by resorption of the alYeolar processes, and 
the same chapter explains the muscles and their action 
associated vvith this surface of an artificial denture. 

The contour of the gum portion requires that it shall not 
impinge upon the frenum labii, nor make too full the incisal 
fossa?; but that it shall restore the cuspid emincnces, includ
ing the nasobuccolabial triangles. As pre\'iously suggested, 
the contour for the individual case will be determined by the 
typal condition. The contour of the teeth will be influenced 
by the type and age of the patient. In order to understand 
the typal influences it is necessary to digress from the theme 
of study awl consider abstrnctl)- the temperaments. 
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TEMPERAMENTS. 

Dr. ,Jacques defines temperament as: c\ state of the body 
depending upon certain combinations of the various systems 
and organs and certain functional conditions affecting 
them. 

The temperaments are physiological conditions and are 
usually considered unchangable. Dr . .Jacques, than whom 
there is probably no greater authority, states, on page 110 
of his book, The Temperaments, that: 

''~When once established, the temperament inclines natu
rally to perpetuate and increase itself, since it gives rise to 
habits that exercise the organs on which it depends. A 
change of temperament, then, implies strong counteracting 
influences brought to bear upon the constitution; and as 
such strong influences are in a majority of cases lacking, the 
inherited tendency is generally follovved, and a temperament 
once established is maintained through life. This, how
eyer, is far from being universally the case. The inherent 
predisposition is sometimes entirely overcome and the con
stitution radically changed." 

There are various classifications of the temperaments; but 
the one here used (because it is the one associated with the 
classification of teeth) is the one apparently adopted and 
described by Dr. Spurzheim. 

"1. The Lymphatic Temperament.- The .lymphatic or 
phlegmatic temperament is indicated by pale white skin, 
fair hair, roundness of form, and repletion of the cellular 
tissue. The flesh is soft, the Yital actions arc languid, the 
pulse is feeble; all indicate slowness and weakness in the 
vegetati,,e, affective, and intellectual functions. 

"2. The Sanguine Temperament.-Thc sanguine tempera
ment is proclaimed by a tolerable consistency of flesh, 
moderate plumpness of parts, light or chestnut hair, blue 
eyes, great activity of the arterial system, a strong, full 
and frequent pulse, and an animated countenance. Persons 
thus constituted are easily affected by external impressions, 
and possess greater energy than those of the former tem
perament. 
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"3. The Bilious Temperament.-The bilious temperament 
is characterized by black hair; a dark, yellmdsh, or bro,wn 
skin; black c~·es; moderately full, but firm muscles, and 
harshly expressed forms. Those endowed with this con
stitution have a strongly marked and decided expression 
of countenance; they manifest great general activity and 
functional energy. 

"4. The Nervous Temperment.-The external signs of the 
nervous temperament are fine, thin hair, delicate health, 
general emaciation, and smallness of the muscles, rapidity 
in the muscular actions, viYacity in the sensations. The 
nervous system of individuals so constituted preponderates 
extremely and they exhibit great nervous sensibility." 

These four divisions are spoken of as primary tempera
ments. It would be exceedingly difficult to find an indi
vidual whose organization complied v1ith any one of these 
divisions only. }\fost persons show one temperament 
markedly strong, but modified vYith one or more of the other 
temperaments; while others possess an equal blending of two 
or more temperaments. It is this blending of the classes in 
varying degrees that causes the difference in the physiog
nomy of persons and peoples. HoweYer, to study the com
plex it is necessary to reduce it to its components; therefore 
the temperaments are first studied in the primary classifi
cation, as lymphatic, sanguine, bilious, and nervous; and 
then in the binary classification, as lymphatosanguine, and 
sanguolymphatic, the one being the basic and the other the 
modifying temperament. l~nfortunately, \Hiters are not 
agreed in the manner of forming the compound noun. Some 
writers first name the basic and then the modifier, as sanguo
nervous; others re\·erse the order, as nervosanguine, both 
referring to the same physiognomical condition. Because 
of this confusion of nomenclature the \Hiter prefers using 
a phrase in place of the compound noun, as the sanguine 
modified with the nerYous temperament, or the nenous 
modified by the sanguine temperament. The meaning is 
then unmistakable. 

Dr. J acques states that it is very difficult to get portraits 
representing the lymphatic temperament, but that the 
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illustrations he gives show its general tendency. 
and 403 are reproductions of hYo of his examples. 

Fro. 402 Fro. 403 

Fro. 404 

Figs. 402 
The one 

to the left is modified with the bilious temperament, \vhile 
the one to the right is modified by the sanguine temperament. 
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Figs. 404, 405 and 1106 are reproduetions of his examples of 
the sanguine, bilious, and nenous temperaments consecu
tiYely. 

lt'IG. 405 

FIG. 40(j 
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Professor Prothero, of the Northwestern University 
Dental School, in his book, Pmst!zetic Dentistry, presents a 
condensed table of the primary temperaments and their 
appropriate teeth. The table here reproduced 1vill aid in 
fixing in the mind the main facts pertaining to the tempera
ments and their application to the selection of teeth for an 
edentulous patient. 

Basal tem
peraments. ! 

Eyes. Hair. 

Teeth. 

Color. Shape. 

f Lymphatic ] Pale blue or and silky, Pallid, opaque, or Poorly shaped, 
without muddy yellow broad and fiat. en 1 gray 

s I I 
~ Ranguinc i Blue, brilliant,! Blond-red or 
§: ] j a.nd cxpres- chestnut, seldom 
...... 1 SIVO dark or black 
;;::) 
c 1 Nervous 
·~I 
g 

"' ·~ 
~ Bilious 
c 

I Light gray or 
blue, restless,i 

, often morbidly 
1 brilliant 

I Blaok or 
[ small ! ing 

light, and 

Coarse, dark, 
often black, 
and abundant 

Well propor
tioned, curved 
and rounded. 

or Long, conical, 
and rounded 

bronze· Conical, long, 
and angular. 

There is but one object for the dentist studying the 
temperaments, and that is to aid in selecting teeth of suitable 
form and color. It is true that the classification of tempera
ment is not based upon scientific facts, but nevertheless 
certain facts have been grafted onto the pseudoscience, 
and if the familiar terms are used onlv to define certain 
combinations of form and color no harm 'is done. 

:\Iadame Schimmelpennick, an English authoress, issued 
a ·work in 1815 on the Science of Beauty, from which Fig. 407 
is taken. This reduces the fundamental forms of faces to 
the square, triangle, and circle, with modifications. 

The form of the central incisor being obtained by the 
shape of the face was given in a paper and by demonstration 
by Dr. F. H. Berry, of 1\Iilwaukee, Wisconsin, at Buffalo, 
New York, at the annual session of the Institute of Dental 
Pedagogics, 1903. 
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Dr. J. Leon \Yilliams uses the same geometrical figures 
to express the forms of teeth. Hecently his ~writings have 
appeared in several publications, notably the Dental D·igcst 
beginning with the February 1914 number. 

FIG. 407 

The forms of teeth suitable for the patient l1aving been 
determined, the si:oe and color remain. The size of the 
teeth is determined by instruction giwn under the heading 
Grinding and Setting l'p on page 239. 

Color.-There are but two primary colors that need be 
considered in the color of teeth, yello-w and blue. These 
two colors are found in all teeth in varying shades. The 
brunette IYill have the vellow of a bronze hue, while the 
blonde l'>'ill have the vell~vY of a creamv hue. Blue is in the 
teeth mostly as gra.)~ and its intensit;· will be in the ratio 
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to the intensitv of the color of the skin. The teeth histo
logically are ofthe dermal tissues and derh·e their color from 
the circulating fluids of the body, but with this difference, 
that vvith advancing age the dermal tissues, with the excep
tion of the teeth, lose their intensity, while the teeth increase 
in intensity of color. 

Elaborate descriptions and exten::;ive classifications of the 
temperaments may be found in both the A nwn:can System (~l 
Dentistry a:ncl the /1 m.erican Te~rt-book ~f' Prosthetic Dentistry. 
The student is referred to these works for a further inves
tigation of this subject. 

APPLICATION. 

Hcturning to the theme, labial swface, it remains to appl,y 
the ideas presented under the headings Profile and Tempera
ments. This may best be done by use of a patient. The 
patient (Figs. "108 and 409) has been edentulous for many 
years. She is about sixty years of age, strongly sanguine, 
with a nervous temperament modification. The sanguine 
temperament is indicated by the generally rounded cast of 
features and physique of the blonde type. The nervous 
temperament is indicated by the width of the forehead and 
by the toning down of the blonde type of coloring. 

Figs. 410 and 411 present the patient wearing artificial 
dentures that do not restore the harmony of the face, there
fore causing her to appear more aged than she is. ::\otice 
the straight profile, which should be slightly convex, the 
exaggerated lines about the mouth, the compressed lips, ancl 
the depressed nasobuccolabial triangle. Compare this with 
Figs. -1:12 and 413, in which the features ha\·e been restored 
so that the lips in profile are slightly protruding, the exposed 
mucous membrane is natural and in keeping with the thick
ness of the lips. Observe the gradation from the thin, 
compressed, severe, and repelling expressions of the edentu
lous mouth, to that of the serious, but cheery and pleasing 
expression of the restoration. Surely the dentist's hancli
:work may belie the soul, or it may be in harmony with that 
of the Creator and Father Time. 



FIG. 408 

FIG. 409 
34 



FIG. 410 

FIG. 411 



Fw. 412 

Fw. 413 
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Occlusion and Contour Models.~Chapter IV instructs how 
to form the occlusion models, but necessarily the contouring 
of the models could not, at that time, be discussed. Xmv, 
in the study of the esthetics of restoration, the required 
contours of the wax models should suggest themselves to 
the mind of the student, and he should see that a half-hour 
or even an hour spent in modelling the contour models is 
time well and profitably spent. Fig. 69 shovvs the wax 

models with the median portion and the incish·e foss:£ 
depressed, and the cuspid eminence represented. The occlu
sal border of the upper model overlaps the lower; and the 
lower model is depressed horizontally to represent the sulcus 
mentolahialis of the external surface of the lower lip. While 
the occlusion and contour models represented in Fig. 69 
were not for this patient, their conformation is wry similar to 
that which was required. However, Figs. 2J5, 2-±6 and 2-i7 
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are of the denture in the mouth of the patient shown in Figs. 
·112 and 41:3. 

Technic of Model Contour.-The \Yax models, haYing been 
constructed for occlusion, are placed in the mouth and, 

FIG. 415 

\Yith the face in repose, studied for contour. The face is 
studied in profile and in full front, while the portion of the 
wax models to be added to or taken from is determined bv 
gentle pressure of the fingers upon the external surface ~f 
the lips. While conducting this contour modelling of the 

FIG. 41G 

labial surface of the wax models the prosthetist must be 
certain that the mandible is in retrusion. The anatomy of 
the parts to be considered in the model restorations are 
described in Chapter I. It is unnecessary to cleYelop per-
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fection of restoration in the wax models, for the final esthetic 
restoration is to be wrought in the model dentures; that is, 
with the porcelain teeth mounted on wax. Little attention 
need be given at this time to the linea nasolabialis, nor 
need the patient be shown the restoration; indeed, it is not 
well to call attention to this phase of the construction, 
because the work is only blocked out and a trained imagina
tion is required to comprehend the result, which attribute 
the average patient does not possess. 

FIG. 417 

Buccal Surface.-This surface need not be considered in 
the occlusion models from the view-point of contour, but 
it needs careful consideration at the time of proving the 
occlusion and contour of the model dentures. The patient 
shown in Figs. 412 and 413 requires no buccal restoration, 
and this is true of probably a majority of patients. 
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Fig. 414 is a profile view of a patient requiring exten
sive restoration. Figs. 415 and 416 give two Yiews of the 
required artificial dentures as first developed in the models 
and then reproduced in vulcanite. Figs. 417 and 418 give 
two views of the features restored. The buccal contours do 
more than reduce the excessive dimples of the cheeks; they 
modulate the linea nasolabialis, and in such a way that the 
line is flexible and graceful both in repose and action. If 
the cuspid foss£e are built out in the artificial denture for 

FIG. 418 

the purpose of obliterating these lines in repose, it vvill 
produce an exceedingly disagreeable effect vYhen the mouth 
is in action. 

EXPRESSION IN ACTION. 

If the face were always in repose the study of esthetics 
would be finished, but the severest test of the esthetic 
creation is when the patient is speaking and laughing; for 
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then the size, form, color, arrangement, and individualized 
effect of the teeth are on exhibition, and if the prosthetist 
has concealed the art, he is an esthetist, and need not be 
ashamed of his handiwork. 

TEETH. 

Size.~ The size of the teeth were considered in the technic 
of construction (Chapters I and YI). 

Form and Color.~The form and color of the teeth are 
determined by the class or temperament when the patient is 
edentulous, but are selected to harmonize with the remaining 
teeth in partial cases. 
Arrangement.~The teeth are arranged as instructed in 

Chapter VI, modified slightly so as to conform to the 
individual indications of the patient; that the lymphatic 
type will require the arrangement to be a trifie fiatter and 
broader than described in the mechanical setting up of the 
teeth. The sanguine type will require no change in the six 
anterior teeth, but the bicuspids should be slightly more 
prominent. The bilious type will require the central incisors 
to be depressed so as to give a square effect, but no change 
distal to the cuspids. The nervous type may have the 
centrals more prominent and the cuspids slightly depressed. 

Individualization.--Here no rule can be established, for 
it is the little touches, here and there, by way of slightly 
rotating, inclining, protruding, retruding, extruding, or 
intruding one or more of the teeth; also grinding, inserting 
fillings, and staining the teeth that completes the harmony. 
This work should be done by the aid and with the approval 
of the patient, and possibly a friend. It is often wise to lead 
the patient or friend so that they will suggest the desired 
change. However, this does not imply that inartistic and 
monstrous desires of some patients are to be complied with; 
not at all, but if the patient can be led to suggest what is 
really needed, it will usually be more readily accepted. 
This will prove a good suggestion if properly used. X ever
theless, there are many patients that haye little artistic 
sense, and cannot be asked to aid in this important task. 
'Cnfortunately these are the persons who are later subject 
to the influence of incompetent critics. 
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Gold Fillings.-Gold :fillings may at times be inserted so 
as to great!;, relicYc the artificial effect, especially when the 
patient has had, for years, conspicuous!,\' displayed gold 
:fillings. In such cases it is well to reduce the size and number 
of the fillings and place them so as to giw the appearance 
that the patient has gone to a more esthetic practitioner. 
Gold crowns for display purposes should newr be tolerat<~d 
unless the patient is markedly "loud" and nothing less will 
complete the harmony. 

Techm:c.-The tooth to be :filled is cupped out with a 
small stone, so as to form a saucer-shaped cavity; doYe
tailed grooyes may be cut with a small knife-edged disk 
stone, and retaining pits made with a diamond drill kept 
wet ~with ~water. The tooth maY be mounted with sealing 
wax on a block of wood, as a m~ans of support ~while :filling 
with gold. This mounting may be done before preparing 
the caYity, but preferably after the caYity is cut. 

STAINING THE TEETH. 

The manufacturers of artificial teeth are to be commended 
for the excellence of their product, but such stock cannot 
be indiYidualized at the factory. The expert artisans in the 
factor:' are most competent to prepare the crude earthy 
material, grind. compress, and fuse it into blocks having the 
semblance of teeth, perfect material for the hand of the 
artist. The error has been made by the profession in that 
it demanded of the manufacturer a :finished product for the 
indiYidual case, which is an impossibility. The artist, and 
he is the dentist, must take the product of the artisan and 
indiYidualize it. 

The manufacturer has, for conYenience of marketing, 
arranged his stock of teeth in sets. These sets Yary in 
number from two to twenty-eight teeth, and are of uniform 
color, that the color, tint and shade are the same in 
each of the teeth; while in nature the tint ar~d shade of a set 
of teeth YarY materiallY. 

Shade an(l tint are t~clmical terms of the colorist. Shade 
implies that a small amount of black is added to deepen the 
color, while tint is produced by the addition of ~white. 
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Dr. E. A. lloyce, of Chicago, has called attention to the 
fact that the upper central incisors are the foundation tint 
of the teeth in a set, while in the laterals and cuspids the 
shading is progressive and then diminishes through the first 
and second bicuspids and first molar. The lower teeth 
follow the same rule, beginning with the centrals a little 
darker than the upper centrals. 

The amount of shading in each of the classes of teeth will 
vary with the environment; that is, temperament, age, 
and the influences of waste and repair. Therefore for the 
manufacturers to attempt to supply, through the trade, 
teeth esthetically constructed for each indi\·idual case would 
result in a bewildering confusion. The artisans are doing 
well their part in supplying stock teeth, but the prosthetist 
must develop the esthetics, otherwise he is an artisan and 
not an artist. The operative dentist's claim to professional 
recognition is founded upon pathology; the prosthetist's 
professional claim is based upon esthetics; consequently he 
is, or is not, an artist. 

Materials for Staining Teeth.-The supply houses of both 
this country and Europe have placed upon the market the 
necessary equipment for staining and changing the tint and 
shade of teeth. This equipment consists of a fevv colors 
(either primary or mixed colors), usually a :fluid as an apply
ing medium, a mixing spatula, brushes, and a mixing slab 
of glass or porcelain. As instructions for use accompany 
each outfit, it is unnecessary to consider the various kits. 

The colors are mineral (metallic oxides) incorporated 
with a body of the nature of glass (sometimes called porce
lain). They all fuse and form a glaze over the surface upon 
which they are applied. Therefore to use them to change 
the color of an artificial tooth to match the color of another 
as it comes from the factory is not their intended use. They 
are an overglaze and not an underglaze; that is, the color 
is on the surface, not under the surface. The various 
materials placed upon the market vary greatly in fusibility 
and durability. The rule is, and has been, invariably true 
in the past that the durability is in the inverse order to its 
fusibility. However, the last claimant for consideration 
(I.enox mineral stains) may be an exception to the rule. 
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It certainly is exceptional in some respects. As the fusi
bility of glass and porcelain products has been contingent 
upon the amouut of flux (alkali) incorporated, this nCYY 
material must be subjected to the test of time to prow 
its wearing qualities. The writer has tested the Lenox 
material ~with the Price pyrometer, and has found that 
it takes a Yery good glaze with an exposure of one minute 
at 1100° F., and that it resists the friction of the felt wheel 
and pumice stone. It is better glazed at 1400° to 1500° F. 
It is surprising that the material stands 2300° of heat almost 
as well as the \Yhite and Brewster colors, which require 
at least 2000° F. to give them a suitable glaze. The new 
product is ground exceedingly fine, and in that respect 
is a superior product. I-Im,·ewr, until it has been demon
strated that this new material resists perfectly the disin
tegrating action of the f1uids of the mouth, the writer will 
place his faith in the higher-fusing materials. 

Mixing Fluid.-The ·fluid used has no action upon the 
paint material; it is only a means for applying and retaining 
the powdered pigment. Water, gum-arabic iYater, oils
as cloYes, poppy, laYender, and turpentine-also glycerin, 
are used. \Vater is the most unsatisfactory fluid named. 
Of the oils, that of cloves is excellent; its unctuous nature 
is its only drawback. Glycerin has recently been recom
mended by Dr. Hoyce, and it certainly is an excellent 
medium. 

Technic.-Thc paint or stain is spatulated upon the 
slab iYith the chosen medium to the required consistency 
(thick for deep color, and thin for light tint) and applied 
to the alcohol-cleansed surface of the tooth with a soft 
pencil brush. It may be more evenly spread with a short 
stubby brush used as a stipplcr. Certain effects may be 
produced by a light \Viping stroke of the finger. This will 
remoYe the color from the elevated portions and leave it in 
the depressions and gTooves. Highly vitrified teeth may be 
much improved by spreading the color oYer the surface 
with a pencil brush and stippling with the ball of the finger. 
This produces the columnar crystalline effect of the natural 
tooth. The painted tooth is dried in a moderately \Yarm 
place, then glazed at tl:e required temperature. 
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Suggestions.-The tooth should not be handled with the 
fingers after cleansing with alcohol, but with clamping pliers 
attached to the pins. 

The tooth or teeth 1vhilc in the furnace should be placed 
with the face side upward; the pins, however, should not 
come in contact with the bottom of the furnace or heating 
slab. Place a quantity of finely crushed quartz in the bottom 
of the furnace, or upon the slab, upon which the teeth may 
rest, and also as a protection for the pins from too rapid 
heating, thus aYoiding danger of checking the teeth. 

To prevent blisters in the paint, heat up slowly. The slab 
or tray upon which the teeth are heated may be taken from 
the hot furnace and placed in a cooling muffle. 

Coloring.-It should be remembered that there are but two 
primary colors in the artificial teeth, yellow and blue, but 
many tones (degrees of col or) of these colors. The col or 
of the various teeth is produced by shading, tinting, and 
blending. Therefore in staining teeth the primary color 
must be noted and an estimate made of the amount of 
shading a darker color will produce before producing the 
characteristic color upon the surface. 

It is always easier to deepen the color of a tooth than to 
make it lighter. 

The natural teeth are constantly growing darker with age, 
just in the ratio to the change in the natural complexion of 
the patient. This is due to the fact that the teeth belong 
to the dermal tissue and both are pigmented by the cir
culating fiuids of the body. Therefore in coloring or stain
ing the teeth they may be shaded a little darker than the 
natural ones and be less conspicuous. 

The natural teeth are subject to many external coloring 
influences, as smoking and chewing tobacco or other drugs, 
discolored incipient decay or vvhite or yellow spots from 
defectiYe calcification of the teeth. 

APPLIED ESTHETICS. 

A fe1v practical cases will suffice to elaborate this phase 
of the subject. 



Frc;. 419 

Fw. 4:20 
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Figs. 419 and 420 is the patient preYiously presented, 
laughing. Fig. 419 shmn the gum of the gum-section teeth, 
although much retruded. The teeth are undersize and ha,·e 

FIG. 421 Frc. 422 

FIG. 42:3 

the artificial appearance of their type. Fig. 420 shows 
another Yiew of the contour as illustrated in Figs. ·412 and 
413 properly restored, and if the teeth are of suitable form, 
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Fru. 424 

Fw. 425 

FIG. 42G FIG. 427 
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FIG. 428 

FIG. 429 
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size, color, and individualized, they appear like \Yell-pre
served natural teeth. If they do not harmonize in every 
respect the artificiality of the dentures is more conspicuous 
than in the old ones. 

FIG. 430 

Figs. 421 and 422 present two views of a patient; the one 
upon the left sh01vs the upper of a gum-section set that had 
been worn for thirty years. The gum portion shows also 
the undersized, youthful appearance of the teeth. The lower 
teeth are entirely out of sight. The mouth is much better 
restored in the vievv upon the right. vYhile the clentmes in 

35 
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FIG. 431 

FIG. 432 

}i'w. 433 
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Ji'IG. 434 

FIG. 435 

Ji'IG. 436 
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Figs. 423 and 42,1 are not ones m the patient's mouth, 
they are almost duplicate. 

FIG. 437 

FIG. 438 

FIG. 439 
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Figs. 425 to 430 show the patient and teeth constructed 
to the mouth of the vYilliams "Trubyte" teeth. The teeth 
·were all stained except the upper second molars, which 
were left unstained to show the change produced by staining. 
The effects can be seen in the photos, but it is doubtful if 
it vvill be apparent in the half-tones. 

Figs. 431 to 434 show different phases of esthetie restora
tion in continuous gum work. This is the completed case, 
the skeleton of which is shown in Figs. 34+ and 345. 

Figs. 435, 436 and 437 are Yiews of a continuous gum 
upper and cast metal lower that haYe been doing serYice for 
some years. The dentures had been worn four years when 
the photos were taken. 

Figs 438 and 439 are two Yie1vs of a case, requiring a 
unilateral restoration, for a cresent-shaped face viewed from 
the front. 
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Spee, 22 Die, 414 
three-point contact and, 22 Babbit metal for, 415 

parabolic, 31, 34 · bismuth compound for, 415 
Bonwill's demonstration of, and counter method for gold 

35 base-plate, 408 
determination of, 35 metal for, 414 
modifications of, 35 pouring of, 416 

of Spee, 21 zinc for, 414 
curvature of, 22 Disks for retention, 317 
distinction of, from compen- Double vulcanization, 372 

sating curve, 22 Doublers, 422 
Custer's furnace, 462 formation of, 423 
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Doublers for partial gold base
plate, 422 

soldering of, to gold base-plate, 
429 

ELECTRIC lathes, 224 
Elgin vacuum casting machine, 401 
Emergency vacuum chamber, 300 
Emery, 227 

for polishing, 227 
Eminentia articularis, 23, 24 
Enamelling of continuous gum 

dentures, 472 
Enamels for porcelain teeth, 353 
Encasement, metal, for artificial 

velum. 492 
English dental tin, 119 

double punch, 435 
Enlarged raphe, impressions for, 96 
Equalized pressure test for model 

dentures, 275 
Equilateral triangle, 255 
Eruption of teeth, 38 
Esthetics, 508 

applied, 540 
relation of, to dentistry, 510 

of occlusion models to, 532 
teeth and, 537 

Evans' antagonizor, 169 
Expansion of plaster, 65, 71 
Expression, facial, in action, 535 

muscles of, 29 
Extension for retention, 31, 119, 

306, 324, 327 

F 

FAcE, anatomy of, 17 
bow, mounting of casts with, 198 

occlusion models and, 158 
Snow's, 158 
interdental splints and, 476 
technic of, 159 
use of, 159 

divisions of, 17 
ideal Greek, 18 " 

Facial expression in action, 535 
Feldspar, 349 

composition of, 349 

Feldspar for dental porcelam, 350 
preparation of, 350 

Ferrules, 336 
for gold base-plate, 450 
indications for, 336 

Files for vulcanite, 223 
Finishers, soldering of, to gold 

base-plate, 430 
wire, soldering of, to gold base

plate, 431 
Finishing of artificial velum, 492 

of partial vulcanite dentures, 291 
Flame method for removal of teeth 

from vulcanite dentures, 292 
Flask, closing of, cloth for, 283 

dangers in, 283 
for double vulcanization, 377 
for gold base-plate, '108 
heating of, 279 
opening of, 278 
placing of, in vulcanizer, 284 
press, 211 

and Wilson spring, 212 
power of, 212 

removal of vulcanite denture 
from, 284 

from vulcanizer, 284 
of wax from, 279 

Snow, for interdental splints, 476 
vulcanite, 206 

box, 211 
Whitney's, 208 

18A, 341 
Wilson's, 208 

Flasking of aluminum base-plate, 
390, 397 

clasp dentures, 341 
for double vulcanization, 377 
of model for artificial velum, 490 

dentures, 277 
of partial vulcanite dentures, 289, 

341 
Flask-tongs, 221 
Flat spring clasps, 335 
Flooring plaster, 62 
Flux for porcelain teeth, 3;33 

for soldering of gold, 426 
Fossa, glenoid, 23 
Frame, occlusion, 168 
French's dental plaster for cast, 139 
Frits for porcelain teeth, 353 
Full artificial dentures, retention of, 

304 
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Full lower gold base-plate, swaging 
of, 421 

impressions, 96 
Furnaces for continuous gum den

hires, 461 
Fusible metal method for repair of 

vulcanite dentures, 295 

G 

GAs stove heat for vulcanite, 234 
Gasolene furnace, 434 

heat for vulcanite, 234 
Gas-regulator for vulcanizer, 213, 

215 
Gilmoro attachment, 347 

noodles for plaster of Paris, 67 
Glandular tissues of mouth, exami

nation of, 53, 54 
Glenoid fossa, 23 
Glossing, 231 

method of, 231 
of vulca.nite, 231 

Glycerin method for removal of 
teeth from vulcanite dentures, 
292 

Gold, alloys of, 406 
base-plate, 406, 407 

cast for, 408 
cores for, 410 
counter-die for, 416 
die for, 414 

and counter method for, 408 
edge of, turning of, 395 
ferrules for, 418 
flask for, 408 

Bailey, 408 
Hawes' parting, 412 
Lewis, 408 

full lower, swaging of, 421 
impression for, 408 
methods for, 407 

casting, 407 
swaging, 407 

model for. 408 
molding for, 408, 412 

sand for, 412 
technic of, 413 

partial, 438 
casting method for, 441 
doublers for, 422 
lower dentures, 4·±3 

Gold base-plate, partial, soldering 
of clasps to, 440 

Spence plaster compound 
for, 440 

swaging of, 421, 440 
files for, 421 
nippers for, 421 

for partial upper dentures, 438 
repair of, 452 
soldering of attachments to, 

429 
of buccal finishers to, 430 
of doublers to, 429 
of finishers to, 430 
of labial finishers to, 430 
of porcelain to, 435 

backings for, 435 
investment for, 437 

cooling of, 437 
heating of, 437 

of retainers to, 432 
of teeth in. 434 
warping in, 433 
of wire finishers to, 431 

swaging of, 407, 417 
annealing in, 418 
buccal finishers to, 430 
buckling in, 419 
C clamp for, 419 
half counter-die for, 421 
horn mallet for, 418 
labial finishers to, 430 
pattern for, 417 
"pickle" for, 419 
rubber mallet for, 418 

characteristics of, 406 
clasp, 407 
fillings, teeth and, 537 
fineness of, standard of, 406 
plate, 406 
solder, 406 
soldering of, 424 

asbestos block for, 424 
blowpipe for, 426 
charcoal block for, 424 
flux for, 426 
holders for, 424 
investment compound for, 

424 
magnesia block for, 424 
technic of, 424 

swaging of, 408 
Greeno-Supplee method, 117-119 
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Greene's method for full upper im-
pressions, 56, 114, 117 

Griffin swaged tray, 119 
Grinding of vulcanite, 223 
Gritman's antagonizor, 172 
Gum dentures, continuous, 460 

enamel, 461 
flabby, in full upper impressions, 

91 
porcelain teeth, 356, 363 
"section" porcelain teeth, 363 

Gunning interdental splints, 475 
Gutta-percha, 57, 61 

base-plate, 151 
source of, 61 
use of, 61 , 

Gypsum, 61 
burning, chemistry of, 62 
composition of, chemical, 61 
"dead-burned " 63 
impurities in, Ell 
massive, 61 
products, grinding of, 64 
rock, 61 

Gysi's antagonizor, 17 4 
mounting of casLs upon, 181 

measuring instruments, 162 
determination of condyle 

path with, 162 
for lateral movements of 

mandible, 162, 253 
technic for, 162-167 

on "trubyte" teeth, 364 

H 

HALF-ROliND spring clasps, 335 
Hall method for antagonization, 

260-273 
for impression, 119-126 

Hands, cleansing of, for examina
tion of mouth, 44 

Hard casts, technic for, 236 
velum obturator, 494 

Hard-finish plaster, 62 
Hare-lip, cleft-palate and, 480 
Harmony, 482 
Hawes' parting flask, 412 
Hayes' antagonizor, 170 
Heat for vulcanite, 231 
Horn mallet for swaging, 418 
Hunk-bite, 144 

Hydrogen sulphide in vulcanite, 
196, 200 

Hydrostatic law of retention, 299 

I 

L\1PRESSIO='i, 55 
for aluminum base-plate, 385 
for artificial vclum, 483 
definition of, 55 
for double vulcanization, 372 
for enlarged raphe, 96 
filling of, 133 
full lower, 96 

classification of, 96 
ridge in, broad, 96, 97 

flat, 99 
high, 97 
thin, 99 

technic of, 97 
"new scheme " 56 
principles, 119 
upper, classification of, 79 

flabby gum in, 93 
flat vaults in, 91, 92 
Greene's method for, 114, 

115, 117 
high vaults in, 90 
interspersed hard and soft 

tissues in, 93 
modelling compound for, 

112-119 
"muscle trimming" in, 114 
normal, 79 
plaster for, mixing of, 83 
position of patient in, 83 
reinforcement for, 81 
removal of, 86 
soft tissues in, 91 
technic of, 79 
tray in, adjustment of, 80 

filling of, 84 
insertion of, 84 
placing of, 84 
reinforcing of, 81 

for gold base-plate, 372 
gutta-percha for, 60 
for interdental splints, 476 
materials for, 57 
modelling compound for, 59 
partial lower, 109 

classification of, 109 
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Impression, partial upper, 101 :Isolated teeth method in partial 
alternating teeth and spaces ' upper impressions, 106 

in, 103 Isosceles triangle, 255 
anterior teeth in, loss of, 101 
classification of, 101 
detachable tray method in, 

107 
isolated teethmethodin, 106 
posterior teeth in, loss of, 

103 
plaster of Paris for, 61 

removal of, from casts, 137 
pouring of, 135 
preparation of, 133 
for retaining base-plate for arti-

ficial velum, 492 
scheme for, 55 
separating fluids for, 134 
separation of, from casts, 137 
trays, 73 

body of, 74 
definition of, 73 
distinction of, from cups, 73 
flanges of, 7 4 
floor of, 74 
forms of, 74 
handle of, 7 4 

J 

JACKSON crib clasp, 334 
Jaw, development of, eruption of 

teeth and, 38 
lower, 25. See .Mandible. 

Jeweller's triple burner, 223 

K 

KAOLIN, 350 
composition of, 350 
for dental porcelain, 350 
use of, 351 

Kingsley's alloy, 457 
Knives, plaster, 141 

L 

materials for, 7 4 LABIAL surfaces of artificial den-
nomenclature of, '74 tures, 521 
removal of, in vulcanite den- Lateral movements of mandible, 

tures, 288 253 
surfaces of, 7 4 Bennett on, 253 

for upper vulcanite dentures, 288 Gysi on, 253 
use of, 133 Lathes, 224 
varnishes for, 134 care of, 227 
for vulcanite dentures, 235 electric, 224 
wax for 57 58 polishing, 224 

Incisor pa'th, ;.egistration of, 162 power for, 224 
India-rubber, 182. See Caout- Le Chatelier's theory of setting of 

chouc. plaster, 64 
Inferior maxilla, 25. See Man-[ Lenox mineral for staining of teeth, 

dible. ' 538 
Interdental splints, 475 Leverage in retention, 302, 310 

cast for, 476 Lewis cross-bar vtJlcanizer, 212 
construction of, 476 flask. 408 
Gunning, 476 Ligaments, 26 
impressions for, 476 function of, 26, 27 
Snow face bow and, 477 Line, naso-auditory-meatus, 18 

flask for, 477 , Lines in occlusion models, marking 
Iridoplatinum wire for continuous I of, 156 

gum dentures, 464 i Lingua.] surfaces of artificial den-
Ironing-in method for repair of tures, 520 

vulcanite dentures, 296 Lips in dental profile, 518 
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Lower impressions, full, 96 
partial, 109 

jaw, 25. See Mandible. 
Luting of model dentures to casts, 

276 
Lymphatic temperament, 522 

M 

J\IAGNESIA block for soldering 
continuous gum dentures, 

464 
of gold, 424 

Magnesium oxychloride, 132, 236 
Mallet, horn, for swaging, 418 

rubber, for swaging, 418 
:\Iandible, 25 

body of, 25 
condyle of, 23, 24 

relation of, to glenoid fossa, 2,1-
importance of, 25 
mastication and. 26 
movements of, 25 

lateral, 253 
Bennett on, 24, 253 
measurement of, 253 

Gysi on, 253 
muscles of, 27 
rami of, 25 

Mandibular surfaces, s1ze of, sig-
nificance of, 49 

Manifolder for vulcanizer, 215 
j\Iassive gypsum, 61 
:\lastication, 41 

loss of teeth and, 43 
mandible in, 25 
muscles of, 27 
purpose of, 41 

Maxilla, inferior, 25. See Mandible. 
Maxillary raphe, examination of,48 

surfaces, size of, significance of, 
49 

suture, examination of, 49 
Measuring instruments, Gysi's, 162 

for occlusion models, 162 
:Vlechanico-anatomical antagoniza-

tion in vulcanite dentures, 244 
Metal base-plate, 153 
Mineral wax, 58 
Mitchell on palate and vomer res

toration, 498 
Model for artificial velum, 489 

Model contour, 143. See also Oc
clusion models. 

technic of, 533 
dentures, 273 

antagonization of, proving of, 
274 

conversion of, into vulcanite, 
276 

deglutition test for, 275 
equalized pressure test for, 

275 
finishing of, 273 
flasking of, 277 
luting of, to casts, 276 
occlusion of, proving of, 274 
opening of flask in, 278 
proving of, 274-
removal of, from antagonizor, 

277 
for vulcanite dentures, 273 

distinction of, from cast, 128 
for gold base-plate, 408 
occlusion, 143 

J\Iodelling compound, i59 
b21se-plate, 148, li50 · 
composition of, 59 
formula for, vVilliams', 60 
for full upper impressions, 112 
manipulation of, 60 
Schoenbeck on, 59 

Molars in vulcanite dentures, posi
tion of, 244 

Molding for gold base-plate, 408, 
412 

of porcelain teeth, 3i53 
sand for gold base-plate, 412 

Molecular attraction in retention, 
311 

Morgan attachment, 341 
Mounting of casts, 176 
Mouth, 17 

examination of, 45 
fluids o£, 53 
hands in, cleansing of, 44 
method of, 45 
mouth mirror in, 4i5 
muscular attachments of, i53 
protection of patient during, '14 
seating of patient during, 44 
tissues of, glandular, 53 

mucous, 53 
submucous, i53 

use of, 41 
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Mucous membrane in retention of 
full artificial dentures, 307 

tissues of mouth, examination of, 
53 

Muscle trimming in full upper 
impressions, 114, 117, 332 

Muscles of expression, 29 
of mastication, 27 
of maxillm, 30 

Mush-bite, 144 

N 

~ASO-AUDITORY-l\!EATL'S line, 18 
occlusion models and, 153 

Nausea, 325 
treatment of, 325 

~ervous temperament, 523 
New impression plaster, 73 

scheme, 5() 
Kielsin impression plaster, 73 
Nitrohydrochloric acid, vulcanite 

and, 205 
Nomenclature, Basle Anatomical, 

32 

0 

0BTUHATOH for cleft palate, 480, 
494 

denture, 495 
493 

vehun, 
Occlusion frame, 168 

mounting of casts upon, 176 
use of, 176 

models, 143 
base-plate for, 146 
bite gauges in, 157 
condyle path in, 157 
construction of, 153 
definition of, 143 
for double vulcanization, 335 
face bow and, 158 
lines in, marking of, 156 
materials for, H4 
measuring instruments for, 162 
naso-auditory-meatus line and, 

154 
plane of teeth in, 154 
protrusion of chin in, 155 
'36 

Occlusion models, relation of, to 
esthetics, 532 

retrusion of chin in, 155 
testing of, 155 
use of, 144 
for vulcanite dentures, 238,287 

of teeth, 32 
Oxyphosphate of zinc cement for 

repair of casts, 142 
vacuum chambers and, 314 

p 

PACKING for double vulcanization, 
380 

of rubber for vulcanite dentures, 
281 

Palate, cleft, 480 
soft, 30 

artificial dentures and, 30, 31 
and vomer restoration, Mit-

chell on, 498 
Pambolic curve, 34 
Paraffin base-plate, 147 
Paris, plaster of, 61 
Parker shot swager, 405 
Partial casts, 139 

gold base-plate, 438 
impressions, lower, 109 

upper, 101 
plates, Beech method, 453 

Cummet method, 453 
vs. bridge dentures, 453 

vulcanite dentures, 289 
Peripheral bearing, 119, 324, 32"1 
Petroleum heat for vulcanite, 234 
Physiognomy, relation of, to teeth, 

513 
"Pickle" for swaging of gold base

plate, 419 
Pigments for dental porcelain, 352 
Pink rubber for double vulcaniza

tion, 380 
"Finless" porcelain teeth, 359 
Pins, base metal for porcelain 

teeth, 366 
countersunk, for porcelain teeth, 

361 
platinum, for porcelain teeth, 359 

Plain porcelain teeth, 356, 360, 361 
Plane of teeth, 18 

cubical block formation and,20 



562 INDEX 

Plane of teeth in occlusion models, 
154 

Plaster, calcined, 62 
casts, shape for, 136 
cement, 62 
classification of, 61 
compound, Spence's, 130 

manipulation of, 131 
Portland cement in, 130 

compressibility of, 67, 71 
contraction of, 67 
expansion of, 67 
flooring, 62 
hard finish, 62 
knives, 142 

·Wilson's, 142 
of Paris, 61 

for casts, 130 
formula of, 61 
Gilmore needles for, 67 
physical properties of, tables 

for, 66, 68 
pulverization of, 66 

setting of, Le Chatelier's theory 
of, 64 

stucco, 62 
wall, 62 

Plate attachments, Condit, 344 
Gilmore, 347 
Morgan, 344 
Roach, 347 

gold, 406. 
porcelain teeth, 361 

Platinum base-plate for continu
ous gum dentures, 463 

continuous gum dentures and, 
460 

pins for porcelain teeth, 357 
Pliers for clasps, 339 
Polishing of aluminum base-plate, 

397 
brushes for, 229 
buffers for, 229 
carborundum for, 227 
of continuous gum dentures, 473 
corundum for, 227 
emery for, 227 
lathes, 224 
powders for, 229 
prepared chalk for, 229 
pumice stone for, 229 
stones for, 227 
of vulcanite, 223 

Polyprene in vulcanite, 195, 197 
Porcelain for continuous gum 

dentures, 461, 470 
dental, 349 

alkalies for, 351 
composition of, 349 
definition of, 349 
feldspar for, 349 
kaolin for, 350 
materials for, 349 
pigments for, 352 
potassium for, 351 
silica for, 350 
sodium for, 351 

soldering of, to gold base-plate, 
435 

teeth, 348 
anchorage for, 359 
attachment of, to base, 357 
base metal pins for, 366 
"block" 363 
body f~r, 352 
burning of, 355 
casting of, to aluminum base-

plate, 401 
for celluloid models, 360 
classification of, 356 
countersunk pin for, 361 
"diatoric," 359 
enamels for, 353 
flux for, 353 
forms of, 360 

improvements in, 363 
Williams', 363 

frits for, 353 
gum, 356, 363 
"gum section," 363 
history of, 348 
manufacture of, 352 
molding of, 353 
"pinless," 359 
plain, 356, 360 
plate, 361 
platinum pins for, 357 
stock material for, 352 

Portland cement in Spence's plaster 
compound, 130 

Potassium for dental porcelain, 
351 

Powders for polishing, 229 
Prepared chalk for polishing, 229 
Pressure, atmospheric, in reten-· 

tion, 298 



INDEX 563 

Pressure, equalized, test for model 
dentures, 275 

Price's artificial stone, 131 
for casts, 131 
composition of, 131 
manipulation of, 131 

furnace, 462 
Profile, concave, 512 

convex, 512 
dental, 512 

lips in, 518 
straight, 512 

Prosthesis, definition of, 508 
Protesyn, 369 
Prothero's cast compound, 132, 

236 
Pumice stone for polishing, 229 
Punch, English "double," 435 

single, 435 
Pyrometer, 462 

Q 

QuARTZ, 350. See Silica. 
Quash-bite, 144, 145 

R 

Retention, disks for, 317 
by ferrules, 336 
of full artificial dentures, 304 

conditions affecting, 304 
fluids in, 309 
mucous membrane in, 307 
shape in, 310 
size in, 304 
soft tissues in, 304 
submucous tissue in, 307 
tension in, 308 
tone in, 308 

hydrostatic law of, 299 
leverage in, 302, 310 
of lower base-plate, 306 
molecular attraction in, 311 
of partial vulcanite dentures, 328 
physical laws of, 298 
principles of, 298, 310 

application of, 310 
soft vulcanite in, 316 
Speyer's cohesion surface forms 

for, 320 
by tensofriction, 327 
vacuum chambers and, 314 
velum rubber in, 316 

Rigid clasps, 329, 335 
Roach attachment, 347 

loop clasp, 334 
Rock gypsum, 61 
Roots, examination of, 46 

RAPHE, enlarged, impressions for, 1 Round spring clasps, 333 
96 Rubber, 182. See Caoutchouc. 

maxillary, examination of, 49 for artificial velum, 492 
Reese's alloy, 457 mallet for swaging, 418 
Relief chamber for a.luminum base- packer, Zurbrigg's, 282 

plate, 386 packing of, for vulcanite den-
Repair of vulcanite dentures, 292 tures, 281 
Replacement method for repair of pink, for double vulcanization, 

vulcanite dentures, 296 380 
Resinoid preparations for base- velum, 316 

plate, 151 
Restoration, unilateral, 549 
Retainers, soldering of, to gold 

base-plate, 432 
Retention, adhesion by contact in, 

301, 305, 311 
of artificial dentures, 298 
atmospheric pressure in, 298, 313 
balancing of plate in, 336 
base-plate outline in, 310 
by cementation, 342 
by clasps, 328 

s 
SAFETY-VALVE for vulcanizer, 212 
Sand, molding, for gold base-plate, 

412 
Sanguine temperament, 555 
Shoenbeck on modelling com

pound, 59 
Schwartz method of rigid clasps, 

335 
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Scalene triangle, 255 
Scrapers, vulcanite, 223 
Selenite, 61 
Separating fluids for impressions, 

134 
Setting of plaster, Le Chatelier's 

theory of, 6,1 
Sheet-iron method for removal of 

teeth from vulcanite dentures, 
292 

Shrinkage in continuous gum den
tures, 470 

Silex method in cast for vulcanite 
dentures, 279 

Silica, 350 
composition of, 350 
for dental porcelain, 350 
preparation of, 350 
use of, 350 

Single punch, 436 
Snow's antagonizor, 173 

mounting of casts upon, 177 
bite-gauges, 157 
face bow, 158 

interdental splints and, 475 
flask for interdental splints, 477 

Sodium for dental porcelain, 351 
Soft palate, 30 

tissues in retention of full arti
ficial dentures, 304 

vulcanite, 316 
Solder for continuous gum den

tures, 46,1 
gold, 406 

Soldering of gold, 424, 
Spatulas for wax, 205 
Spee, curve of, 21 
Speech, '12 

teeth and, '12 
artificial, 42 
loss of, 43 

Spence's plaster compound for 
casts, 130 

for double vulcanization, 
377 

for partial gold base-plates, 
440 

in vulcanite dentures, 236, 
288 

Speyer's cohesion surface forms for 
retention, 320 

Splints, interdental, 475 
Spring clasps, 329, 331 

Spnw formers for aluminum base-
plate, 388 

Staining of teeth, 537 
Star vulcanite flask, 207 
Stay clasps, 329 
Steam gauge for vulcanizer, 213 

pressure in vulcanizer, 218 
"Sticking up" of artificial dentures, 

308 
Stones for polishing, 227 

use of, 229 
Straight profile, 512 
Stucco plaster, 62 
Submucous tissues of mouth, exam

ination of, 53 
in retention of full artificirtl 

dentures, 307 
"Suction" plate, 300 
Suersen obturator, 493 
Sulphur in vulcanite, 19.5 
Supplee credit, 56 

hot-water heater, 119 
Surfaces, mandibular, size of, sig

nificance of, 49 
maxillary, size of, significance of, 

49 
Suture, maxillary, examination of, 

48 
Swaged aluminum base-plate, 402 

tray, 119 
Swaging of aluminum by die and 

counter-die method, 402 
of full lower gold base-plate, 421 
of gold, 408 

base-plate, 408, 417 
method for partial gold base

plates, 440 

T 

T A:'-fG attachment for bar, lower, 
451 

Teeth, 31 
anterior, loss of, in partial upper 

impressions, 101 
arrangement of, 536 
artificial, speech and, 42 
classification of, 31-34 
color of, 536 
coloring of, 5'10 
eruption of, 38 

development of jaws and, 38 
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Teeth, eruption of, order of, 38 
esthetics and, 535 
examination of, 46 
form of, 536 
function of, 31 
gold filling and, 537 
grinding of, in vulcanite den

tures, 239, 288 
individualization of, 536 
loss of, importance of, 43 

mastication and, 43 
results of, 43 
speech and, 42 

occlusion of, 34 
parabolic rows of, 31 
plane of, 19 

in occlusion models, 154 
porcelain, 348 
posterior, loss of, in partial upper 

impressions, 103 
relation of, to physiognomy, 513 
removal of, from vulcanite den

tures, 292 
setting up of, in vulcanite den

tures, 239, 240 
size of, 536 

Tin base-plate, alloys for, Bean's, 
457 

Kingsley's, 457 
Reese's, 457 
·watt's, 457 
vYeston's, 457 

casting of, 457 
metal for, 457 
technic of, 457 
Watt's flask for, 457 

method in cast for vulcanite 
dentures, 280 

Tinfoil for double vulcanization, 
375, 376 

Tongue, 28 
function of, 28 

Trays, impression, 73 
Triangle, equilateral, 255 

isosceles, 255 
scalene, 255 

Trimmers, vulcanite, 223 
"Trubyte" teeth, Gysi on, 364 

Williams on, 363, 549 
Truman on porosity of vulcanite, 

204 

and spaces, alternating, in par-
tial upper impressions, 103 ' u 

speech and, 42 
for spring clasps, form of, 331 
staining of, 537 

by Lenox mineral, 538 
materials for, 538 
metallic oxides for, 538 
technic of, 539 

"trubyte," Gysi on, 364 
Williams on, 363 

view of, as truncated cone, 37 
Temperaments, 522 

bilious, 523 
classification 
definition of, 
lymphatic, 522 
nervous, 523 
sanguine, 522 

522, 526 

Temporomandibular articulation, 
23 

Tensofriction, 327 
retention by, 327 

Thermometer for vulcanizer, 213, 
220 

Time-regulator for vulcanizer, 215 
Tin base-plate, 146, 457 

· Ul\ILA'l'EHAL restoration, 549 
vacuum chambers, 315 

Upper impressions, full, technic of, 
79 

partial, 101 

V ACUUlii chambers, 314 
for aluminum base-plate, 349 
attachment of, 314 
bilateral, 315 
for castings, 314 
construction of, 314 
edges of, 314 
forms of, 315 
indications for, 314 
materials for, 314 
oxyphosphate of zinc cement 

and, 314 
retention and, 314 
soft vulcanite for, 316 
unilateral, 315 
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Vacuum chambers, velum rubber 
for, 316 

Varnishes for impressions, 134 
Vault, dental, distinction of, from 

dental arch, 47 
examination of, 47 
value of, 48 

flat, difficult, in full upper Im
pressions, 92 

in full upper impressions, 91 
high, in full upper impressions, 

90, 91 
maldevelopment of, 48 

Vegetable wax, 58 
Velum artificial, 480 

cast for, 4B5 
for cleft palate, 480 
construction of, 483 

finishing of, 492 
impression for, 483 

Case's method of, 483 
for retaining base-plate for, 

492 
model for, 487, 489 

adjustment of, to mouth, 489 ' 
flasking of, 490 
metal encasement for, 490 

retaining base-plate for, '192 
rubber for, 492 

obturator, 495 
palati, 30 
rubber in retention, 316 

for vacuum chambers, 316 
Volute spring, 208, 212 
Vulcanite, 182, 185 

advant11ges of, 204 
in artificial dentures, 204 
attachment of swaged aluminum 

base-plate to, 403 
base-plate, 151 

advantages of, 151 
disadvantages of, 151 
technic of, 152 

buffing of, 229 
chemistry of, 192 
chisels, 223 
coefficient expansion of, 191 
composition of, 187 . 
dentures, antagonization in, 24,1 

proving in, 246 
base-plates for, 238 
bicuspids in, intercuspation of, 

243 

Vulcanite dentures, casts for, 23;'5 
silex method in, 279 
tin method in, 280 

compensating curve in, 2,15 
complete, 235 
contour model for, 287 
conversion into, of model den-

tures, 276 
diagnosis for, 235 
examination of mouth for, 287 
finishing of, 285 
flask in, closing of, 283 

opening of, 278 
impression for, 235 

flask in, removal of, 284 
insertion of, 286 
lower, construction of, 287 

impressions for, 289 
mechanico-anatomical antag-

onization in, 244 
model dentures for, 273 
molars in, position of, 2,14 
mounting on, antagonizor in, 

239 
occlusion and contour models 

for 238 
moddl for, 289 

partial, 289 
flasking of, 289 
finishing of, 291 
retention of, 291 

prognosis for, 235 
removal of, from flask, 284 

of teeth from 292 
flame method for, 292 
glycerin method for, 292 
sheet-iron method for, 292 

repair of, 292 
additions to old plates for, 

297 
fusible metal method for, 295 
ironing-in method for, 296 
replacement method for, 296 
wax method for, 293 

rubber for, packing of, 281 
short balancing curve in, 245 
specific gravity of, 190 

table for, 191 
Spence plaster compound in, 

288 
teeth in, grinding of, 239, 288 

setting up of, 239, 240 
grinding in, 239 
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Vulcanite dentures, upper, con-' Vulcanization, double, packing for, 
struction of, 287 380 

impressions for, 287 peripheral strings in, 377 
wax casts in, removal of, 287 pink rubber for, 380 

disadvantages of, 204 proving of contour of, 37 4 
double vulcanization of, 372. See separating cloth for, 380 

Vulcanization, double. Spence's plaster compound for, 
files for, 223 377 
flasks, 206 technic of, 372 
formula for, chemical, 192 temperature for, 202 
formulas for, 187, 188 tinfoil for, 375 
glossing of, 231 \Yalker's granular gum for, 380 
grinding of, 223 temperature for, 202 
he!tt for, 231 Vulcanizers, 212 

alcohol, 234 blow-off for, 213 
Bunsen burner, 231 gas-regulator for, 213, 215 
gas stove, 23<1 leakage in, 221 
gasolene, 23<1 Lewis' cross-bar, 212 
jeweller's triple burner, 232 manifolder for, 213 
petroleum, 234 operation of, 215 

history of, 182 placing of flask in, 202 
hydrogen sulphide in, 196 removal of flask from, 284 
nitrohydrochloric acid and, 205 safety-valve for, 213 
polishing of, 223 steam gauge for, 213 
polyprene in, 195 pressure in, 218 
porosity of, 189, 198, 199, 204 elastic force of, 219 

Truman on, 204 thermometer for, 213, 219 
properties of, physical, 189 time-regulator for, 216 
repmr of, 1\JO operation of, 218 

223 setting of, 216 
. . vacuum chambers, 316 use of, 215 
m retentwn, 317 : Vulcanizing, technic of, 221 

solvents of, 189 
sulphur in, 190 

223 
\Yeller's experiments with, 184, 

192 
work, instruments for 205 

Vulcanization, 197, 201 ' 
chemistry of, 192, 197 
double, 372 

base-plate for, 372 
cast for, 372 
finishing of. 381 
fiask for, 377 

separation of, 378 
Wilson's, ;)77 

Iiasking for, 377 
. preparation of case for, 37 4 
nnpresswns for,· 372 
mounting of teeth for 374 
occlusion and contou{· models 

for, 373 

w 

IYALimn's antagonizor, 1'70 
granular gum for double vulcan-

ization, 380 
IV all plaster, 62 

, Warping in soldering of gold base
. plates, 433 
Watt's alloy, 457 

flask, 457 
1 Wnx, 57 
1

1 

characteristics of, 57 
and compounds for casts, 132 

· instruments for, 205 
method for rel)air of vulcanite 

dentures, 293 
mineral, 58 

composition of, 58 
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Wax model base-plate for alumi-
num base-plate, 386 

removal of, from flasks, 279 
spatulas for, 205 
vegetable, 58 

Wax-bite, 144 
vVeinstein's cast compound, 119 
vVeston's alloy, 457 
vVhcels, carborundum, 227 
White wax, 57 
vVhitney's vulcanite flask, 208 
vVilliams' forms of porcelain teeth, 

363 
on form, 527 
formula for modelling compound, 

60 
on "trubyte" teeth, 363, 549 

vVilson's flask for double vulcani
zation, 337 

plaster knife, 142 

vVilson's vulcanite flask, 208 
vVire method, double, for bar, 

lower, 446 
single, for bar, lower, 443 

reinforcing, for continuous gum 
dentures, 467 

y 

YELLOW wax, 57 

Znw for die, 414 
oxyphosphate of, cement, for 

repair of casts, 142 

Zurbrigg's rubber packer, 282 
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