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PREFACE TO SECTION T

Electrodeposition and its Application to Dentistry

In the early decades of the twentieth century considerable
interest was shown in the adaptation of the principles
governing electrodeposition, to dental procedures, Prior to
this numerous attempts to apply it to the dental field had
been tried and discarded. The papers which are attached
hereto, culminated in the publication of a monograph on the
subject, issued by the Canadian Dental Research Foundation in

October 1943.

During the 1940's and 1950's the fabrication of dental
models, electrolytically, for the production of inlays and
crowns (particularly porcelain jacket), was common practice.
The apparatus required was simple and inexpensive to assemble.
It provided the most accurate method known for the
reproduction of an impression. The surface of the model

produced was hard and clean.

The introduction of new, hard surfaced, accurate model
materials in the last decade, which match all the advantages
of ‘the electrodeposition process and which by comparison, are
superior timewise, has resulted in the virtual elimination of

a once useful technique.
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The Electrodepositio

by ROY G. ELLIS, B.D.S. (Adel), D.D.S, B.Sc. (Dent.)
Associate Professor of Operative Dentistry, U, of 1.

] WURING the Jast half century dentistry
# has wilnessed many great advances,
so that it is now well established in the
forefront of the important professions.
To achicve this end much valuabie origi-
nal work has been done by individual
members of the profession and much has
been learned from the expericnce of
others. We bave turned repeatedly to the
allicd arts and scicnces and the knowl-
edge gained we have adapled to our own
specific needs.

The principles  governing the  pro-
cedures outlined herein apply to the
- dental application as well as to the trades
in question. The
either case are dependent upon the prin-
ciples of clectrolysis. It is known that
during the conduction of electricity
through a solution, chemical decomposi-
tion takes placc and the metal contained
therein is deposited in its pure form. By
this nicans it is possible, firstly, to deposit
a thin vencer ol one mectal upon another,
namely to clectroplate it, and sccondly, it
is possible to lay a metallic deposit upon
an object, whether that object be metallic
or non-metallic, without actual union tak-
ing placc and thus to build a counterpart
to the ahject.. This latter process is known
as Electroforming.

resulls  obtained in

ELECTROPLATING

In the electroplating trade the article to
be plated is of a metallic nature and
therelore a conductor of clectricity. Tt 15
attached to the negative terminal (cath-
ode) of a battery or suitable source of

current and is placed in a tank containing
a solution of a salt of the mectal to be
deposited. A picce of the same metal is
attached to the positive terminal” (anode)
and "placed in the tank, but not in contact
with the cathode. When the current
passes, the metal in solution is deposited
upon the cathode, which is the article o
be plated. The anode, on the other hand,
gradually gocs into solution.

ELECTROFORMING

In the clectroforming process the de-
position may take place upon a surface
which is not metallic, i.e., a nen-conduct-
ing surface. Two outstanding examples

¢ the use of electroforming in the manu-
facturing world are the production of
phonograph records and clectrotype. In
the phonograph record industry we sce
the process of the formation of a "nega-
tive” by electrodeposition, from a wax
positive. Electrotype, on the other hand,
involves the formation of a "positive”
from a wax negalive or impression. A
briel description of the process of mak-
ing a record is outlined here from the
work of “Blum and Hogaboom™ .
“The original wax record ¢ first coated
with graphite upon which copper is de-
posited to form a “master plate” which is
a negative, From this plale onc or more
“mother plates™ are made by ¢lectro-
deposition. The mather plates are posi-
tives, and serve as the forms on which the
final matrices or “'stumping plates” o ¢
deposited. The fact that satisfactory re-
sults can be obtained cven after several

# Presented at the Ottawa Dental Socicty Moaothly Meeting, October 18, 1937,

Jour. C.D.A., Janiay, 1938
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The Electrodeposition of Indirect Inlay Madels

“generations” of plales have been made
is good evidence of the accuracy of re-
production.”  According to the same
authors, “Tt is the most accurate method

-of reproducing a metallic sucface,” Pet-

haps it is not assuming too much to
accept this statement as being true for the
reproduction  of non-metallic  surfaces
also. The production of electrotype is
carried out as follows. The original type,
after being sct up and corrected, is pre-
pared and pressed into a block of wax.
The impression so obtained is a “nega-
tive,” into which mctal is to be deposited
by electrodeposition. Closer examination
reveals the fact that the production of
electrotype and the dental application of
electrodeposition to be discussed hercin
are similar processes. In cach case an
impression of wax or cquivalent materjal

is obtained of the article to be reproduced.

By electrodeposition a positive is formed.
Thus we may sludy the electrotyping in-
dustry and collect much valuable data for
the operation of our own clectroflorming
apparatus even though it is on a very
much reduced scalc.

REQUIREMENTS

From the study suggested above we
And that the first and most obvious
requirement is some source of direct cur-
rent at a constant, relatively low voltage
(6-12 V.). Batteries would be suitable
but they are in need of continual care
and recharging. To generate the curtent
by means of a Jow voltage dynamo would
require the installation of cxpensive
equipment. 1t is possible, however, to
adapt the alternating current as supplied
to our office by a simple and inexpensive
attangement. The outline and the appa-
ratus suggested below is found equally as

ROY G. ELLIS

satisfactory on the 110-120 volt 60 cycle
circuit, as on the 1106-120 volt 25 cycle
circuit. By mcans of a small transformer,
such as the Lionel toy transformer (type
WX, 50 W, 25 cycle) sccondary voltages
ranging from 3 to 17 volts are available.
Converting  the alternating current to
direct current is accomplished very simply
by means of a dryplate rectifier (such as
Rectox Unit S. 695622 made by Westing-
housc). Finally, a simple resislance to
reduce the amperage to within the limits
required  (for copper 10-15 amp, per
square foot) is a 50 or 60 watt lamp,
which is connected in the ciccuit in scries.
(Sce Fig. 1.) Thus, very inexpensively,
probably not excceding eight dollars, the
current is adapted to meet our require-
ments. It is not suggested for one minute
thal the above method is the only way Lo
accomplish this, but a desire to make the
sct-up” simple and inexpensive has been
kept foremost in mind.

e
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- Figure 1.
The circnit ontline as suggested.

In ordes that the voltage and amperage
across the tank might be recorded, a volt-
meter and ammeter may be very readily
connected in the circuit. The voltmeter is
connected in parallel and the ammcter in
series. However these figures have been
tabulated for the circuit as seen in
Figure 1, and the results are given in the
following table.

RELATIONSHIP OF SECONDARY VOLTAGES
To AMPERAGE IN THE CIRCUIT SHOWN*

50-WATT 60-WATT

RERISTANCE RESISTANCE
BULB RULR

VOLTS MILLIAMPERES MILLIAMPERES

r 3.7 (28 63

4.8 [ 36 79

"l 5.0 G| 37 85

Ol 5.8 < | 42 95

<| 6.6 ol U 105

Bl 7.4 B 52 121

] 8.2 = B 123

4 I b 136

PRIMARY 9.8 64 132
VoLraci Pﬁ 10.6 .4 67 137
110-120 4N ISy STt 142
2] 122 6 75 147

ali: A& 1%

. 1 2

liss S 153

O | 14.3 ol 83 155

Al 15.1 D | 8s 159

w| 15.9 G| 90 162

16.7 || 93 166

L17.5 \ 96 170

The first column of figures represents
the range of secondary voltages possible

* with the transformer suggested. The

second and third columns represent the
respective number of milliamperes avail-
able with this range of voltage readings
when using the 50 or 60 watt resistance
bulb.

The solution, acting as the conducting
medium and source of metal supply, in
which the deposition takes place, is called
the electrolyte. It will consist of a salt of
the metal to be deposited. In the case of
copper, copper sulphate is used ex-
tensively. According to Freeman and
Hoppe @), 24 to 32 ounces to the gallon
of water provides the most favourable
limits of concentration of crystallized
copper sulphate. It is known that acid
solutions are better conductors than ordi-
nary solutions, and since the whole pro-
cess depends on the degree of conductivity
through the electrolyte, it is expedient to
use an acid solution of copper sulphate.

# It is fo:nd that the same circuit, using the
same equipment on the 110 V., 60 cycle line,
gives the same readings as set out in the above
table.
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T'he Electrodeposition of Didirect 1nlay Models

Experts agree that 8 to 10 ounces of com-
mercial sulphuric acid ere requised to the
gallon. As the acid concentration in-
creases, the solubility of the copper sul-
phate decreascs, so that there is a balance
between these two in solution, which
must not be overlooked.

" The electrolyte formula would be as

follows: 3

Crystal copper sulphate......... 24 to 32 ozs.
Commercial sulphuric acid..... 8 to 10 ozs.
Water 1 gallon

The tank which is employed in the
process should be of a non-corrosive ma-
terial, such as lcad or glass. In general it
is desirable to have it as large and deep

-as conditions justify. A large volume of

the electrolyte is advantageous in reduc-
ing the effect of changes in concentralion
which may occur as clectrolysis takes
place.

All parts of the circuit should be con-
structed of a material which is a good
conductor, such as cepper, and all con-
tacts, wherever possible, should be made
permanent, either by soldering or bolling.
The resistance of a single poor contact is
very great, and may aflect the efliciency
of the apparatus serionsly.

The anode of copper may be of electro-
Iytic, drawn or tolled copper—the latter

15 best and should have an area which is

larger than the cathode area.

The cathode will be the object on
which or into which the electrodeposition
is to take place. If it is metallic merely a
separating medium is necessary so that a
union between the two will not take
place. Graphite is satisfactory. If the
object on which the deposit is to take
place is a non-conductor, then the surface
must be rendered conductive by special
treatment. If it is porous as in the case
of wood or plaster of paris, it must first
be rendered imperviovs to the electrolyte
by mcans of a coat of wax or varnish
(shellac) and then conductive by means
of graphite or copper bronze. If the sur-

face is impervious such as we have with
way, or dental compound, then it need
only be treated to render it conductive,
that is, apply the graphite or copper
bronze.

CHARACTERISTICS OF DEPOSITION

Our study of the general electroform-
ing and eclectroplating trades now turns to
the factors which influence the character-
istics of the deposited metal. The finer
the crystals of the deposited metal the
smoother, stronger and harder will be the
deposit. There are still many unknown
factors which influence the character of
the deposits but some of the known fac-
tors ate to be considered. The first known
factor is the cutrent density.  Current
density, according to Ireeman and Hoppe,
may be defined as “the number of am-
peres per unit area of cathode,” and is
given usually as so many amperes per
square fool, While opinions vary as to
the optimum amperage per square foot
for copper deposition, for general pur-
poscs 10 to 15 ampercs per square foot is
accepted.  The effect of increasing the
current density, according to Bancroft and
other authors, is to decrcase the size of
the crystals which are formed. However,
there is a definite limit to the rate at
which metal can be deposited and still
produce dense deposits.  This limit s
called the “critical” current density and
if it is increased above this limit the de-
posit produced is soft, loose, spongy and
reddish in colour, and is spoken of as a
“burnt” deposit. The burnt deposit is
highly unsatisfactory and is to be avoided.
As the “critical” current density is ap-
proached the evolution of hydrogen at the
cathode is scen to increase.

The conductivity of the electrolyte has
an important bearing on the character-
istics of the deposit. The conductivity of
the solution governs the potential drop
thcough it. A high potential drop
through the solution as the result of a
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lowering of sulphuric acid, favours the
formation of large crystals and this re-
sults in the appearance of “trees” on the
surface of the dcposit. Unfortunately,
during the process of clectrolysis it is
found that there is a gradual decrease in
the acidity and a corresponding increase
in the copper sulphate concentration—
owing to the fact that more copper is
dissolved from the anode than is used at
the cathode. The excess copper takes up
the sulphuric‘acid to form copper sul-
phate, therefore weakens the acidity of
the electrolyte, reducing its conductivity
and increasing the tendency to form
rough deposits and “trees.”

Agitation of the clectrolyte is employed
for the purpose ol insuring uniformity of
concentration of the solution which in
turn maintains a high cathode efliciency
and thercfore a lessened tendency to pro-
duce hydrogen and hence a dense, hard,
copper deposit. “However whatever
method is used for agitation, whether it
be by the introduction of air or by
mechanical means, there is danger of
particles from the anodes being kept in
suspension and giving rise Lo a roughness
on the cathodes.” V)

The temperature of the clectrolyte will
also affect the characteristics of the de-
posit. The crystals depositcd at higher
tempcrﬂturcs are coarser than those de-
positcd at lower temperatures and hence
the deposit will be coarser. Therefore
the tan)k should be in a relatively cool
place, i.c., away from radiators ot other
sources of heat.

DENTAL TECHNIQUE

The cquipment necessary to prepare an
imprcssion for insertion into the clectro-
depositing tank is simple and inexpensive,
It consists of:

‘1. Bunsen burner

2. Glass slab

3. Camcl’s hair brush

4. Sticky wax-—pink base wax

. Copper wite (24 G. and 14 G.)
. Spatula
. Pair of scissors
. Graphite

The impression taken in compound or
wax in a copper band presents a non-
conducting surface, similar to the im-
pression taken of the sctup type in the
clectrotype process. It presents a surface
impervious to the clectrolyte and there-
fore nceds no treatment in this respect,
For the purpose of rendering the surface
a conductor-there are two mediums avail-
able, namely graphite and copper bronze
powder. The important propettics of
such a medium are that it be (1) a good
conductor, (2) of an extreme degree of
fincness, (3) that it possess colloidal
properties. Of the two mediums men-
tioncd graphite seems to possess these to
a greater degree than copper bronze
powder. The graphile may be used as a
dry powder and dusted onto the surface
or it miay be used in the wet state. In the
electrotype industry in former ycars it
was employed in the dry state but in
recent years wet graphite has been used
almost universally, because of belter con-
ductivity and because the dust was in-
jutious to the health of the workers.
Place on a small glass slab cnough
graphite  (Aqua Dag-Acheson  Colloids

00~ O\

Corporation) to cover a pin's head and

mix with about onc drop of water. A
watery suspension of graphite is obtained
which can be painted over the entire wax
or compound impression surface, by
means of a finc camel's hair brush.
(Fig. 2.)

It must be remembered that the copper
deposition will extend to the limits of the
graphite, so that the extent covered can be
controlled by the careful placement of the
graphite. Now subject the wet lmintc-ml
impression to a gentle draught of air to
dry the surface. Examine it for patches
that might have been missed and touch
these with the wet graphite and dry. The
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T'he Electrodeposition of Indirect Inlay Models

=rzabout th[cc-quﬂrttrs of an inch free. A
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Figure 2.

The grapbite mixed on a slub and painted
into the jmpression susface.

use of copper bronze in the author's
hands has not been very satisfactory be-
causc of the difficulty of readering the
entire arca of the impression conducting
to the same extent. The result was a
modecl, with patches missed invariably.
. The sccond slage in the procedure is
that of making arrangements for the in-
clusion of the impression surface, now a
conductor of electricity, in the clectrical
circuit. The graphited impression surface
is to all intents and putposes insulated by
the compound impression, unless some
part of the copper band around the gin-
gival region of the impression is left
exposed and the graphite carried out to
mect it. This happens in many cases but
for the case in which it does not, pro-
. vision must be made for directly bringing
the impression sutface into the circuit.
A picce of fine 24 gauge (B. & S.)
copper wire, about two inches long, is
taken and at onc end about one-cighth to
onc-quarter of an inch of the wire is bent
on itself, thus forming a shepherd’s
crook. (Fig. 3.) The loop formed is
now straddled over the gingival portion
of the band so that the short end con-
tacts some part of the graphited im-
pression surface, a point preferably which
is not a part of thc area of the inlay
preparation. The remaining long section
of the wire is now wrapped around the
outside of the copper band and stuck to
it at onc spot with sticky wax, leaving

SR S ek ey re e B a e g

carrier is now made which serves two

Ppurposes; firstly, that of completing the

circuit, and secondly, that of carrying the
impression into the electrolyte in the tank
and at the same time ensuring that all
patts of the cathode, other than that small
section Lo be deposited on, are insulated
from the clectrolyte. (Sce Fig. 4.)

A piece of 14 gauge copper wire about
5 to 6 inches long is used. At onc end a
section about 1 to 114 inches long is bent
at right angles to the remainder and two-
thirds of this scction is flattened. Through

™
iy

TFigure 3.
The first step in wiring the graphited
impression.
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Figure 4.

Attaching the wired impression 1o the cariier.
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Figure 5.
Tank showing connections and supporting bays.

this flat platform a 22 gauge hole is
drilled-—-—about one-cighth of an -inch
from the end. Now all but the flattened
portion and about 114 inches of the
opposite end are covered with one-
sixteenth inch of vulcanite to insulale it.
The wired impiession is now scated on
the flattened platform on the carrier and
the freec end of wire which was left is
passed down through the hole on the
platform and wound around the end of
it. This ensures a good contact at this
point in the circuit. A strip of ordinary
wax about 2 inches by 34 inch is cut and
warmed very slightly (enough to make
the wax bend readily) and wrapped
around the band. Every portion of metal
exposed is now covered with wax and
sealed so that the electrolyle cannot pos-
sibly come inlo contact with it. This is
the cathode terminal. ‘

The impiession now prepared is ready
for insertion into the clectrolyte in the
tank. The clectrolyte formula has been
given previously, A pickle jar or fish

012.

bowl makes a suitable tank. The two
supporting bars across the tank should be
good conductors, such as copper (147 x
Y4} with suitable connections soldered
onto these bars, to which the cathode and
anode may be attached, respectively. A
simple and yet strong contact is obtained
by using screws and thumb nuts for this
purpose.  (Fig. 5.)

The anode is simply a bar or block of
copper  which has a short 12 gaugc
copper wire soldered to it for the purpose
of attaching it to the anode supporling
bar over the tank. Care should be taken
to sec that the soldered joint docs not
enter the solution.

The anode and cathode terminals arc
now ready to be placed in the tank. The
distance they are apart and the relation-
ship between them in so small a tank
seems to have little cffect on the deposit
or rate of deposition. The curcent density
required for the piece must now be esti-
mated. It was previously stated that 10 to
15 amperes per square foot for copper

B R P e T e
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The Electrodeposition of Indirect Lilay Models

and acid copper sulphale clectrolyte was
satisfaclory. We rust therefore caleulate
roughly the arca of the graphited sut-
face. Tor the bicuspid impression 14 inch
diameter and a band 14 inch deep we
have .44 square inches arca. In the casce
of a current density at the rate of 15 am-
peres per square foot, this small arca
would require 46 milliamperes. Adjust
the current accordingly and switch it on.
For a molar three-cighths of an inch
diameter and one-half inch deep, 75 milli-
amperes would  be required. A full
mouth impression would require approxi-
mately 100 milliamperes per squarc inch
of surlace.

The time factor is an important con-
sideration at this stage. Enough copper
will be deposited at the above current
density ratc to form a shell which may be
used satisfactorily after four hours in the
tank. However 10 to 12 hours will pro-
duce a sheil over V4 mim. thick, Thus if
the impression is put in the tank at 6 pam.
or cven Jater and left overnight, by the
next morning ample copper will be de-
posited to cnsure a very strong modcl.

The shell is now quickly backed up
with a household cement, stone or a low
fusing metal, such as Mellottes. The
model will now be complete when the
compound impression is removed, being
careful not to overheat the compound
when doing so. The dark graphite sur-
face may be cleaned off with a brush.

PrECAUTIONS DURING OPERATION

A few precautions might be mentioned
which it would be well to observe
during the operation of the process.

(1) As the clectrolyte is strongly acid
a bath of sodium bicarbonate should be
kept ncar at hand into which the finished
picce is placed for a minute or two
immediately after removing from the
tank. This prevents the acid solution
coming into contact with the clothes.

(2) The excessive formation of bub-

bles al the cathode will be accompanicd
by a “burat” deposit and is duc gener-
ally to the current density being too
high. During normal depusition little or
no hydrogen is formed at the cathede.

(3) The tendency for the acid con-
centration of the clectrolyte to become
decreased and Lhe copper sulphate con-
centration increased during normal opera-
tion, eventually results in the deposition
of copper sulphate crystals on the anode
which interferes with normal deposition
of copper. Discard the solution and make
some new. As no method of agitation is
employed in the tank it is recommended
that the electrolyte be stirred up once or
twice a week to help maintain unifornity
in concentration throughout different
parts of the tank.

(4) Be extremely careful that the im-
pression is always attached to the negative
terminal. If it is attached to the positive
terminal by mistake and the source of
copper is attached to the negative tesmi-
nal, the impression will be ruined and the
copper  band disintegrated.  This n
happen very easily.

CONCLUSION

We may well ask the question, "\ hat
claims are made for clectrolytic copper as
a model material?”” I think the answer
will be found partly in the table of
comparisons, on the following page.

The cost factor of approximately len
dollars, mentioned in this table, in-
cludes the apparatus, ie., rectificr, trans-
former, tank, wire connections, ctc.,
amounting to a little less than nine dollars
and enough supplics of copper sulphate,
copper, sodium bicarbonate, commercial
sulphuric acid and graphite to last for a
considerable period of time. The cost of
operation, i, for the electricity, has
been estimated roughly to be about one
cent per 1,000 hours of operation, and
even if this were exaggerating the case
greatly, it would still be a small item.
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Copper Factor Amalgam
Electrolvtic copper 40 Hardness (in Brinell 40-65

numbers) . Dependent on manipulation and
Most accurate method known Accuracy of reproduction of  control of volume changes

impression Short-comings in mixing and
Simplicity of deposition Manipulation packing
No packing Mercury present.
Pure metal _ Contamination LEfect on Gold

Silver alloy .20

Apparatus and supplics to last Cost Mercury .03
a year or more approx. $10.00. ==
Current (fraction of a cent per model .23
per model). Copper amalgam ©.10

per model (using it over again)

In conclusion it is perhaps unnecessary the Department of Radiography and

i

to point out that this method of making
models may be used for all types of gold
inlays, porcelain inlays and jacket crowns.
The simplicity of manipulation, and the
inexpensivencss of the apparatus and pro-
duction, commend this practical method
to greater use. ' .
The writer wishes to express sincere
appreciation to Dr. S. M. Richardson of

Photography of the Taculty of Dentistry
for the photographs included within this
article.
REFERENCES
(1) Bloom, W., Hogaboom, G. B., Principles

of Electroplating and Electroforming. McGraw-
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The Hidden Treasure

by W. A. DVORAK, D.D.S.

Oral Hygiene Chairman, Minnesota State Dental Associztion, Saini Panl, Minnesota.
(Reprint from North-West Deuntisiry)
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W/ITHIN the dental profession, therc
lies concealed a hidden treasure! It
is a treasure indeed for it involves in-

failed to display our wares in the Public
Court? Has the dental profession failed

"estimable wealth, and it is unquestionably
hidden, for thus far it is virtually lost.
To elucidate this mystesious calamity
better, it may be well to cite the story of
the Lost Artist who lived in Paris a few
centuries ago. He was a real master, yet
no onc was aware of it, not even him-
self. He had no conception of the mone-
tary value of his collection, nor had he
any buyers, for he was too reticent about
displaying his art in the Public Court.
He died a pauper, and after his death his
paintings were sold for millions.

We have a parallel situatien in our
profession: the goods are there to sell
but the buyers are limited. Have we, too,

® 14 o

in any way in its efforts to keep the
avenue between it and the public open?
Is the profession itself responsible for the
hidden treasure or is the answer just
"“The Depression’™?

Perhaps there is no better way of an-
swering this question than by citing 2
coincidence that took place in a certain
cemetery. On one monument was found
the following inscriplion:

“Here lies Dr. John Smith, a dentist,
famous among his colleagues for his great
ability and professional skill. He died at
the age of 55, discouraged and penniless.
He was buried by the City. May he rest
in peace.”

Within a few feet of the grave of Dr.

.
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A Simpre Blecirodepostiion Abparatus
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for Use in Dentistry
by ROY G. ELLIS, B.D.S.(Adcl), D.ID.S.,, M.Sc.(Dent.), Toronto, Ontario

TE‘LEC_'J‘RODEPOSITION has been de-
# fined as the process of making an
electrodeposit.  An electrodeposit on the
other hand has been defined as that which
is deposited by an electric current or “a
deposit made by electrical action.”  Thus
the process of clectrodeposition. is the
process of depositing a metal from one
substance on to another by means of clec-
trical action.

The industrial art of electrodepositing
has been advanced greatly since it was
first applied over 100 years ago. In the
dental ficld however, it has been investi-
gated and tiicd and discarded repeatedly
for reasons which are quite obscure to
one who ieads the limited reports of its
use in this field.  There appear to be sev-
cral places where its application in den-
tistry is indicated.

HistonricaL

Soon after the recognition of the pro-
cess of decomposition of water into oxy-
gen and hydrogen by the passage of an
electric current through it, very early in
the 19th century, there followed rapid
developments which have led to the pres-
ent scientific industrial arts of clectro-
plating and electroforming. Among these
early developments one phase is of par-
ticular interest.  About 1838 the discov-
ery of the galvanoplastic process, (electei-
forming), was announced by Professor
Jacobi to the Academy of Sciences of St.
Petessburg.  He s therefore, credited
wilh being the fathar of galvanoplasty.

Within a few years (between 1845-
50), European dentists were investigating
this new art of reproduction (of a solid
form), using the clectrolytic process.
According to W. Pfannhauser!, Dr.

Vajna of Budapest was the first to suc-
ceed in making a copper model to be used
in the construction of artificial dentures,
St. Schulhof of Bohemia extended Vajna's
work which is described by Pfannhausér
as "'a méthod of making artificial dentures
by the electrolytic deposition of silver and
points out that mechanical methods are
complicated and ‘do not reproduce details
as accurately as one would like.”?

In 1856, John Newell of New York,
sought and obtained a patent on the elec-
trolorming process and presented the idea
to the dental profession on this continent.

Since thesc first attempts to apply the
principles of electrodeposition lo dental
procedures, numerous efforts have been
madc both on this contineat and else-
where to pepularize the use of the prin-
ciples of clectrodeposition to its applica-
tions in dentistry.

There are two phases of clectrodeposi-
tion which though fundamentally the
same, dilfer jn some respects.

Firstly, it is possible to deposit a thin
veneer of one mctal upon another. This
is called clectroplating.  The process is
well known to us in its almost universal
use in the jewelry, silverware and general
trades.

Secondly, it is possible to deposit a
metal upon an object, whether that object
be metallic or non-metallic, and thus to
build a counterpart of the object. Such
a process is known as electroforming and
the art of electroforming is the act of
ralvanoplasty.

Two ouistanding examples of the use
of galvunoplasty in the industrial world
are the production of the plates for the
manufacture of gramophone records and
electrolype.  In the former case- we see

Jour, C.D.A., Felbruary, 1943 o G4 e
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A Simple Llectrodeposition Apparains

the formation of a “negative” by clectro-
deposition, from a wax positive.

Llectrotype, on the other hand, involves
the foration of a “posilive” from a wax
negative or a wax impression of the orig-
inal object.

From the above examples given, we
note two important facts. (1) In the
latter example we recognize the similarity
of the procedure to'that of many dental
procedures wherein a positive is formed
from a wax or compound impression of
the original object. (2) In the case of
the gramophone record, we recognize the
extreme degree of accuracy of this method
of reproduction.

The adaptation of the art of galvano-
plasty to cerlain dental procedures is
therefore indicated: e.g. the formation of
dies for the indirect inlay technique, jacket
crown technique and acrylic restorations.

We must recognize the fact that the
dental field differs from the commercial
field, principally because we are dealing
with comparatively small arcas upon which

the deiails of this equipment under the
following headings.
(a) Source of electrical energy.
(b) Conlrol of current,
(¢) Measurement of current.
(d) Distribution of the current.
(e) Receptacle in whicl the electro-
lytic process is to take place.
(f) Opcration and maintenance of
the apparatus.

Sourck oF ELECTRICAL ENERGY

The gencral requirements of the elec-
trical energy supplied for the process, arc
direct current of low amperage and rela-
tively low veltage.  An inexpensive source
of direct current at a relatively lTow vollt-
age (6-12 volts) is available in the form
of a dry cell, or wet plate battery.  These
however, require continual care and re-
charging.  To gencrate the current by
means of a low voltage dynamo for the
small current requirements in our limited
field is out of the question, both because
of space available in a dental office and

| . . )
H the deposition is to be made. The equip-  also because of the cost of installation of
i menl thereflore is built on a comparatively  such equipment.
I small scale. There are available today four or five
i For convenicnice sake we will discuss commercial instruments designed for usc
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: : Figure 2
t—transformer; r——rectifier; o—eclectric socket and light bulb; m—
milliameter; a—anode; c—cathode.
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t—transformer; r—rectifier; o——electric socket and light bulb; m—-
milliameter; c——cathode terminal; a-—anode terminal; v-—tank or vat;
y—IeServoir.

in the deatal office for electrodeposition
of metals, but in each case the cost of such
an apparatus has limited the extent to
which they have been used. The operat-
ing principle of these is much the same

in each case; namely a method of supply-

ing unidirectional current with a means
of controlling it so that the current may
be varied from 50 milliamperes to 1
ampere,

The apparatus which the writer has
made [rom parts readily available in any

radio trade supply depot, (Figure 1), has
been set up with the thought in mind of
having it simple and inexpensive. By
means of this apparatus the current as
supplied to a dental office can be adapted
to meet the requirements. This apparatus
has been used alinost constantly since
1937 and has proven itself highly efh-
cient and easy to control.

The primary soutce of current, is that
which is supplied for general domestic
use, namely 25 or 60 cycle alternating

. 66 »
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“current. A transformer capable of reduc-
ing 110 volls to 3—15 volts is required
and shown at t in the diagram, (Tigure 2).
The terminals from the transformer then
pass to the altemating currciit teriminals
of a dry plaic rectifier (r in diagram).
The purpose of the redtifier s to reverse
the hall cycle of the A.C. and thus supply
direct current, or as it may be referred to,
"a unidirectional curtent.”

There arc many satisfactory makes of
transformers; the one which has been

“used and is secn in Figures 1 and 3, is a
Lionel transformer (such as is used on a
toy train set) Type WX. 50 W. 25 cycle.

VIf the circuit is 60 cycle then the trans-
former must be rated accordingly.

Similarly there are several suitable
makes of rectifiers. The one scen in Fig-
ures 1 and 3 js a Westinghouse, Rectox
Unit, S 695622, The capacity of this
unit is less than one ampere and is (here-
fore limited in this respect. Seldom, how-
ever, do we require a current greater than
145 an ampere.

A Mallory dry plate rectifier No. I

Ta bl an

TR

12.C.1 has also been used, where a cur-
rent of greater amperage (up to 2 amps.)
is required,

CONTROL OF CURRENT

A variable resistance might be added
to the circuit in serics for the purpese of
regulating the current supply. The sim-
plest method of supplying such a resis-
tance was considered to be the inclusion
of asingle clectric light sockel into which L
could be inserted an eleciric light bull of
any size, from 50 to 200 watts. (Figures
2 and 3 at 0.) This limited form of
variable resistance combined with the ad-
justment of the transformer within nar-
row limits, allows a relatively simple, clas-
tic, and inexpensive method of control-
ling the supply of cutrent.

T e ——— e

MEASUREMENT or CURRENT

For dental purposes the sirength of the
current used s very small (somewhat less
than one ampere in most procedures) and
therefore a milliameter would be required
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Figure 4
a—anode terminal; b1, b2—bus bars: an—anode of copper; ca—
cuthode; c—cathode terminal; 1—level mark on tank; f—fahnstock
clip soldered to bus-bar.
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for measuring such a current.  This in-
strument is connected in the circuit in
serics, as shown in the diagram. Tigurc
2 at M.

If the voltage across the tank is to be
recorded, a voltmeter may be readily in-
cluded in the circuit, in parallel. In the
dental field we are seldom interested in
the voltage in such detzil and therefore
have omitted the voltmeter from the
circuit.

DistriBUTION OF THE CURRENT

The electrical energy now available
across the terminals must be distributed
to the receptacle in which the clectrolytic
process is to take place. In the commer-
cial field the metal used and the size of
the conductors for distributing the cur-
rent some distance to the large tanks was
scen to be important.  In the dental appar-
atus the tanks are small and the problem
of distribution of the current is propor-
tionately small.  The bus-bars may be
made of V4" x 14" copper bar as seen in
Figure 4 at B! & B2 Loss of electrical
energy in the small dental apparatus may
however be encountered through the in-
creased  resistance of faulty contacts.
Therefore it is well that all possible con-
nections which can be fixed permanently

should be soldered.

TANK

The receptacle in which the clectrolylic
process takes place may be referred to as
“the tank” or “the vat.”

In the small field, a glass tank is quite
satisfactory. The deeper the tank the bet-
ter the results, owing to the decrease in
effect produced by variation of the con-
centration of the electrolyte at the term-
inals. An incxpensive form of glass tank
is seen in Figure 4. This tank has a
capacity of” approximately 600 c.c. The
ideal tank should be about 8”7 x 6”7 with
a capacity of 1000 c.c. (1 litre).

To the equipment described above
might be added (without great expense)
a means of automatically replenishing
the electrolyte, to compensate for loss by
evaporation.

In Figure 3, we see an inverted flask
half filled with water and two glass tubes
extending through the rubber cork down-
wards jnto lhe tank. The underlying
ptinciple of the operation of this auto-
matic replenishing device is that of the
syphon and is further explained in the
diagram in Figure 5.

As the level of the electrolyle in the
tank falls and ait enters at A the pressure
in the glass flask is equalized with that
outside the flask and a syphon action per-
mits the liquid in the reservoir flask to

//Z‘\“\,._

Figure 5
Sketch of reservoir at y i
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A Simple Electrodeposition Apparatus

flow into the tank. As soon as the level
rises again and cuts off the open end of
the glass tube ab A, the pressure in Lhe
flask becomes less than the pressure out-
side and the syphon effect ceases and the

fluid in the flask ccases to flow out through

B. Thus the loss of clectrolyle by evapor-
ation, actually only water, starts the pro-
cess of -replacement of the water from the
overhead rescrvoir.

However the addition of the equip-
ment described above to compensate for
the loss of water from the electrolyle by
evaporation, is not essential,  To simplily
the apparatus, loss by evaporation may be
controlled by placing a mark on the tank
at the height of the original level of the

S 1
Report Prepared by th
of the Candadian

on Research in a

Insurance

Forewonrn

]R’L]ESEARCH will play a most important

part in any plan for he control of
dental disease. The expenditure of funds
involved in the dental aspect of the
scheme may be drastically reduced in pro-
portion to the effort directed in the re-
search field.

At the request of the coramittce on
Health Insurance of the Canadian Dental
Association, the CD.A. Committee on
Research has produced the enclosed re-
scarch outline as an adjunct to the role
dentistry is to tike in a health insurance
plan for Canada. The importance of this
integral compl:ment cannot be over-
emphasized. While the cause of dental
discase is not definitely known, there is
an cver-increasing knowledge devcloping

solution in the tank (Figure 4), and add-
ing waler once or lwice a weelk, as rc-
quired, io restore the solution to the
original Jevel.

In arranging this apparatus the writer's
prime consideration has been to suggest
the usc of a piece of apparatus which the
dentist himself can put together. It is
simple, efficicnt and the total expenditure
involved prior to the war, was less than
ten dollars.

BIBLIOGRAPHY
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1e Research Committee
Dental  Associcition

National Health

Program

regarding the control of the diseases of
the mouth.

Intensive study of the subject has been
in the past bandicapped by lack of finan-
cial support and also due to the fact that
sufliciently large control groups for study
have not existed. The adoption of the
plan advocated at the present time, would
furnish an abundance of clinical matter
for study. .

A truly preventive aspect of the plan
would be established through the adop-
tion of a research department as a definite
part of the arrangement. The cfforts of
such a department would be directed to-
ward the reduction of the incidence of
dental discase, lowering the cost of opera-
tion and furnishing a source of informa-
tion for the guidance of the dental practi-
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The Application of
Process to the

By ROY G. ELLIS, B.D.S.(Adel), D.D.S

the Electrodeposition

Constriction of
Small Acrylic Restorations

» M.Sc.(Dent.), Toronto, Ontario

T IS gencrally agreed that acrylic resin,
% whether it be for dentures or small
restorations in natural teeth, is most ideal-
ly processed against a non-porous metal-
lic surface. In the case of the small
gingival inlay or the jacket crown, and
all the intervening possibilitics in restora-
tions of this type il is virtually impessible
to burnish tin foil, cither to the wax pat-

- tern or the mould in the It is a

t relatively simple and inexpensive  pro-
cedure however to deposit a thin layer
of copper on the wax patlern which when
the coaled wax pattern is invested and
the wax is boiled out will leave 2 clean,
hard, bubble-free metallic surfaced mould
in which the acrylic resin may be pro-
cessed. The results obtained by the author
during the past year with this procedure,
have been extremely encouraging.

It is not the intention of the writer to
discuss the pr’w and con's of acrylic as
a suitable material for puatne restora-
tions; suflice it to say, that this material
al the moment does seem to lend itself to
use for gingival inlays and semi-perman-

Task.

ent crowns for protecting fractured an-
terior teeth in the young patient.

From these two standpoints the tech-
nique of procewnﬁ acrylic resin will be
discussed.

THE JACKEY CROWN AND SHMI-
PERMANENT AcrRyLIC CROWN

After the preparation for the jackel

crown or shoulder less acrylic cap has
been completed a suitable celluloid crown
form is chosen and contoured te &t accur-
ately at the gingival margin. (Sce I'i ig. 1).
Peiforate the celluloid form at bom
the mesiolingual ~— and  disto-lingual
angles, approximately 2 mm. from thc
incisal edge. Fill the crown form with
ivory shade inlay wax and soften uni-
formly in water at 140° T. Catry the
crown form to place and scat it over the
prepared tooth, allowing the excess wax
to escape through the holes provided on
the lingual surface.  If further adjust-
ment is considered Lo be necessary remove
the crown form and reheat the partially
scated form and wax impression and re-

CORR
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have read “The Application of the Electredepositi
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Celluloid crown form adapted aad contoured
to fit the prepared tooth.
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Yig. II
The upper left’ central with celluloid form
and ivory wax in place,
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Fig. 111

A. Gingival inlay pattern mounted. B.
- Crown pattern mounted.

place on the prepared tooth. If the con-
tour of the crown form does not fulfil
the requirements aesthetically, add wax
to the outside of the celluloid form and
thus contour the crown form as desired.
(N.B. Add a thin film of wax to the

lingual surface of the form to aid in
hoiling out latcr.)

Figure 2 shows the contoured form i
place on the tooth. The wax inside the
form gives an accurate impression of the
tooth.  Thus, at one silting the prepara-
tion is made, the impression is taken, ‘the
shape of the finished crown is determined,
and the shade is recorded.  Establishment
of the shape of the finished crown by
the means just outlined renders further
steps for this purpose unneccessary, thus
eliminating a lry in, or taking registra-
tibns for mounling a dic on an articulator
as required in the indirect technique.

The crown palttern prepared thus far
is removed to the laboratory. A small
piece of ivory wax (about the sizc of a
pin head) is fused on to the lingual sur-
face and to this js attached one end of a
4 length of 24G. copper wire. (Sec
Fig. 3B).

THE GINGIVAL INLAY

The gingival inlay pattern scen i
hAgure 3A  was made by “the dicect
method in the cavity and removed from

the mouth on a similar piece of wirc to
that used for the crown.

METALLIZATION

Both the inlay and crown patterns so
mounted, on coppet wires are ready for
metallization. The technique used in the
metallization of wax or compound, using
graphite, has been described by the writer
in the preceding issue of this journal.
However, graphite in this case will leave
a blackened surface on the deposited
copper and the shade of acrylic which is
processed against such a surface, cannot
be controlled. To replace graphite metal-
lization we turn to metallization by meaus
of silver. 'This process depends on the
familiar experiment of the reduction of
a silver salt, with the resultant silver
mirror formalion. -

The wax inlay paltern and jacket gr(\)w_n

pattern as scen in Figure 3 are first washed

cljSu
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in a solution of Stannous Chloride, the

formula of which is:

" Stannous Chloride—1 gram
Hydrochloric acid (Conc.)—1.5 ¢.c.
Distilled Water—-100. c.c.

Mix.

This solution is easily made up, and
may be stored for a reasonable length of
time without deterioration. It is kept in
a wide mouth bottle so that the inlay
paltern OF jackcl crown pattein may be
immersed in the solution in the boltle
for one to two minutes, following which
they should be washed off in room tem-
perature water. The mounted impressions
are then lowered into a small receplacle,
such as a baseplate wax box (115" x .
x %), a dappen glass for a small inlay,
ot better still an empty 1 oz porcelain
powder jar. Do not lct them touch the
sides of the receptacle.

Over the impressidn of impressions so
arranged pout first the following silver
solution and then the accompanying re-
ducing solution, leaving Lhe impressions
completely immersed in the mixture for
4 or 5 minules—agitating them at fre-
quent intervals during that time. The
result of this procedure will be the for-
mation of a silver film over the entire
sutface area of the wax, celluloid form
and everything in contact with the mix-
ture, including the receptacle.

The two solutions must be freshly made
just prior to using them because of their
unstable nature.

The formula for each is as follows.

SILVER SOLUTION

Silver Nitrate Crystals—420 milligrams

Distilled Water---9 c.c.

REDUCING SOLUTION

Pyrogallol crystals-——100 milligrams
Citric acid crystals—21 milligrams
Distilled Water—-3 c.c.

For the sake of convenicnce these
formulae have been transposcd into mnore
convenient terms, and are used as [ol-
lows:

SILVER SOLUTION

Silver nitrate (fine crystals) —1 large
end of Caulk silicate measuring spoon.
Distilled water—9 ¢.c.

REDPUCING SOLUTION

Pyrogallol (fine crystals)—1 large end
of Caulk measuring spoon.

Citric acid (fine crystals)—1/5 small end
of Caulk silicate mecasuring spoon.

Distilled water—3 c.C.

As all of these substances dissolve
rapidly in cold water, it takes but a minute
to make these solutions cach time they
are required.  The cost of this method of
metallization may be questioned but is
actually less than 2 cents per piece.

Figure 4 shows the small inlay pattern
and the jacket crown pattern after silver
metallization.  If these pieces were now
attached to the cathode terminal of the
electrodeposition apparatus, coppet would
be deposited over the entire surface of

r ]

Fig. IV
Inlay pattern and crown pattern coated on
every sucface with a film of silver. This is
called metallization,

botl, thus completely encasing them ina
copper matrix, making it impossible to
remove the wax and celluloid form in the
case of the crown, and also making it
impossible to pack the plastic acrylic into
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The Jonrnal of The

the matrix to fonm the acrylic inlay or

. crown,

It is desirable therefore to make pro-
vision for having the labial face of the
-crown not covered by the copper deposi-
tion, and in the case of (lie inlay to have
the buccal or labial sucface of jt left
exposed.  Sandarac varnish is therefore
painted on the labial face of the imetal-
lized crown pattern and on the surface of
the metallized inlay matrix, with a fine
camel’s hair brush, (N.B. After the
wax pattern is metallized it must not be
allowed to dry off at any stage or else
the silver film will crack and chip off).
Thercfore do not attempt to dry the sur-
face onto which the varnish s to be
painted or to dry it after it has been
applied. Such steps are unnecessary and
dangerous.

Tig. v

A. The area covered by varnish which in-

sulates the region and prevents the deposition

of copper on it. B. The unvarpished silver
film.

The metallized, varnished patterns are
now ready to be immersed in the copper
electrolyle for the putpose of checking
the area varnished and the cfiiciency of
the metallization process. Figure 5 shows
the line of demarcation between the varn.
ished area (A) and that which s not
varnished (B). Copper will be deposited
on the unvarnished acca.  Atiach the pre-

.pared pattern or patterns to the cathode,

and insert into the clectrolyte.

SRR I N T SR

Canadian Dental Association

THE ELECTRO-DEPOSIT

The amount of current required de-
pends on ‘the area to be covered as ey.
plained in a previous article. The time
required should be limited to a 3 —. 4
hour deposit. A heavy deposit will add
to the difficulties in removing it from the
processed acrylic resin. p

The arca of the pattern covered by
copper, when the copper deposition - js
complete, is the same as that outlined in
Figure 5. The labial face will be left
uncovered.

F_“".

"
by
h”
1
|
e T

]
e

Fig. VI

A. The pattern mould in the lower section of

the flask afier boiling out the wix and remov-
ing celluloid forn,

B. The first top section of the flask,

C. The relief top section of the flask.

The crown pattern is now jovested in
a triple section flask as shown in Figure 6.
The wax is boiled out and the celluloid
crown form is lifted out with pliers. This
will be easy to accomplish if the lingual
sutface was coated with a thin film of
wax as suggested carlier in this paper.
The full top of the flask is shown at
“B", the relief section at "C", and the
copper matrix in the lower half at A",
Mote the metallic model and metallic
lingual and proximal surfaces against
which the acrylic can be processed safely.

When the plastic acrylic is packed and
the flask is ready to close for processing,
apply tin foil to protect the Jabial face.

. 160 -

N

P TR

[T e e



PR

-t
g 48 T L

- BTN TR [ P

A ‘ )
ST TOUP SR SRR B (O (ot S S ST R Sl b

The Application of the Llectrodepoiition Process

The inlay pattern is treated similarly
to the crown, except that in the case of
the simple gingival inlay, the relief scc-
tion of the flask is not used.

When the acrylic is processed and the
inlay or crown arc removed from the flask
but still encased in copper, the copper is
casily and quickly removed by placing it
in a bath of concentrated nitric acid for
a few scconds only; 2 3 to 4 hour de-
posit of copper will be removed in a few
seconds. Prolonged exposure to the acid
might result in disintegration of fine
matgins.  The copper may also be re-
moved by peeling it off, as platinum is
removed from porcelain,

Experiments are proceeding which in-
dicate from carly results, that the shade
of acrylic resin will be more uniform
when processed against a metallic surface,
than when processed against a treated
stone or plaster surface. These same ex-
periments also support  the view that
greater accuracy is ebiained when a metal-
lic matrix is used. )

Figute 7 shows a completed acrylic cap

Fig. VII
Upper lefe central with acrylic cap in place.
Upper right central with temporary €rown
in place.

on the upper left central, made by the
method described herein,

The writer wishes to express sincere
appreciation to Dr. 1. H. Ante for the
lime and care given in obtaining the
photographs included hercin.

230 College Street.

An Appreciation of Dr. J. S. Bagnall

By A. W. FAULKNER, D.D.S,, T.A.CD,, Halifax, Nova Scotia

NTNE’I‘EEN years ago the Canadian
N Dental Association in session at Van-
couver, on motion of Dr. I. W. Ryan
then Decan of the Faculty of Dentistry of
Dalhousie University, elected Dr. ]
Stanley Bagnall of Halifax as ils Sec-
retary. ‘The thought apparently motivat-
ing the selection was to give assistance to
the recently chosen President—Dr. G. K.
Thomison of the same city. Having both
President and Scerctary from the same
locality would expedite the business of
the organizalion and improve its efl-
ciency.

For two years he worked wilh Dr.
Thomson preparing for the 1926 session
of the Association in Halifax. During this
year plans for rcorganizalion were dis
cussed out of which, two ycars later, a
National Body still bearing the name
“The Canadian Dental Association”
started its growth. It was no easy matler
for the Secretary—who was continued in
office——to adjust himsclf from the change-
over from the old routine of a weak
voluntary organization, whose chief busi-
ness was transacted at biennial meetings,
to that of the new set-up formed and
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CHAPTER 1

ELECTRODEPOSITION AND ITS APPLICATIONS
IN DENTISTRY

INTRODUCTION

ELECTRODEPOSITION has been defined as the process of

making an electrodeposit. An electrodeposit is defined as that
which is deposited by an electric current or “‘a deposit made by
electrical action.” Thus the process of electrodeposition is the
process of depositing a metal from one substance on to another by
means of electrical action.

The industrial art of . electrodepositing has been advanced
greatly since it was first applied over 100 years ago. In the dental
field however, it has been investigated and tried and discarded
repeatedly for reasons which are quite obscure to one who reads the
limited reports of its use in this field. There appear numerous
indications where its application in dentistry can result only in
improvement in that particular phase of technique to which it is
applied.

Therefore, it is the hope of the writer of this thesis to draw the
attention of the dental profession to the fundamentals accepted in
the general art of electrodeposition and to outline wherein these
may be applied to specific techniques commonly used in dentistry.

HisToricaL

Soon after the recognition of the process of decomposition of
water into oxygen and hydrogen by the passage of an electric
current through it, very early in the 19th century, there followed
rapid developments which have lead to the present highly developed
industrial art of electroplating and electroforming; among these
early developments one phase is of particular interest. About
1838 the discovery of the galvanoplastic process, (electroforming),
was announced by Professor Jacobi to the Academy of Sciences of
St. Petersburg. He is therefore, credited with being the father of
galvanoplasty.

Within a few years (between 1845-50), European dentists were
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investigating this new art of reproduction (of a solid form), using
the electrolytic process. According to W. Pfannhauser,! Dr. Vajna
of Budapest was the first to succeed in making a copper model to
be used in the construction of artificial dentures. St. Schulhof of
Bohemia extended Vajna's work which is described by Pfannhauser
as ‘‘a method of making artificial dentures by the electrolytic
deposition of silver and points out that mechanical methods are
complicated and do not reproduce details as accurately as one
would like.’’? :

In 1856, John Newell of New York, sought and obtained a
patent on the electroforming process and presented the idea to the
dental profession on this continent.

Since these first attempts to apply the principles of electro-
deposition to dental procedures, numerous efforts have been made
both on this continent and elsewhere to popularize the use of the
principles of electrodeposition to its applications in dentistry. The
basic principles underlying electrodeposition are those for electro
chemistry.

10



CHAPTER 2
GENERAL ELECTRODEPOSITION

FUNDAMENTAL PRINCIPLES OF ELECTROCHEMISTRY

ELECTROCHEMISTRY is defined by an eminent authority as
“The science which treats of the relation of electricity to
chemical changes.”

“The phenomenon of the chemical decomposition of substances
or compounds (chiefly aqueous solutions of metallic salts) by
means of an electric current is called Electrolysis.””® The conducting
solutions, namely those that contain acids, bases or salts which
undergo this process of decomposition are called Electrolytes. The
two metallic leads along which the current is introduced into and
passes out of the solution are termed Electrodes. The former, the
afferent terminal is positive and is called the Anode, while the latter,
the efferent terminal, is the Cathode and is negative.

Within the electrolyte a certain degree of dissociation takes
place resulting in the formation of particles called ions. ‘‘These
ions are electrically charged regardless of whether a current is
passed through the solution or not. When a current is passed
through, the charged ions are carried by the current and discharged
at the electrodes.”* The positively charged ions migrate to the
negative electrode (the cathode) while those negatively charged are
attracted to the positive electrode (the anode).

When the ions yield their charge they lose the characteristics of
the ion and become atoms of the element so released. For an
example, let us turn to the acid copper sulphate solution and
examine the electrochemical reaction which results in the deposition
of copper at the cathode.

We might consider the copper sulphate as being dissociated
into Cut™t (cupric) ions and So~ ions. The former are discharged
at the cathode resulting in the formation of metallic copper on the
cathode. The Soy ions are discharged at the anode combining
with the copper of the anode to form copper sulphate. If this
process were uniformly continuous copper sulphdate would be
formed just as fast as copper is deposited from the solution and
hence the balance of copper sulphate and sulphuric acid in solution

11



would be maintained indefinitely. However this is not exactly the
case in actual practice.

Further elaboration of this point will be taken up at a suitable
time later.

From this example the general principle of the method of
deposition of a metal from an electrolyte is established. It may be
applied to many metals.

ELECTRODEPOSITION—TwWO0O PHASES

With this brief statement of the process whereby a metal may
be deposited upon the negative terminal, the cathode, we now turn
to the two phases of electrodeposition which are fundamentally
the same and yet differ in some respects.

Firstly, it is possible to deposit a thin veneer of one metal upon
another. This is called electroplating. The process is well known
to us in its almost universal use in the jewelry, silverware and
general trades..

Secondly, it is possible to deposit a metal upon an object,
whether that object be metallic or non-metallic, and thus to build
a counterpart of the object. Such a process is known as electro-
forming and the art of electroforming is the art of Galvanoplasty.

Electroplating—In the electroplating trade the article to be
plated is of a metallic nature and therefore a conductor of electricity.
It is attached to the cathode upon which the metal in solution is
deposited and the article is thereby covered or plated. The adap-
tation to the dental field of this phase of electrodeposition is limited
but will be referred to in a subsequent chapter.

Electroforming (Galvanoplasty)—In the electroforming process
the deposition of a metal may be made upon a non-metallic sur-
face, i.e. a non-conducting surface.

Two outstanding examples of the use of galvanoplasty in the
industrial world are the production of the plates for the manu-
facture of gramophone records and electrotype. In the former case
we see the formation of a “negative’” by electrodeposition, from a
wax positive,

A brief description of the process of making a record is outlined
here from the work of Blum and Hogaboom for the purpose of
drawing to the attention of the dentist the accuracy of this method
of reproduction. ‘““The original wax record is first coated with
graphite upon which copper is deposited to form a ‘master matrix.’

12



This matrix is a negative. From this plate one or more master
records are made by electrodeposition. The plates are positives
and serve as the forms on which the final or ‘pressing matrices’ or
‘working masters’ are deposited. The fact that satisfactory results
can be obtained even after several ‘generations’ of plates have
been made is good evidence of the accuracy of reproduction’.®

Electrotype, on the other hand, involves the formation of a
“positive’” from a wax negative or a wax impression of the original
object, in this case, type. ,

From the above examples given, we note two important facts.
(1) In the latter example we recognise the similarity of the pro-
cedure to that of many dental procedures wherein we form a positive
from a negative impression of the original object. (2) In the case
of the gramophone record, we recognise the extreme degree of
accuracy of this method of reproduction.

The adaptation of the art of galvanoplasty to certain dental
procedures is therefore indicated.

THE CHARACTERISTICS OF THE DEPOSITS

For a moment let us direct our study to the general electro-
forming and electroplating trades and learn of the factors which
influence the characteristics of the deposits. The finer the crystals
of the deposited metal, the smoother, stronger and harder will be
the deposit. While there are still many unknown factors which
influence the character of the deposits, some of the known factors
must be considered.

Current Density according to Freeman and Hoppe’ may be
defined as ‘““T'he number of amperes per unit of area of the cathode”’,
and is given usually as so many amperes per square foot. The
optimum amperage per square foot for each metal differs, and even
for the same metal, opinions vary as to a current density required;
for example, copper may be stated as 10 to 15 amperes per square
foot; for nickel, somewhat less.

The effect of increasing the current density, according to
Bancroft and other authors, is to decrease the size of the crystals
which are formed. However, there is a definite limit to the rate at
which a metal can be deposited and still produce dense deposits.
This limit is called the ‘‘critical’’ current density and if it is increased
above this limit the deposit produced is soft, loose, spongy, and in
the case of copper, reddish in colour and is spoken of as a ‘‘burnt”’
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deposit. As the critical current density is approached the evolution
of hydrogen at the cathode is seen to increase.

Agitation refers to the production of continuous movement of
the electrolyte so that stasis does not occur. The effect of agitation
of the solution is to increase the metal supply at the cathode—and
hence the ease with which metal is thrown out of the solution.
This means that a higher current density might be used and good
deposits expected in a bath where agitation is used, whereas a
similar current density in a bath not agitated would result in
“burnt” deposits. Agitation, furthermore tends to clear away gas
bubbles from the cathode in certain situations.

As a disadvantage, on the other hand, agitation introduces the
factor of the continual suspension of any sediment which might be
in the tank. Small particles drift onto the cathode and lodge there
to cause roughness of the deposit. In the applications in dentistry
wherein the back of the deposit is to be reinforced with stone,
plaster, cement or a low fusing metal, (as in the case also of electro-
type) this cannot be raised as an objection.

Agitation is effected by means of compressed air bubbling
through the solution, mechanical means, and other ways, all of
which add to the expense and complication and cumbersomeness
of the apparatus set up. This is a disadvantage in its application
in the dental office. Considerable experience with still solutions
for dental purposes makes us realize that there is little to be desired
or added by the inclusion of the features of agitation. Occasional
stirring of the solution is all that seems necessary.

Temperature—the temperature of the electrolyte will also affect
the characteristics of the deposit. The crystals deposited at higher
temperatures are coarser than those deposited at lower temperatures
and hence the effect upon the surface of the deposit. The use of
cold solution aids in the simplicity of the construction of the dental
apparatus.

Conductivity—the conductivity of the electrolyte has an im-
portant bearing on the characteristics of the deposit. The conduc-
tivity of the solution governs the potential drop through it. A
high potential drop through the solution as the result of a lowering
of conductivity favors the formation of large crystals and this
results in the appearance of “trees’” on the surface of the deposit.

Throwing power— The degree to which a metal is deposited
evenly upon a cathode is determined by the “‘throwing power” of
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the solution. In the case of cathodes of irregular shape, this factor
is important, generally speaking. In the dental applications how-
ever, even though we are concerned with irregular shaped cathodes,
uneven distribution of the deposited metal is not serious. This
particular aspect will be discussed lateér.

In the general field of electrodeposition throwing power is
influenced among other factors by the conductivity of the solution,
and the polarisation of the cathode.

Briefly, in a practical way, the more even distribution of metal
upon the cathode may be expected to result from making the anode
as nearly as possible the same shape as the cathode; and increasing
the distance between the cathodes and anode. In the latter case
the near parts of the cathode are relatively little nearer to the anode
than the far parts and therefore will not be subject to a greater
concentration of current density with the consequent greater
deposition of metal.

Shielding the prominent parts of the cathode by means of giass,
or some insulating material has been suggested by some authors as
a means of obtaining more even distribution of metal upon the

cathode. Supplementary inside anodes have been suggested by
others. i

THE ELECTRODEPOSITION INDUSTRY AND ITS
GENERAL REQUIREMENTS

From a study of the electrodeposition industry we find that the
first and most obvious requirement is some constant source of
direct current, at relatively low voltage (6-12 volts). Such a
current may be supplied by means of a “low voltage generator’ or
from storage batteries.

To control the current, rheostats to regulate the voltage are
used, although it is more expedient to regulate the generator,
‘i.e. the source of the current.

“A very simple form of parallel rheostat for experimental work,
with commercial current of 110 or 220 volts, can be made by
arranging a ‘‘bank’” of incandescent lamps in parallel.”® If it is
desirable to measure the current flowing in the circuit, an ammeter
may be connected in the circuit in series, and a voltmeter may be
connected in parallel to measure the voltage.

The distribution of a current of high amperage, such as is used
in the general electroplating industry requires care as to the size

15



of the conductors used and the nature of the conducting material.
When the current is of small amperage, conducting wires of a
suitable metal may be used without being concerned too much with
their size. Copper is the metal that is considered best by reason of
the fact that it is a good conductor of electricity, relatively resistant
chemically, and is of moderate cost.

Of equal importance with the nature of the conductors of the
current is the nature of the connections made between one part
with another. To eliminate loss of current, as the result of the
increased resistance offered by a single poor contact, all connections
should be made permanent, where possible, either by soldering or
bolting.

After brief consideration of the source of the current, its control,
measurement and distribution to the field of operation, namely the
tank or vat, let us turn to the requirements of this part of the
equipment.

The tank must be of convenient size, strong, cheap, and re-
sistant to the solutions to be used in it. The larger and deeper the
tank, the better, for reasons of overcoming changes in concentration
of the electrolyte during operation. Wood, stoneware, concrete,
iron, and in the case of small tanks glass, have all been used and
found satisfactory materials for tanks in the electrodepositing
industry.

Some means of agitation of the solution is generally provided
for, whether it be by mechanical means, or compressed air. The
need for occasional filtration introduces the problem of the location
of the tanks, the type of filters to be used with the various solutions,
such as acid solutions, neutral solutions or alkaline solutions.

Finally, in large establishments consideration is given to the
protection of the electrical and mechanical equipment from fumes
of the solutions. Care in the ventilation of the rooms will aid in
reducing this factor to a minimum.

The above considerations will be discussed later with special
reference to their application to the dental field and their importance
in the dental office.

Tae MrTaLs Usep IN GENERAL INDUSTRY

The metals chosen for use in the general electrodeposition
industry are selected primarily for their value in electroplating.
16



Such factors as the color of the metal and the lustre which it pro-
duces on the finished (plated) object are of vital importance.

The capabilities of the metal to resist corrosion and tarnish are
factors to be considered also. This latter property is influenced by
the relative position of the metal in the Electromotive Series. The
Electromotive Series table appears below as taken from Freeman
& Hoppe.® Gold is best and platinum next. They are at the
positive end of the series.

ELECTROMOTIVE SERIES

Potassium......................... 2.92
Sodium.............. ............. 2.72
Aluminum. ....................... 1.34
ZINC.. ... ... .. 0.77
Chromium ........................ 0.47
Cadmium......................... 0.42
Tron......... . ... .. ... ... ... ... 0.34
Cobalt.......... ... ... ... ... ... 0.23
Nickel.. ... ... ... ... ... ... ... .. 0.20
Jinegs e S e T 0.15
Tead. . ....... .. . ... ... ... ... ... 0.13
Hydrogen......................... .0

Copper. ... 0.35
Silver........ ... ... . ... 0.80
Platinum......................... 0.86
Gold.......... ... ... .. ..., 0.99

Certalin specific properties for the metals often determine their
choice for use.

For example, gold is sometimes selected for its resistance to
corrosion and tarnish and because of-its appearance. Nickel and
chromium on the other hand because of hardness, find their place
in industry. Tin and silver are chosen because of their resistance
to certain foods, while silver is used sometimes because of its high
reflecting power. Copper is chosen because of the comparative
ease in the deposition of it.

The above considerations are based on the requirements for the
electroplating industry. The electroforming industry (galvanoplas-
ty) is fraught with added difficulties, and the choice of the metal to
be used is determined very largely by the ease of deposition.
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Copper is accepted as the most suitable metal for galvanoplastic
processes—and is applied to an enormous field. The production of
electrotype is one important branch of this field. Gramophone
record moulds are also included; reproduction of metallic surfaces,
and plastic objects, (such as in plaster of paris) are lesser phases of
its application. Besides all the places where copper is employed
commonly in the galvanoplastic art there are many small fields
of special application such as in the formation of plates for the
fashioning of imitations of (alligator skin) leather, producing inlaid
work by galvanoplasty, and many other highly specialized fields of
galvanoplasty.

Copper is readily deposited either from acid copper solutions or
alkaline cyanide solutions, with few difficulties presenting in the
operation of the process and its maintenance with a high degree of
efficiency.

Nickel has been used as a substitute for copper in many of the
fields noted because of the greater degree of hardness of the metal.
However, difficulties with impurities in the solutions and the
maintenance of the p.H. of the solutions and many others have
reduced the extent to which nickel has replaced the use of copper.

The use of silver and gold in the galvanoplastic field has been
limited still further not only because of the cost of these precious
metals, but also because of the extreme difficulty of depositing
them satisfactorily.

Chromium, too, and most other metals have proven too difficult
to control in galvanoplastic processes; the slightest variations in
the electrolytes or working conditions, affecting the deposits to a
marked degree.

Turning now from considerations of the choice of metals to be
used in the general field of electrodeposition, let us focus our at-
tention on the choice of metals to be used in the application of the
principles of electrodeposition to the dental field.
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CHAPTER 3
- DENTAL ELECTRODEPOSITION

CHOICE OF METALS AVAILABLE AND THEIR SUITABILITY

HEN consideration is given to the selection of the metals
which might be used for purposes of electrodeposition in
dentistry we think of both the electroforming and electroplating
fields. The logical subdivisions of each of these ficlds are de-
termined by the fact as to whether the metal so deposited is to be
used for laboratory technique purposes only or for use in the oral
cavity. ¢
e.g.
Electroforming A. Laboratory technique—Models, etc.
—Indirect Inlay model
B. Oral cavity use —Denture base
Electroplating C. Laboratory technique-—Plating a copper model
against which vulcanite
is to be processed.
D. Oral cavity use —Denture base
A.—For laboratory technique purposes the factors governing
the choice of the metal to be used would include: ease of deposition,
economic considerations, hardness and color to a limited extent.
Copper fulfils these requirements more nearly than any other metal
and is our first choice. Nickel, on the other hand, is used to a
limited extent for the same purposes. Therefore when we consider
special technical procedures of model or die construction we will
select copper as the metal to be used.

B.—Where the metal deposited is to be placed in the oral cavity
and remains in contact with the oral fluids, new factors enter into
the consideration of the choice of the metal to be used. Not only
must the color, hardness, economic aspects and adaptability be
acceptable, but also the metal must be resistant to corrosion and
tarnish in the mouth, and tolerated well by the tissues. Tissue
tolerance is perhaps limited to those metals high up in the Electro-
motive series such as gold and silver, and to a lesser extent rhodium,
nickel and chromium. Nickel and chromium are relatively low
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down in the Electromotive series, but under most conditions they
are both ‘‘passive’” and their potentials are much more positive
than would appear in the table.

On the other hand silver, and nickel and gold in some mouths
are readily tarnished. According to one author, ‘‘few, if any, of
the common denture base materials do not stimulate the mouth
tissues. Tissues reacted so well to chemically pure silver, however,
that there is no evidence of stimulated tissues under such a metal,
and even in some cases badly inflamed and irritated mouths were
freed from these evidences of irritation.””!® A similar experience
was noted in one case by the writer where a nickel denture base
was used.

C.—Occasionally in the laboratory procedures the need for
electroplating a metallic model arises. The factor of the resistance
of the metal used, to corrosion, is the important consideration in
choosing the metal. e.g. A copper model on which a vulcanite
denture is to be processed, must be tinned or cadmium plated to
resist the action of the vulcanite on the copper during the process
of vulcanization.

D.—When the need arises for plating a metallic object which is
to be worn in the mouth, similar considerations arise which have
been discussed above, viz. those concerning tissue tolerance, e.g. A
partial denture cast in a silver base alloy might be rhodium plated
to resist tarnishing. A metallic splint cast of Victoria metal might
also be rhodium plated.

EQUIPMENT FOR ELECTRODEPOSITION AS APPLIED TO THE
DENTAL FIELD

When we examined the requirements which are necessary in
the broad field of the electrodeposition industry we became ac-
quainted with certain facts. With the information gathered in this
way we are now able to approach the dental field and to apply the
basic principles. At the outset we must recognize the fact that the
dental field differs from the commercial field, principally because
we are dealing with small areas upon which the deposition is to be
made. The equipment therefore is built on a comparatively small
scale.

For convenience sake we will discuss the details of this equip-
ment under the following headings:

(a) Source of electrical energy.
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(b) Control of current.

(c) Measurement of current.

(d) Distribution of the current.

(e) Receptacle in which the electrolytic process is to take place.

(f) Operation and maintenance of the apparatus.

(a) Source of Electrical Energy—An inexpensive source of direct
current at a relatively low voltage (6-12 volts) is available in the
form of a dry cell, or wet plate battery. These, however, require
continual care and recharging. To generate the current by means
of a low voltage dynamo for the small current requirements in our
limited field is out of the question, both because of space available
in a dental office and also because of the cost of installation of such
equipment.

There are available today four or five commercial instruments
designed for use in the dental office for electrodeposition of metals
—but in each case the cost of such an apparatus has limited the
extent to which they have been used. The principle of these is
much the same in each case; namely a method of supplying uni-
directional current with a means of controlling it so that the current
may be varied from 50 m.a. to 1 amp.

The apparatus which the writer has made from parts readily
available in any radio trade supply depot has been set up with the
thought in mind of having it simple and inexpensive. By means
of this apparatus the current as supplied to a dental office can be
adapted to meet the requirements. This apparatus has been used
almost constantly since 1937 and has proven itself highly efficient
and easy to control.

The primary source of current is that which is supplied for
general domestic use, namely, 25 or 60 cycle alternating current.
A transformer capable of reducing 110 volts to 3-15 volts is re-
quired and shown at T in Figure 1. The terminals from the
transformer pass to the alternating current terminals of a dry
plate rectifier (R in diagram). The purpose of the rectifier is to
reverse the half cycle of the A.C. and thus supply direct current or
as it may be referred to ‘‘a unidirectional current.”

There are many satisfactory makes of transformers; the one
which has been used and is seen in subsequent photographs is a
Lionel transformer (such as is used on a toy train set) Type WX,
50 W. 25 cycle. If the circuit is 60 cycle A.C. then the transformer
must be rated accordingly.
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Similarly there are several suitable makes of rectifiers. The
one seen in the photographs of the complete apparatus is a Westing-
house, Rectox Unit, S 695622. The capacity of this unit is less
than one ampere and is therefore limited in this respect. Seldom,
however, do we require a current greater than 14 an ampere.

A Mallory dry plate rectifier No. F 12.C.1 has also been used,
where a current of greater amperage (up to 2 amps) is required.

(b) Control of the Current—A variable resistance might be added
to the circuit in series for the purpose of regulating the current
supply. The simplest method of adding such a resistance was con-
sidered to be the inclusion of a single electric light socket into which
could be inserted an electric light bulb of any size (from 50 to 200
w). This limited form of variable resistance combined with the
adjustment of the transformer within narrow limits, allows a re-
latively simple, elastic, and inexpensive method of controlling the
supply of current.
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FIGure 1

t—transformer; r—rectifier; o—electric socket and light bulb;
m-—milliameter; a—anode; c—cathode.

(c) Measurement of the Current—TFor dental purposes the
strength of the current used is very small (somewhat less than one
ampere in most procedures) and therefore a milliammeter would be
required for measuring such a current. This instrument is con-
nected in the circuit in series, as shown in the accompanying
diagram. (See Fig. 1.)

If the voltage across the tank is to be recorded, a voltmeter may
be readily included in the circuit, in parallel. In the dental field
we are seldom interested in the voltage in such detail and therefore
have omitted the voltmeter from the circuit.

(d) Distribution of the Current—The electrical energy now
available across the terminals must be distributed to the receptacle
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in which the electrolytic process is to take place. In the commercial
field the metal used and the size of the conductors for distributing
the current some distance to the large tanks was seen to be im-
portant. In the dental apparatus the tanks are small and the
problem of distribution of the current is proportionately small.

The bus-bars may be made of 34” X /"' copper bar as seen in
Figure 3 at B.! & B.2 Loss of electrical energy in the small
dental apparatus may, however, be encountered through the
increased resistance of faulty contacts. Therefore it is well that
all possible connections which can be fixed permanently should be
soldered.

Fi1GUrRE 2

r—rectifier; r.s.—rectifier stand; t—transformer; ol'—electric socket;
o?—light bulbs.

(e) Receptacle in which the Electrolytic Process is to Take Place.—
The receptacle in which the electrolytic process takes place may be
referred to as ‘‘the tank’ or ‘“‘the vat.”

In the small field, a glass tank is quite satisfactory. The deeper
the tank the better the results, owing to the decrease in effect
produced by variation of the concentration of the electrolyte at the
terminals. An inexpensive form of glass tank is seen in the photo-
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a b! an ca b? c 1 f
Figure 3

a—anode terminal; b!, b®—bus bars; an—anode of copper; ca—

cathode; c—cathode terminal; I—level mark on tank; f—fahnstock

clip soldered to bus-bar,

FIGURE 4
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graph Figure 3. This tank has a capacity of approximately 600 c.c.
The ideal tank should be about 8" X 6" X 6" with a capacity of
1000 c.c. (1 litre).

(f) Operation and Maintenance of the Apparatus—To the equip-
ment described above might be added (without great expense) one
of two methods of automatically replenishing the electrolyte, to
compensate for loss by evaporation. The first method is by the
use of a flask, placed above the level of the tank and connected to
it with two rubber tubes as seen in Figure 4.

FIGURE 5

t—transformer; r—rectifier; o—electric socket and light bulb;
m—milliameter; c—cathode terminal; a—anode terminal; v-—tank
or vat; y—reservoir.

The second method and the most efficient of the two is shown
in Figure 5. In this we see an inverted flask half filled with solution
and two glass tubes extending through the rubber cork downwards
into the tank.
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Diagrammatically the principle of this reservoir is as follows.

L 4

Ficure 6
Sketch of reservoir at y in Figure 5.

As the level of the electrolyte in the tank falls and air enters at
A, the pressure in the glass flask is equalized with that outside the
flask and a syphon action permits the liquid in the reservoir flask
to flow into the tank. As soon as the level rises again and cuts
off A—the pressure in the flask becomes less than the pressure
outside and the syphon effect ceases and the fluid in the flask
ceases to flow out through B. Thus the loss of electrolyte (actually
only water) by evaporation starts the process of replacement of
the fluid in the tank.

However, the addition of the equipment described above to
compensate for the Joss of water from the electrolyte by evapo-
ration, is not essential. To simplify the apparatus, another method
of compensating for the loss of water from the electrolyte will be
suggested later.

As has been said before, the writers’ prime consideration has
been to advise the use of a piece of apparatus which the dentist
himself can put together. It is simple, efficient and the total
expenditure involved prior to the war, was less than ten dollars.

APPLICATIONS TO DENTISTRY

For convenience of discussion of the application of the electro-
depositing art to specific dental procedures the following classifi-
cation of these procedures has been drawn up.
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Electroforming—Technique—Models for inlays, crowns, etc.
—Bite appliances
—Records—Pre-extraction; special and

Orthodontia casts
—Acrylic Inlays
—Teaching models
Oral —Denture Bases—nickel & silver
—Obturator
—Artificial Nose

Electroplating —Technique—Teaching models

—Copper model for Vulcanite
Oral —Crowns

—Copper bands for use in mouth

—Partial Dentures

—Bite Appliances \

—Splints

—Silver Denture Bases
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CHAPTER 4
ELECTROFORMING FOR TECHNIQUE PURPOSES

IN a previous section we considered briefly, the suitability of

certain metals for dental purposes. It was suggested that
copper fulfilled the requirements desirable in a metal to be used in
technique processes. Copper is hard, its color is good; from the
economic standpoint it is satisfactory and it is perhaps the most
casily manipulated.

For copper, the electrolyte in which the action is brought about,
may be either the acid copper sulphate solution or the alkaline
copper cyanide. Up to the present time the acid solution has
proven to be the most efficient and is the medium of our choice.

Tue CoPPER ELECTROLYTE

The formula for the copper electrolyte is satisfactory within
certain limits. Most authors agree that 24-32 ounces of the
crystallized copper sulphate to the gallon of water, provides the
most favorable limits of concentration of this salt. 1t is known
that acid solutions are better conductors than ordinary solutions,
and since the whole process depends on the degree of conductivity
through the electrolyte, it is expedient to use an acid solution of
copper sulphate.

Commercial sulphuric acid is used to acidify the solution of
copper sulphate and is required in limits of 8-12 ounces to the gallon
of water. As the acid concentration increases, the solubility of the
copper sulphate decreases, so that the balance between the two
must be kept within certain limits, or else copper sulphate crystals
will be deposited out of the solution.

The Electrolyte formula.

Crystal copper sulphate. ... ... 24-32 ounces

Commercial sulphuric acid. . . .. 8-12 ounces

Water................ ... ... One gallon
Mix

N.B. Considerable heat will be developed when the sulphuric
acid is added and therefore caution should be observed. The acid
should be added slowly, while stirring continuously.
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The above formula using the metric system would be approxi-
mately:

- Crystal copper sulphate....... 800-900 grams
Commercial sulphuric acid..... 300-325 c.c.
Water. ........ ... 3800 c.c.

Mix

However, with the idea of strict economy in mind, it would be
well to recall that perhaps only 600-800 c.c. of solution are going
to be required for the tank to be used in the dental office. Further-
more, the writers’ experience and tests have shown that the solution
may be kept in use, with reasonable care, for a year at least and
may be longer. Therefore the formula for the electrolyte might be
broken down to supply 600-800 c.c. as follows:

Crystal copper sulphate. ... ... 130 grams

Commercial sulphuric acid..... 50 c.c.

Water...........oooiii 620 c.c
Mix.

.The copper electrolyte made on the basis of the above formula
has been used and found extremely satisfactory in the work done
by the writer.

Four factors concerning the electrolyte should be considered if
its efficiency is to be maintained.

Firstly, if the copper, which is deposited on the cathode, were
taken out of the solution at exactly the same rate as it was dissolved
from the anode, a condition of balance would exist in the solution
indefinitely. Unfortunately, this is not the case. Theoretically,
there is a gradual decrease in the acidity and a corresponding
increase in the copper sulphate concentration, which is explained in
the following way. Some of the copper goes into solution at the
anode as Cu® (Cuprous ions) and not all as Cu™t (Cupric ions).
“As the electrochemical equivalent of cuprous copper is twice as
great as.that of cupric copper it follows that just to the extent that
cuprous ions are formed more copper will pass into the solution
from the anode than if only cupric ions were formed. The net
result is an increase in the content of copper sulphate and a decrease
in that of the free sulphuric acid.”® The effect of this is to interfere
with the efficiency of the rate of deposition of copper at the cathode.

Secondly, there is the factor of evaporation of water from the
surface of the tank, which also has the tendency to disturb the
balance between acid and copper sulphate and results in deposition
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of the copper sulphate crystals on the anode and in the bottom of
the tank. See Figure 7.

The efficiency of the process is rendered negative by this situ-
ation and the deposition of copper at the cathode ceases.

Thirdly, there is the process of ‘“‘drag out” which occurs each
time the cathode (the impression) is removed from the electrolyte.
The cathode ‘‘drags out” with it some of the solution, in which is
some acid and some copper sulphate.

Hence, a gradual tendency to weaken the solution of both.

Fourthly, there is sure to be the accumulation of a certain
amount of sludge in the bottom of the tank. This comes from the
atmosphere, and from impurities in the anode.

FIGURE 7

Photograph showing copper sulphate crystals deposited in the tank
and on the anode

Maintenance of the solution as an efficient electrolyte depends
on the control of the above mentioned four factors. While nothing
has been done directly to control the decreasing acidity, it will be
aided by control of the second, and third factors. Perhaps, too,
the addition of a small amount of sulphuric acid to the solution
from time to time is warranted. Tests for p.H. concentration
conducted on various solutions—and one in particular, which was
in continuous operation for a year, illustrate the gradually de-
creasing acidity. See table below.
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Solution No. 1 Solution No. 2 Solution No. 3
Constant Use Not Used Not Used
Vat not covered Vat not covered Vat not covered
Reservoir Used Reservoir Used No Reservoir
p.H. .40 p.H. .40 p.H. .40
p.-H. .62 p-H. .56 p.H. .50
p.H. .69 p.H. 41 p.H. .46
p-H. .88 p.H. .28 p.H. .59
p.H. 1.00 p.H. .38 p.H. 49
o p.H. .56

N.B. All three solutions were portions of same original mix.
N.B. As the value increases the acidity decreases.

It will be seen from this table showing the results obtained for
p.-H. tests done at intervals with the Beckman p.H. meter, that the
solution represented by the figures in the first column, gradually
became less acid. This solution was in constant use for a year.

The figures in columns 2 and 3 are those for two solutions
(similar in formula to the solution in column 1), one of which was
open to the atmosphere, but never used. The other (column 3)
was in a well-stoppered jar. The results in the case of 2nd. and
3rd. solutions show that the acidity remained fairly constant. Use
must be a contributory factor therefore, for the decrease in acidity
in the first solution.

Control of the evaporation of water from the solution can be
easily accomplished in several ways. The simplest method and
the one involving no extra equipment is to place a mark on the
tank at the height of the original level of the solution in the tank.

Add water as required by the drop in the level. Should crystal-
lisation occur as the result of evaporation, restoration of the level
by the addition of water will quickly result in the solution of all
the crystallised copper sulphate, and a return to normal. The
amount of evaporation might be reduced by covering the tank with
a glass cover.

Instead of a glass cover, a cover made out of a half car battery
casing with the terminals going through it, might be used. How-
ever, the cover, of whatever type, will only limit the loss by
evaporation and additions of water will be required from time to
time. The third method of controlling loss by evaporation involves
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additional inexpensive equipment. The principle involved in the
method of operation of the reservoir is explained by the diagram
Figure 6.

The solution which has been referred to previously as having
been in operation for one year was carefully recorded for volume
lost by evaporation. After the original 600 c.c. of solution had
been placed in the tank, 7,200 c.c. of water were added during the
yvear, through the reservoir. This amounted to about 300 c.c.
every 15 days, or 20 c.c. a day. However, this was for a tank with
a solution surface area of 26 square inches, and another tank of
different area would result in more or less evaporation.

Control of the ‘‘drag out” factor was not practised with the
solution tested for the year in actual operation. No doubt this
contributed to some extent for the loss in p.H. of this same solution
referred to before. But besides the loss of acid, some copper sul-
phate was also lost. A series of tests were carried out to determine,
comparatively only, the extent of this loss of copper sulphate.

By adding 10 c.c. of electrolyte to 15 c.c. of concentrated sodium
nitrate and diluting with 100 c.c. of distilled water, and then using
a clean, weighed, copper gauze cathode and platinum anode, all the
copper content of that small amount of solution could be removed
and deposited on the cathode. The increased weight on the cathode
represented the amount of copper in the 10 c.c. of solution. This
test could be accomplished in 4 hours with a current of 300 m.a.
Proof of all the copper being removed was furnished by adding to
a few drops of the diluted solution, a few drops of Hass water. No
discoloration meant that no copper sulphate remained.

From the table it will be seen that all solutions tested were made
originally from the same formula, and all received the same treat-
ment. Solution No. 1 and No. 2 were new: Solution No. 3 one
year old and had been in continuous use, and Solution No. 4, one
year old, but it had never been used, and had been in a well-
stoppered jar, from which no doubt a slight amount of evaporation
had taken place, and no compensation for it had been made.

The results are interesting. Numbers 1, 2 and 4 had virtually
the same copper content but No. 3, the much used solution, in
which the ‘‘drag out’ factor had not been compensated for, con-
tained less than half its original copper content. The loss must be
attributed to the “‘drag out.”

To compensate for this factor it is suggested that immediately
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the anode or cathode is removed from the tank at any time,
whether it be for inspection or after completion, that it be washed
in a jar kept available alongside the tank for this purpose. By so
doing, the solution ‘‘dragged out” is washed off. This rinsing
water might then be used to refill the reservoir or for the additions
which are to be made from time to time, to compensate for the
evaporation. The “drag out” solution is therefore returned to the
tank.

The results obtained are shown in the table below.

Solution Grams of Copper
No. Solution Formula contained in 10 c.c.
of solution

l..........| Copper Sulphate... 130 gr. 470 grams
Sulphuric Acid.. ... 50 c.c.
Tap Water. . ...... 620 c.c.
New Solution
Not used
SRRy Copper Sulphate. .. 130 gr. 465 grams
Sulphuric Acid. . ... 50 c.c.
Distilled Water. ... 620 c.c.
New Solution
Not used
3..........| Copper Sulphate... 130 gr; .200 grams
Sulphuric Acid. . ... 50 c.c.
Tap Water........ 620 c.c.

Solution 1 year old
Used continuously

4..........| Copper Sulphate... 130 gr. 480 grams
Sulphuric Acid. . ... 50 c.c.
Tap Water........ 620 c.c.
Solution 1 year old
Not used

As far as the accumulation of sludge in the tank is concerned, the

solution should be filtered once a month to free it of the sediment.

Before leaving the subject of the maintenance of the copper

electrolyte it should be said that the solution referred to several

times above, as having been kept in operation for one year; which
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had 12 times its original volume of water added; whose p.H.
increased from .40 to 1.00 and the copper content of which was
reduced to less than half of its original content, nevertheless at the
end of one year it was still functioning well, but not quite as
efficiently as a new solution.

Tue CoPPER ANODE

The anode may be of electrolytic, drawn or rolled copper—the
latter being considered best. It should have an area which is
larger than the cathode area. It is also advantageous for the anode
to be similar in shape to the cathode surface upon which the metal

a b c

FiGure 8
a—Copper bar, 2" X 1”7 X 14", b—24 ga.
copper wire. c¢c—completed anode.

is to be deposited. However, with small objects such as impressions
of individual teeth with their cavity preparations, the surface is
very irregular and different in every case. It is impracticable,
therefore, to meet the ideal in respect to having the anode and
cathode surfaces similar.

The anode used by the writer is simply constructed from rolled
bar copper. A piece 2”7 X 1”7 X 14’ as seen at (a) in the Figure 8
is suitable for the small tank used. If the tank is 6’ deep then the
measurements could be increased to 6”7 X 1”7 X 14”.

A piece of 14 G. copper wire is soft soldered to one corner of the
copper bar to complete the anode, see Figure 8 (c). The anode
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should be long enough so that the soldered join will not enter the
solution when the anode is in place.

The 2" long anode seen in the photograph weighed 70.690 grams.
Approximately 34 of one gram of copper will be used for each small
unit to be electroformed, so that we might expect to make 80-90
models out of each anode of these dimensions. The cost of this
item in the whole process will be mentioned later.

As a practical measure of economy, the copper shells—after
they are discarded, might be used over again at the anode. The

a b

FI1GURE 9

a—Stainless steel gauze basket. b—copper
scrap in basket to form anode.

backing material used must first be removed. If this has been low
fusing metal, it also will be recovered to be used over again. If it
was stone or plaster or cement it will be destroyed in removing.
The copper shells might be further cleaned of impurities by a nitric
acid dip. A basket of stainless steel gauze with a stainless steel
lead wire is constructed very simply and very inexpensively as
shown in Figure 9.

This basket may be of varying size according to the require-
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ments. The one shown is about 1’ X 1/, and holds about 10 grams
of scrap copper. After numerous tests in actual operation the
stainless steel does not appear to be affected by the electrolyte or
have any effect on the clectrolyte.

THE SMALL CATHODE—IN A METALLIC BAND

The cathode will be the object on which or into which, the
deposition is to be made. The small cathode in dental laboratory
procedures will include the impression of a cavity preparation for
a gold inlay to be made by the indirect method, a porcelain jacket
crown, a gold crown, or a porcelain inlay. The materials commonly
used for taking such an impression are wax and compound, con-
tained in a metallic (copper, brass, aluminum) band. The wax or
compound is a non-conductor of electricity. Any treatment of the
surface to render it a conductor must not in any way deface it or
change the shape of it.

METALLIZING THE CATHODE

The process of rendering the wax surface a conductor of elec-
tricity is called metallizing the surface. Failure to be thorough in
this phase of the process has, in the past, been responsible for many
disappointments. The various methods available for metallizing
a non-conductive surface may be classified as dry or wet processes.
For the dry process we return to study briefly the electrotyper’s
work. He takes an impression of the type with a specially com-
pounded wax, and on it he brushes dry graphite. This surface is
well burnished and it is then covered with wet graphite. Further
treatment of this graphited surface is proceeded with by wetting
the surface with some dilute copper electrolyte and dusting on iron
filings. The copper and iron in the presence of the acid solution
sets up a number of individual minute cells, each of which precipi-
tates metallic copper onto the graphited area. The metallized
surface is now washed off. In recent years wet graphite has been
used almost universally, because of better conductivity, and because
the dust of dry graphite was injurious to the health of the workers.
For dental purposes the electrotyper’s process is not highly satis-
factory. Copper bronze powder might be substituted for the dry
graphite in the previously outlined method. In the writers hands
this has not been very efficient.
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The wet methods of metallizing a wax impression include two
suitable procedures which are applicable to the dental field.

The first method is based upon the use of graphite in a colloidal
form. Aqua Dag—a product of the Acheson Colloids Corporation
—has been the graphite of choice. Very minute quantities are used
so that it is therefore a relatively inconsequential item when
considering the production costs.

On a glass slab (set aside for this use only) or a suitable recepta-
cle, as seen in Figure 10, place a small portion of the colloidal
graphite. Enough to cover the head of a pin per impression should
be sufficient.

When ready, mix the graphite with a drop of water. The mix-
ture should be thin and watery, not creamy in consistency. See
Figure 10—right.

F1GURrRE 10

With a small camel’s hair brush the watery suspension of
graphite is painted onto the dry surface of the impression and over
the edge to contact the metallic band containing the impression
material. The graphite is now dried by means of a few puffs of air
from a chip blower. This automatically effects an even distribution
of the graphite over the impression surface, blows out any excess,
and also blows some out to contact the band, as mentioned above.
Examine the surface carefully for any areas which were missed in
the graphiting process and retouch any such areas before proceeding.
The copper deposition will extend to the limits of the graphite so
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that the extent of the impression covered can be controlled by the
careful placement of the graphite.

A few drops of dilute copper electrolyte are now dropped into the
graphited impression with a medicine dropper and iron filings are
dusted in with the solution. A suitable shaker for the iron filings
is a discarded mercury dispenser. After three or four minutes the
contents of the impression are washed out gently and with the aid
of a camel’s hair brush, any particles may be removed. Upon in-
spection it will be seen that the graphite is completely covered with
a deposit of copper. If the copper deposit is not complete, dust
iron filings on the areas missed and add a drop or two of solution
again. Wash off after three or four minutes.

While the above wet process for metallizing an impression is
perhaps the most efficient, relatively simple in its application and
inexpensive, there is always the unclean nature of graphite to
contend with, both in its application and on the finished model.
In the case of porcelain work and especially in the case of acrylic
restorations, a cleaner metallizing process is desirable.

A second wet process, that fulfils the latter requirement, is
described below.

[t is based on the chemical precipitation of silver upon the wax
surface of the impression. Two solutions are required in this process
and as both are comparatively unstable they should be made up
fresh just before using. Such a limitation at the outset might be
discouraging but it can be met rather simply.

The two solutions are silver nitrate and a reducing solution.
When brought together, silver is deposited, which on glass will
form a shining silver mirror. On wax or compound the same effect
is produced. Silver is a splendid conductor of electricity and there-
fore excellent for metallizing the wax of the cathode. Silver nitrate
is of course bad from the standpoint of the stains it produces if it
gets on the hands or linen, but its antidote, common salt, is cheap,
and should be readily available both for cleaning up utensils in
which the silver nitrate has been used and for preventing stains.

Prior to the application of the silver metallizing solutions to the
surface of the wax impression the surface is treated with a prepara-
tory solution. The preparatory solution is poured into the box
which is formed around the impression and left for three or four
minutes. The impression is then washed off.
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The formula for the preparatory solution is as follows:

Stannous Chloride. . . .1 gram =4 large ends of Caulk silicate
measuring spoon.

Hydrochloric acid. . . .. 114 c.c.

Distilled water........100 c.c.

Mix and allow sediment to settle.
The formula of the silver solution (A) and the reducing solution
(B) which have been found effective appear below.

Approximate
Cost
(A) Silver nitrate crystals...... .. 2.1 grams 414 cents
Distilled water.............. 45.0 c.c.
(B) Pyrogallic acid (Pyrogallol)... .480 grams 1 cent
Citricacid. . ............... .105 grams 1/10 cent
Distilled water.............. 15.0 c.c.

These quantities given above would be satisfactory for a full
edentulous impression.

For small impressions, or a number of small impressions one-
fifth of these quantities would be suitable i.e.:

Approximate
Cost
(A) Silver nitrate crystals........ .420 grams 1 cent
Distilled water.............. 9.0 c.c
(B) Pyrogallic acid (Pyrogallol)... .096 i.e. .100
grams 1/5 cent
Citric acid . . . s s e .021 grams 1/50 cent
Distilled water.............. 3.00 c.c.

These quantities might be weighed up and placed in suitable
capsules or glass vials ready for mixing. However, this calls for a
pair of relatively accurate scales weighing in milligrams.

Thinking again in terms of the general practitioner, our object
is to make all suggestions and procedures as relatively easy and
adaptable as possible. Therefore these small quantities have been
related to measuring devices which are no doubt readily available
in the office of any general practititioner. A Caulk’s silicate
powder measuring spoon, a 25 c.c. glass measure, and an ordinary
teaspoon, will serve as all the equipment required.

After weighing many times, measured quantities of the chemicals
referred to in the above formula, these formula have been translated
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into terms of the measuring devices mentioned. For example, for
sufficient solutions suitable for metallizing an edentulous upper
impression take:
(A) Silver nitrate crystals (2.1 grams) = 5 large ends of silicate
measure—level

Distilled water = 45.0 c.c.
(B) Pyrogallol (.480 grams) = 1 level teaspoonful
Citric acid finely powdered
(.105 grams) =2 small ends of silicate
measure—level
Distilled water = 15.0 c.c.

Or for a small quantity:
(A) Silvernitratecrystals (.420grams) = 1 large end of silicate

measure—level
Distilled water 9.0 c.c.

(B) Pyrogallol Crystals (.100 grams) = 1 large end of silicate
: measure—level

Citric acid (finely powdered)
(.021 grams)

14 small end of silicate
measure
Distilled water = 3.00 c.c.

These chemicals are readily soluble in cold distilled water.
Hence with the method of measuring the required quantities as
outlined above, the task of making up a fresh quantity of solution
when needed is greatly simplified. The writer has kept the solutions
made up in well-stoppered, dark bottles, in a cool dark place
for several days and found them still quite efficient after such
treatment.

When the solutions are ready for use, the impression, whether it
be large or small, should be ‘“boxed in” (none is necessary for most
small impressions in a metallic band) and into the boxed impression
the solutions are poured. Immediately the mixture turns dark but
it should be left for from five to ten minutes. After this time has
elapsed, wash off the impression thoroughly. Care should be ob-
served in this step. Nitric acid will clean any containers in which
the solutions have been prepared.

The impression is now metallized with silver and ready for
immersion in the tank.

To obviate the necessity for the need of metallizing an impression,
Thompson has suggested the use of an impression material which
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is conductive in itself. He writes, ‘“An impression material which
I have found satisfactory for this technique consists of a mixture of
very fine graphites, such as Dixon’s Microfyne 609, and ordinary
paraffin 409, by weight.”'1t

The reaction of the material under various tests were studied
and an abstract of the results appears by the same author in the
Journal of Dental Research.?
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FiGure 11

a—14 ga. copper wire soldered to stove bolt.

b—adjusting nut of stove bclt. c—24 ga.

copper wire attached to stove bolt, d—wire
loop of carrier. e—glass carpule tube.

ATTACHMENT OF THE CATHODE

After metallizing the impression by one of the wet process
methods described above, there is placed around the band, at the
open impression end, a collar of 14" cellulose tape (Durex). This
collar should be extended 2 to 3 millimetres beyond the end of the
metal band. See fig. 12.

The purpose of this cellulose collar will be mentioned at a later
point in this discussion.

Arrangements must now be made whereby the impression
surface, now metallized and therefore a conductor of electricity,
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may be attached to the cathode terminal. A carrier or holder is
required. A very simple holder can be made as follows: (See
Fig. 11.)

The 14 G. wire is soldered into the slot in the rounded head of
the stove bolt. The 24 G* wire is bent to form a loop and the ends
are soldered to the end of the threaded portion of the stove bolt.
The 24 G. wire loop is now threaded through the glass carpule
tube—so that the extreme end of the loop is projecting beyond the
end of the carpule tube. The size of the loop beyond the glass can
be adjusted very simply by adjusting the square nut on the stove
bolt.

FiGure 12

The glass carpule tube might be bent as seen in the Figure 11.
This type of carrier will be referred to later as the bent carrier.

The metallized impression is placed in the loop of the carrier so
that the wire loop snares the exposed portion of the metal band.
The loop is then made tight around the band by adjustment of the
square nut on the stove bolt. See Figure 12. It is now necessary
to insulate the metal band by covering its surface with wax.
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OPERATION OF THE PROCESS

With the electrolyte prepared and in the tank, and a knowledge
of certain factors which have to be observed for maintaining the
efficiency of it, the anode bar and cathode might now be attached
to their respective bus-bars. The-importance of being sure that
the impression (cathode) is attached to the negative terminal and
the anode to the positive terminal cannot be overemphasized at
this stage. The attachment of each piece to the wrong terminal
will not only result in no copper being deposited in the impression,
but it may also result in disintegration of the impression material.

Several factors are now of importance before the current is
turned on and the deposition commenced. What shall be the
relative position of the cathode to the arfode? How much current
is needed and how long will it be before sufficient copper is deposited
to form a shell thick enough to be serviceable?

The position of the cathode in relation to the anode does not
seem to be of great importance. Generally, a cathode of irregular
form is better, the further away it is from the anode. Under such
circumstances the nearest parts of the cathode will receive only
relatively little more concentration of current than the sections
farthest away. If on the other hand such a cathode were very near
to the anode the nearest portions will have focussed on them a
greater concentration of the current. « -

In the many tests carried out by the writer very good results
have been obtained by using a 3’/ distance between the cathode
and anodec.

The current required for the optimum deposition is dependent
upon the area to be covered. Current density, we learnt earlier in
the discussion of this subject, was defined as ‘“The number of
amperes per unit of arca of thc cathode.” The current density
varies with each metal. For copper it is stated to be 10 to 15
amperes per square foot. Therefore the amount of the current
required to deposit copper on a small dental impression will have
to bear the same relationship. We must calculate roughly the
area of the metallized surface or surfaces. e.g. An impression of a
bicuspid tooth 14’ in diameter, and 14" deep—has an area of .44
square inches. In the case of a current density of 15 amperes per
square foot, this small area would require approximately 46 milli-
amperes. For all impressions the rate would be approximately
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100 milliamperes per square inch of surface. There is considerable
leeway on either side of this figure so that it is unnecessary to waste
much time in figuring out for each impression how much area is
involved. Very little experience is necessary to judge by obser-
vation, whether there be only one or séveral impressions to be
considered, how much current will be required. Too high a current
density will result in “‘burning” the copper deposit (loose, reddish,
granular copper) particularly at the edges, and too low a current
density will result in slow deposition. The capacity of the unit
seen in Figure 3 is about eight small impressions; the current
required will be for the sum total of all the areas or perhaps we
might say approximately 350-400 milliamperes. Adjustment of the
apparatus to meet the requirements was provided for in the set up.
For the convenience of those who would operate the apparatus
without a millammetre in the circuit, the following table has been
drawn up, showing the relationship of the secondary voltages, the
resistance bulbs and the ampere readings, using the apparatus as
seen in Figure 3. These figures are for the acid copper electrolyte
only.

TiME AND RATE oF DEPOSITION

The time required for the deposition is an important consider-
ation in most dental offices. A satisfactory deposit of copper will
depend on what is considered to be a satisfactory thickness. The
weakest point in this respect will be the deepest section in the
cathode. Numerous measurements were made with a micrometre,
of the thickness of the copper shell on what was considered to be a
satisfactory model. At the weakest point, i.e. the most prominent
point, the copper was found to be only .003"" to .004’/ thick, which
is approximately 1/10 of one millimetre. The time required to
obtain this thickness was found to be approximately 4 hours under
ordinary circumstances. However, it is usually found expedient
to place impressions in the electrolyte for deposition at 5 or 6 p.m.
and remove them at 9 a.m. the following morning. After this
length of time of 12-15 hours, the thinnest section of copper will
measure approximately .005" to .006".

In an attempt to determine how the time of deposition could be
reduced to a minimum many experiments have been conducted by
the writer. Many suggestions made by various people were tested.
For example, Levy," says, ‘It has hitherto been believed necessary
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TABLE SHOWING THE MILLIAMPERE READINGS FOR THE SECONDARY
VoLTAGES INDICATED WITH VARYING RESISTANCE BULBS

Sovondting 4Q W. 60_ W. IOQ W. 209 W.
Volts Resistance Resistance Resistance Resistance
Bulb Bulb Bulb Bulb

3.7 38 94 140 238
4.8 50 114__“ 175 280
5.0 50 117 179 300
5.8 53 128 193

6.6 58 136 209 350
7.4 63 145 220

8.2 68 151 228

9.0 72 157 238 400
9.8 78 162 245 410
10.6 81 166 251

11.4 85 171 259 440
12.2 90 176 265

13.0 o 95 179 270

13.5 96 180 272 490
13.8 99 183 276 490
14.3 100 184 277

15.1 103 187 281 500
15.9 107 190 288

16.7 109 192 292

17.5 112 195 296 530

N.B. The above milliampere readings were obtained with the Westinghouse

rectifier in the circuit.
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TABLE SHOWING THE MILLIAMPERE READINGS FOR THE SECONDARY
VOLTAGES INDICATED WITH VARYING RESISTANCE BULBS

ST 4(? W. 69 W. 109 W. 209 W.

Volts Resistance Resistance Resistance Resistance
Bulb Bulb Bulb Bulb
3.7 12 40 65 120
4.8 22 65 110 200
5.0 25 75 115 210
5.8 28 95 142 255
6.6 33 105 160 310
7.4 40 115 185 330
8.2 45 123 195 350
9.0 48 130 210 380
9.8 52 135 220 390
—10.6 55 142 225 400
114 62 150 235 410
12.2 65 152 240 420
13.0 68 155 245 440
13.8 71 160 250 450
13.5 70 158 250 450
14.3 75 162 255 450
15.1 78 166 260 465
15.9 80 170 260 470
16.7 85 172 490
17.5 85 175 500

N.B. The above milliampere readings were obtained with the Mallory

rectifier F.12 C.1 in the circuit.
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TABLE SHOWING THE MILLIAMPERE READINGS FOR THE SECONDARY VOLTAGES
INDICATED—WiTHOUT A RESISTANCE CONTROL IN THE CIRCUIT

Volts Milliamperes
3.7 400- 450
4.8 N 700- 720
5.0 750
5.8 910
6.6 1.150
7.4 1.350
8.2 1.520
9.0 1.850
9.8 2.150-2.100
10.6 2.320
114 2.400- .500
12.2 2.600- .700

13,0 2.850

13.8 2,900
13.5
14.3
15.1 B
15.9
16.7
17.5

N.B. The above milliampere readings were obtained with the Mallory
Rectifier F.12 C.1 in the circuit but with no resistance bulbs in the circuit to
control the output.
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to use a low current density for dental electroforming, because the
band and its contained impression are so small in comparison to
the anode that a high current density burns them. This necessitated
a lengthy exposure to the current.” He then goes on to say that
an auxiliary cathode permits one to use higher current densities.
His words are, *‘] use as an auxiliary cathode, a copper bar equal
in size to the anode, and hang the object to be plated directly in
front of this auxiliary cathode. Because of this, a current density
of from 3 to 4 amperes can be used, thus completing a copper shell
die in from 2 to 214 hours if desired.”

‘ Ficure 13

(a) Imbpression mounted in straight carrier.

(b) Impression mounted in straight carrier with glass tube attached to provide
a continuous supply of fresh electrolyte in the depth of the impression
(cathode).

(c) Impression mounted in straight carrier with auxiliary anode wire attached:
it is not connected in the circuit.

The results of the tests conducted on the above suggestion of
using an auxiliary cathode will be discussed later, but the writer
could not demonstrate any improvement, See p. 56.

The use of an auxiliary anode as seen at C in Figure 13 was also

tried.
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The auxiliary anode consisted of a 14 G. copper wire—adjusted
to the glass carier, but not connected in the circuit at any point.
The free end of the wire entered thé open end of the impression
but did not contact it at any point. Large and small loopings of
the wire toward the anode were tried, but the results were approxi-
mately the same in each case.

The free end of the wire inside the impression was reduced in
diameter, showing that it had acted as an anode. That portion of
the wire which looped farthest away from the impression and nearest
to the anode proper, was built up on, hence it had acted as a
cathode. See Figure 14.

Fi1GURE 14

Another suggestion made was that a continual supply of fresh
electrolyte delivered to the inside of the impression (cathode)
would replenish the depleted electrolyte within the impression and
result in faster deposition. A glass tube was bent so that it could
be adapted to the carrier. It was arranged so that a fine delivery
tube could be placed inside and to the depth of the impression
(cathode) and this tube then could be connected to a source of
supply of electrolyte. See Figure 13 (b). The source of supply
was delivered at the rate of 4 drops per minute; at this rate it took
4 hours to run in 25 c.c. of copper electrolyte.
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Other experiments were conducted as well, with the results
shown in the table on pages 51, 52, and 53.

The numbers of hours each test piece was given is recorded in
the second column; the voltage and milliamperage used, are re-
corded in the third and fourth columns respectively. While in the
fifth column the weight of copper deposited is tabulated and in the
seventh column, micrometer measurements of the thickness of the
shell at four standard points are denoted. The four points at which
these measurements were made for the jacket crown copper shell
are shown in the diagram below. See Figure 15.

FiGure 15

The figures given for thickness represent an average of four measure-
ments taken at each of the four positions on each shell. The last
column defines the important variations used for each of the tests.

NoTEs oF EXPLANATION REGARDING TERMS USED
IN TABLE SHOWN

By the straight carrier we mean—the impression mounted on a
straight carrier as seen in Figure 13, 134, with a 2 m.m. collar of
durex tape, and metallized with graphite.

By edges heaped—we refer to the excessive deposit of copper
which is laid down at the periphery of the impression (unless the
tape collar is sufficient to control it).
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ResuLts oF EXPERIMENTS CONDUCTED ON

RATE anND TIME oF DEPosITION OF COPPER

No. of Weight Average Variations in
test Time Voltage Milli- added No. of measurements conditions
plece hours amps in grams cathodes No. 1, 2, 3, 4 and Results.
position
A 4 74 140 .230 one of 3 (1) .002" Straight carrier.
(2) .002 Edges heaped up.
(3) .004 Silver metallization.
(4) .004
B 4 7.4 140 180 one of 3 (1) .003" Straight carrier.
(2) .003 Edges not heaped up.
(3) .0063
(4) .0065
C 4 7.4 140 170 one of 3 (1) .002” Straight carrier.
(2) .003 Individual electrolyte supply.
(3) .005
(4) .0065
D 10 7.4 210 .890 one of 3 (1) .0025" Straight carrier.
2) .004 Individual electrolyte supply.
3) .007 Heavy deposit all around
(4) .0115 edge of impression.
E 10 7.4 210 .710 one of 3 (1) .005" Straight carrier.
(2) .0065 Heavy deposit on lower half
(2) .0090 of edge only.

4)

.0100




RESULTS oF EXPERIMENTS CONDUCTED ON RATE AND TiME OF DEPOSITION OF COPPER—continued

No. of | Weight Average Variations in
test Time Milli- added No. of measurements conditions
piece hours Voltage amps in grams cathodes No. 1,2, 38,4 and Results
position
F 10 74 210 720 one of 3 (1) .0045" Supplementary wide anode,
(2) .0051 using a large loop.
3) .0079 Heavy deposit on lower half
(4) .0090 of edge only.
G 16 7.4 65 1.160 alone (1) .0038” Bent carrier.
(2) .0069 Heavy excess on edge nearest
(3) .0136 to anode.
(Y 4) .0296
J 2 3.7 500 .100 alone (1) .0010” Straight carrier.
(2) .0011 Supplementary cathode.
(3) .0017
(4) .0020
K 4 3.7 500 .080 alone (1) .0016" Straight carrier.
some lost (2) .0015 Supplementary cathode.
from edge (3) .0023
(4) .0025
M 3 5.8 50 .160 alone 1) .0021” Bent carrier.
(2) .0022 Edges—good.
(3) .0026

(4) .0040




134

3 5.8 50 .130 alone (1) .0013"” Straight carrier.
(2) .0014 Heaping along lower edge.
(3) .0026 Copper gauze screen.
(4) .0038

4 6.6 88 .200 one of 2 (1) .0035" Bent carrier.
(2) .0044 Not much heaping of edge.
(3) .0054
(4) .0074

4 6.6 88 .260 ong of 2 (1) .0027" Straight carrier.
(2) .0026 Edge heavily heaped.
(3) .0044
(4) .0063

4 5.8 88 130 one of 2 (1) .0019" Straight carrier.
(2) .0020 Long collar of Durex tape.
(3) .0033 6m.m. instead of 2 (normal)
(4) .0048

4 5.8 88 210 one of 2 (1) .0021" Bent carrier.
(2) .0029 Long collar of Durex tape.
(3) .0039 6 m.m. instead of 2 (normal).
(4) .0047

14 5.0 88 .570 one of 2 (1) .0046" Bent carrier.

(2) .0051 Very little excess or heaping
3) .0104 at edge.
(4) .0119

14 5.0 88 .840 one of 2 (1) .0040" Straight carrier.
(2) .0042 Very heavy excess around
3) .0070 lower edge.
(4) .0094




By individual electrolyte supply—we refer to the case where a
separate source of supply of electrolyte direct to the cathode is
provided for as explained and shown in Figure 13 (b).

By supplementary wire anode—we refer to the use of the wire
loop as shown in Figure 13 (c).

The bent carrier is similar to the straight carrier but as seen in
Figure 11, the insulating glass tube is bent. The impression is
mounted looking upward, rather than facing the anode.

The supplementary cathode was composed of a large sheet of
copper 27 X 2", attached to the cathode terminal. The small
cathode—the dental impression, was placed in front of the larger
supplementary cathode.

The copper gauze screen was a 2" X 2" piece of copper gauze
hung in front of the impression upon which the deposition is
to take place, but without connection to the circuit. These are
the variations referred to in the last column of the tabulated results
of the experiments.

To interpret the results it is essential that we try to compare
the tests done when a single variation is introduced, but when the
general conditions otherwise are the same.

We might take the straight carrier as being the normal and the
bent carrier as being next and compare one with the other. Then
the results of the tests done with certain variations introduced
could be compared with these, more or less normal conditions.

For example, tests O and P are comparable as far as conditions
are concerned, except that O was mounted in a bent carrier and P
was in a straight carrier. O is thicker than P in each of the four
positions measured. Tests Q and R being conducted under similar
conditions are comparable, and show a slightly thicker deposit for
R, which was also mounted in a bent carrier. Tests S and T are
again in the favor of the bent carrier. For the results of these
experiments see the table immediately below.
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Measurements
Straight Carrier

Measurements Conditions
Bent Carrier

Test O .0035”” | 4 hours—normal tape [ .0027" Test P
.0044 l collar (2m.m.) L0026
0054 [ —otherwise 1 .0044
.0074 J similar. l .0063

Test R .0021" 4 hours—long tape .0019" Test Q
.0029 collar (6 m.m.) .0020
.0039 —otherwise .0038
.0042 similar. 0048

Test S 0046 14 hours—normal collar .0040" Test T
.0051 —otherwise .0042
.0104 similar. .0070
0117 .0094

Therefore from the results of the tests made it is assumed that
the bent carrier is the better of the two. After considering the
three tests O, R, and S, we must come to two conclusions; firstly,
a long (6 m.m.) tape collar impedes the deposition to some extent.
See the results below where a 6 m.m. tape collar was used and a
2 m.m. tape collar was used.

Long 6 m.m. collar Short 2 m.m. tape collar
Test R .0021" ] 4 Hours [ .0035"" Test O
.0029 ! 0044
.0039 .0054
.0042 .0074

Secondly, prolonged deposition adds very little to the thickness
of the deposited copper shell and we might justifiably conclude that
the additional time is unnecessary. See table below which com-
pares a 4-hour deposit with a 14-hour deposit.

4 Hours 14 Hours
Test O 0035 ] Bent Carrier [ 004677 Test S
L0044 1 0051
L0054 J I L0104
.0074 0110

The results of further tests where other variations are introduced
might now be compared with those of either the straight carrier or
the bent carrier.
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THE INDIVIDUAL ELECTROLYTE SUPPLY

Compare the results of test C with B.

Individual Electrolyte Supply Straight Carrier
Test C .002'! Similar conditions - .003" Test B
.003 4 Hours " .003
.005 .006
0065 l .0065

And under the same heading compare test D with E.

Individual Electrolyte Supply Straight Carrier
Test D .0025"* Similar conditions .005" Test E
.004 10 Hours .0065
.007 .0090
0115 .0100

Comparison of the result in these two instances leads us to the
conclusion that the individual electrolyte supply arrangement is
detrimental to the rate of deposition rather than a benefit.

SUPPLEMENTARY ANODE

Compare the results of test F with E.

Supplementary Wire Anode Straight Carrier
Test F 0045 Similar conditions 005" Test E
0051 ] 10 Hours [ .0065
L0079 }' l L0090
0090 .0100

Here again we might assume that nothing was gained by the
use of a supplementary wire anode in improving the distribution of
or rate of deposition.

SUPPLEMENTARY CATHODE

Compare the results of tests K with B.

Supplementary Cathode Straight Carrier
Test K .0016"/ 4 Hours 003" Test B
.0015 .003
.0023 .006
.0025 .0065

The results of this test and several others with a supplementary
cathode were always the same. The supplementary cathode was
detrimental rather than an advantage.
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Based on the above work we come to several obvious con-
clusions. They are:

1. The best method of mounting the impression for the most
rapid deposition is in a bent carrier, so that the impression mouth
is facing upwards and not towards the anode.

2. Prolonged time of deposition adds little, because after four
hours or thereabouts, the metal is deposited on the edge of the
impression nearest to the anode and not in the deepest portions,
where it is needed.

3. Too long a collar of cellulose tape around the mouth of the
impression impedes the deposition.

TaE EFFICIENCY OF THE PROCESS oF DEPOSITION

While the amount or weight of copper deposited in a certain
length of time is not of great importance when considering the use-
fulness of the finished model, it is an indication of the efficiency of
the apparatus. It is known that for copper, one ampere-hour
would deposit 1.1858 grams of copper. The table which follows
shows the results of tests conducted on several copper solutions
and the estimated percentage of efficiency.

COMPLETION OF THE MODEL

Following the deposition of a satisfactory thickness of copper
in the impression, the final stages in the formation of a model are
described below. We must always remember the fact that we are
dealing with a strong acid solution which will quickly ruin clothes
if it makes contact with them. ‘Therefore after removing the
cathode (impression) it should be washed in a receptacle of water
to take up the solution dragged out with it. Any solution which
has seeped in around the insulating wax and is now inside the glass
insulator, as seen plainly from without, must be released and
washed out too.

The carrier and impression should be immersed in a bath of
soda bicarbonate to neutralize the remaining traces of acid.

The impression may then be dismounted from the carrier and
dried off.

The importance of the effect of the Durex tape collar around
the impression mouth will now be realized. Where no tape is used,
the copper will have heaped up around the edges and extended
considerably beyond the limits of the metallic band. See Figure 16.
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TABLE SHOWING TESTS 0F EFFICIENCY OF ELECTROLYTE

Efficiency
Solution Voltage Rate Ampere considering
No. Formula MA. per hour— hour 1.1858 as
average rate 1009
|
A 130 grams Cu.Sos | 5.0 127 grams 1.134 95.69%,
50 c.c. HaSo4 112 ML.A.
620 (Tap) Heo
Old: used 1 year.
B 130 grams CusSoq | 5.0 .131 grams 1.170 98.7%
50 c.c. HsSoq 112 M.A.
620 (Tap) Hso
Never used: 1 year
old.
C 130 grams CuzSos | 5.0 .130 grams 1.130 95%,
50 c.c. HaSo, 115 M.A.
620 (Tap) Hao
(New)
D 120 grams CusSos | 5.0 .130 grams 1.102 92.99,
50 c.c. HaSoy 118 M.A.
620 (Distilled Hso)
(New)
E 130 grams CusSo: | 5.0 .130 grams 1.130 95%
40 c.c. HsSo4 115 M.A.
620 (Tap) H:o

This condition as seen at c¢ in Figure 16 is bad for two reasons.
Firstly, the heaped up edge will have taken up most of the current
density going to the cathode and therefore less copper will have
been deposited in the depth of the impression than is the situation
at d, Figure 16, where no-heaping occurred. Secondly, the heaping
at the edge is bad when we continue with the procedure and attempt
to back up the shell of copper with stone, or a low-fusing metal.
The heaping up of the metal has been prevented at d by the
presence of the Durex tape.

To back up the copper deposited in the impression we require
some heavy brown gummed paper. This is readily wrapped around
the band and a box is formed into which a low fusing alloy, stone
or ordinary household cement, can be packed.

If a low fusing alloy is used to back up the copper shell, then the
equipment in Figure 17 is suggested.
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a C d b
FIGurE 16
a—Graphited impression without tape collar.
b—graphited impression with tape collar.
c—excessive peripheral deposit resulting
from lack of tape collar. d—result when
deposition controlled by tape collar.

al ’ b c d e
aZ
Ficure 17
(a!) Impression boxed—where a heavy deposit existed on the edge.
(a?) Impression boxed—with paper-—no excess.
(b) Lowfusing metal in ladle.
(c) Burner.
(d) Beaker (or glass) of water to cool off metal.
(e) Pliers to immerse poured impression into beaker.



The metal is poured into the boxed copper deposited impression
and chilled quickly. Slow cooling allows the heat to be transmitted
to the impression material which causes it to soften and adhere
more firmly to the copper surface and hence render separation
later, more difficult.

Figure 18 shows the two electrodeposited impressions, backed
up with low fusing metal and the paper boxing, stripped off.

In order to separate the impression material and metallic band
containing it, from the model, a limited amount of heat should be
used. Too much heat results in the impression material adhering
too well to the model surface; on the other hand, too little will

FI1GURE 18

(a) The one with heavy deposit at edge (no tape was used).
(b) The one where tape was used; no excess at edge.

endanger pulling the deposited copper away with the impression
material, especially if a limited deposit was made. After the model
and impression material have been separated, the model may be
cleaned up with carbon tetrachloride, on a tooth polishing brush
used in the hand. The junction between the copper and low fusing
metal should be trimmed with a suitably mounted carborundum
point and the root stump with a Halls Abrasive Wheel. See
Figure 19.
The finished models are seen in Figure 20.

THE ADVANTAGES OF AN ELECTROFORMED MODEL

For indirect inlay work, porcelain work and acrylic restorations,
this type of a model has many advantages over other materials
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(a)
(b)
(c)
(d)
(e)

b c d

FIGURE 19

Backed up copper shells.

Carbon Tetrachloride.

Tooth polishing brush in mandrel.
Mounted carborundum point.
Hall’s abrasive wheel.

FiGure 20
Two completed models.
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used for the same purpose.

Amalgam is extensively used and a

table of comparisons between the amalgam model and copper
electroformed model suggests some of the advantages which might
be claimed for the latter.

Copper Factor Amalgam
40 Hardness (Brinell). 40-65
Most accurate. Accuracy. Dependent on manipu-

lation and control of
volume changes.
Boxing, mixing,

Simplicity of Time in manipulation.

metallizing, packing—personal
mounting, equation.
deposition,
finishing.
No danger. Contamination. Mercury is present and
in finishing may be
a serious factor.
Each model Cost. Silver amalgam jacket

crown model costs
approximately 40c.,
an inlay model
averages 25c.

The factor of accuracy might be discussed a little further. On
page 13 we referred to ‘‘several generations of plates’” being made
satisfactorily in the production of gramophone records and the
degree of accuracy in evidence in this process. To test out this
factor of accuracy in indirect inlay model construction several
generations of models were made as seen in Figure 21.

The top row of copper surfaced models shown represents:

(a) the son of the original three-quarter crown preparation,

(b) the grand-son,

(c) the great-grand-son.

In other words (a) is from an impression of the original cavity
preparation in the mouth: (b) is from an impression taken from
(a) and (c) is from an impression taken from (b). A gold inlay
cast for one of a, b, or c—fits all three accurately. The lower row
of copper surfaced models in Figure 21 were produced in the same
way as the top row of models, but for a proximo-occlusal prepa-
ration. Again an inlay cast for one, fits all three accurately.
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Further elaboration on the cost factor may be in order. The
initial cost of the equipment amounts to perhaps a little over ten
dollars (war time prices). The cost of the electrolyte—when con-
sidering that 700 c.c. will last a year, is a very small item. The
copper used for the anode is also a small item—the 2" X 1"/ X 14"
anode cost approximately 5c., and will be sufficient for 80-90 models
and with the new type of steel basket anode it can be used over and
over again. The low fusing alloy to back up the copper shell can
also be used over and over again.

The cost of the current at domestic rates will be 1 cent for
1 ampere for 10 hours. If 50 milliamperes are used for each im-

a b c
FiGure 21

pression, we could run the apparatus at this current density for
200 hours for 1 cent. Thus we would run 12-13 models through for
15-16 hours each for 1 cent, or about 1/12th cent per model.

Finally, it is perhaps not too far from the truth to say that each
model made in this way represents a saving over silver amalgam of
very nearly 25c. a model, when we consider the average for jacket
crown models, inlays, etc. In the past 15 months, the records for
the Infirmary, Faculty of Dentistry, show that over 600 models
have been electroformed for students. If each one averages a
saving of 25c. a model, the total savings represented here is ap-
proximately $150.00. What is perhaps more important, it repre-
sents a large saving in mercury, an important war commodity.
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Nort IN METtaLLic Banp

Toe SMALL CATHODE

There are occasions in the dental field when the impression
taken in wax or similar material, is not contained in a metallic
band as heretofore described. An impression of a gingival cavity
for instance, may be taken in the concave side of the rounded end
of a pen-nib. See Figure 22.

As a substitute for the pen-nib, a concave piece of metal may
be used. In either case the resultant impression is not altogether
suitable for mounting in the holder described and illustrated
previously. A simplified method of bringing the metallized surface
of this type of impression into the circuit is shown in Figure 23.

)

le

c x b

Pt

FiGure 22
a—DPen-nib. b—cavity impression. c¢c—
compound. x—point of contact of carrier
wire with impression.

The impression is shown at (a), and a 6’" piece of 24 G. copper
wire at (¢). The wire is threaded through the slit in the nib from
the convex side of it, and the end of the wire is made to contact
the impression material about 3 millimetres from the cavity im-
pression (b). The free end of the wire is wound around the point
of the nib two or three times and held with sticky wax at suitable
points to prevent it from changing position. The impression is
then metallized by whatever method is chosen (c) and with wax
(d) the non-essential metallic surfaces exposed are insulated. We
see the mounted, metallized and completed impression at (f).

The prepared impression is now attached to the cathode ter-
minal and the deposit made. See Figure 24.
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a b c d e
Ficure 23

Ficure 24
Two impressions on which the deposition
has been made.
a—Impression outline in copper deposit. x—
outline of wire contact in copper deposit.
b—wire carrier. c—wax covering metallic
surfaces.
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All factors discussed previously under the heading relating to
the operation of the electrodeposition process for copper, must be
observed.

After copper (or the required metal) has been deposited, the
shell formed is backed up or supported by low-fusing alloy, soft
solder, or artificial stone. A box might be made with plasticene to
limit the amount of the supporting material to be used.

In Figure 25 we see two finished models, one of which is backed
up with stone, (a), and the other, (b), with low-fusing alloy.

a b
FIGURE 25

Two completed gingival impression models,
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CHAPTER 5

APPLICATION OF THE ELECTRODEPOSITION PROCESS
TO THE TECHNIQUE OF CONSTRUCTING AN
APPLIANCE TO RAISE THE BITE

bite may be raised or opened artificially by means of fixed

restorations (crown, bridges, onlays) or removable restorations.
Whichever method is chosen, one of the essentials to the success of
the completed case is that in all functional movements there should
be no cusp interference. To obtain such a condition, it has been
the experience of the writer on several occasions, to have to spend
a great deal of time making final adjustments to the occlusal
surfaces of the artificial restorations in order that complete free-
dom may be established in all functional positions. There is no
articulator made which can be adjusted so that it will reproduce
exactly all the jaw movements of any one case. The mouth is the
best articulator there is and the suggestlon made below is based
on that principle.

In the case described it is assumed that some form of removable
restoration is to be made for the lower arch. Any discussion of
the type of restoration to be used, does not concern us in this thesis.
What does concern us is the establishment, and recording of, all
the paths of movement of the occlusal surfaces of the teeth of one
arch when in function with the other. By so recording this oc-
clusal pattern and reproducing it accurately in our finished resto-
ration, we should have a restoration, the occlusal surface of which
will allow complete freedom of function in all directions, and hence
save a great deal of tedious adjustment which is so often necessary.

Briefly, the procedure is as follows. An impression is taken
and a cast made of the arch with which we are concerned. The
opposing arch is not included.

On this cast a baseplate is adapted to the lingual side and a
pad of compound adapted over the occlusal area. The thickness
of the compound should equal approximately the extent to which
the bite is to be raised. The lingual flange should be reinforced
with wire. A thin coating of wax is now added to the surface of
the occlusal compound pads. On this bite block is to be recorded
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FIGURE 26

the movements of the jaw in all directions during function. It is
placed in the mouth for this purpose and the patient is instructed
to grind or chew on the wax-compound pads. The pattern of the
paths of free jaw movements will be established on the surface of
the compound and in the wax. In other words the case is quickly
ground in, in the wax stage—by the patient.

FI1GURE 27
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If the finished restoration can be made to conform to such a
pattern, it too will be ground in, before being processed.

In Figure 26 we see the bite block in place on the cast. On it
are recorded not only the centric bite, but also all positions of the
functional bite. The surface has been graphited, and will then be
metallized chemically with some dilute copper electrolyte and iron

FiGure 28

filings. Copper is then deposited on the metallized surface, as
shown in Figure 27.

The loop seen is for the connection of the piece to the cathode
terminal. Before separating the wax bite block and the copper
deposition, the block is returned to the cast and sealed on it. The
lower cast is attached now to the corresponding bow of the articu-
lator (a plane line articulator would do for this purpose) and the
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upper bow is attached to the exposed copper surface—after the
attachment loop has been removed. The incisal pin is fixed, When
the material used for luting the case to the articulator is set, the
articulator may be opened by separating the copper deposit from
the wax bite recordings.

The copper surface on the upper bow of the articulator is now
cleaned. This copper surface represents an accurate reproduction
of the recordings made of the bite in all functional positions. It
will now be seen that the occlusal surfaces of the lower bite-raising

F1Gure 29

appliance (of whatever type is to be made), will not be articulated
to a cast made from the impression of the opposing natural upper
teeth, but to the copper record of the paths established by them,
in function.

On the lower cast, seen in Figure 28, we can now construct the
framework for the restoration to be made.

Following completion of this framework, the occlusal portion
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of the restoration is added. The amount the bite is to be raised in
this case is represented by the space seen in Figure 29.

The only carving which will be necessary on the occlusal
portion of the appliance will be to form the buccal and lingual
limits of the occlusal surfaces.

The acrylic resins have a definite application in these cases and
when the method outlined above is followed the copper surface is
found to be excellent against which to process the acrylic resin.

After the acrylic resin has been processed there is practically
no finishing necessary on the occlusal surface, and furthermore, if
the various stages in this procedure have been followed with any
degree of accuracy, there will be few or no adjustments to be made
to establish freedom of cusp movement in functional occlusion.

PrE-ExTrACTION RECORDS: SpPECIAL CASE RECORDS:
ORTHODONTIA CASTS

Where we have special reasons ‘for wanting to preserve record
casts, such as orthodontia casts, pre-extraction casts, or cases of
unusual interest, a metal surfaced cast is ideal. Such a cast can
be obtained by either of the two methods described below. One
method is to deposit the metal into the original compound im-
pression, and then back it up with stone or plaster of paris: the
second method is to pour the cast in stone or plaster and deposit
a thin veneer of metal over it. We will confine our remarks to the
first method at the moment, and discuss the second method later.

The first method depends on an accurate impression of the arch
and teeth, taken in any of the commonly used impression materials,
except the hydrocolloids. At the time of writing, complete success
has not been attained in metallizing the hydrocolloid materials
(the basis of which is agar-agar) but the writer believes that a
method can be devised whereby they can be treated and copper
deposited into them.

Figure 30 shows two carefully taken compound impressions of
the mouth of a:boy whose permanent teeth were very late in their
eruption. Accurate casts were required of the case for purposes of
comparison with future records.

The trays used in taking the impressions have been removed
carefully.

As a carrier for an impression of this size, three strands of 24 G.
copper wire, each about 7" long are prepared and one length of
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Ficure 30

14 G. wire approximately the same length. The three 24 G. wires
are soft-soldered to the 14 G. wire as seen in the accompanying
photograph. See Figure 31 (c).

The spider-like carrier is now ready for use. The impression is
centred over the carrier and the six flexible 24 G. free ends of copper
wire are brought around to six points at the periphery of the im-
pression and with the aid of sticky wax are held firmly in contact
with the periphery of the impression.

All the wires, with the exception of the free ends of the six
contact wires, should now be covered with wax or varnish to
insulate them.

/!

Ficure 31
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The impression surface is next metallized. The method shown
in the photographs is with the use of graphite, followed by chemical
deposition of copper on the graphited surface. The method of
application of these has been explained elsewhere. The only
difference now is that the metallizing process is on a much larger
scale than heretofore. See Figure 32.

Silver metallization, as described before, might also be used
instead of graphite and copper electrolyte with iron filings.

Management of the process for the deposition of copper into
such an impression differs only slightly from the process for a small
impression. The current density used will be determined by the

Ficure 32

area, and on the basis of approximately 100 milliamperes per square
inch. Thus for an upper impression, a current of about 500 m.a.,
i.e. 14 an ampere, will be necessary. The length of time required
for the deposition to be carried on will be about 12 hours.

The deposited impressions are then backed up with stone or
plaster of paris and the impression material separated from the
cast. The cast should be then trimmed and finished. Two pairs
of such casts are shown in the Figure 33.

It will be readily seen that there are two important features
which can be claimed for casts made in this way, over the average
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plaster or stone cast. They are, firstly, the feature of permanency
against rough usage, accidents, etc. and secondly, the ease with
which they are kept dust free. Dust on plaster and stone casts
quickly spoils the clean appearance of the cast and is hard to
remove. One disadvantage with copper is that it will tarnish
readily, over a period of time. A thin plate of nickel over the copper
will overcome this difficulty. Nickel takes a high polish and is not
readily tarnished.

Ficure 33

THE APPLICATION OF THE ELECTRODEPOSITION PROCESS TO THE
CONSTRUCTION OF SMALL ACRYLIC RESTORATIONS

It is generally agreed that acrylic resin, whether it be for
dentures or small restorations in natural teeth, is most ideally
processed against a non-porous metallic surface. In the case of the
small gingival inlay or the jacket crown, and all the intervening
possibilities in restorations of this type it is virtually impossible to
burnish tin foil, either to the wax pattern or the mould in the flask.
It is a relatively simple and inexpensive procedure however to
deposit a thin layer of copper on the wax pattern which when the
coated wax pattern is invested and the wax is boiled out will leave
a clean, hard, bubble-free metallic surfaced mould in which the
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acrylic resin may be processed. The results obtained by the author
during the past year with this procedure, have been extremely
encouraging.

It is not the intention of the writer to discuss the pro’s and con’s
of acrylic as a suitable material for operative restorations; suffice
it to say, that this material at the moment does seem to lend itself
to use for gingival inlays and semi-permanent crowns for protecting
fractured anterior teeth in the young patient.

From these two standpoints the technique of processing acrylic
resin will be discussed.

THE JACKET CROWN AND SEMI-PERMANENT ACrRYLIC CROWN

After the preparation for the jacket crown or shoulder less
acrylic cap has been completed a suitable celluloid crown form is
chosen and contoured to fit accurately at the gingival margin.
(See Fig. 34.)

Ficure 34

Perforate the celluloid form at both the mesiolingual-—and
disto-lingual angles, approximately 2 mm. from the incisal edge.
Fill the crown form with ivory shade inlay wax and soften uniformly
in water at 140° F. Carry the crown form to place and seat it over
the prepared tooth, allowing the excess wax to escape through the
holes provided on the lingual surface. If further adjustment is
considered to be necessary remove the crown form and reheat the
partially seated form and wax impression and replace on the
prepared tooth. If the contour of the crown form does not fulfil the
requirements aesthetically, add wax to the outside of the celluloid
form and thus contour the crown form as desired. (N.B. Add a
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FiGUre 35

thin film of wax to the lingual surface of the form to aid in boiling
out later.)

Figure 35 shows the contoured form in place on the tooth. The
wax inside the form gives an accurate impression of the tooth.
Thus, at one sitting, the preparation is made, the impression is
taken, the shape of the finished crown is determined, and the
shade is recorded. Establishment of the shape of the finished
crown by the means just outlined renders further steps for this
purpose unnecessary, thus eliminating a try in, or taking regis-
trations for mounting a die on an articulator as required in the
indirect technique.

The crown pattern prepared thus far is removed to the labora-
tory. A small piece of ivory wax (about the size of a pin head) is
fused on to the lingual surface and to this is attached one end of a
4" length of 24 G. copper wire. (See Fig. 36 B.)

Ficure 36
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THE GINGIVAL INLAY

The gingival inlay pattern seen in Figure 36 A. was made by
the direct method in the cavity and removed from the mouth on a
similar piece of wire to that used for the crown.

METALLIZATION

Both the inlay and crown patterns so mounted, on copper wires,
are ready for metallization. The technique used in the metallization
of wax or compound, using graphite, has been described elsewhere.
However, graphite in this case will leave a blackened surface on
the deposited copper and the shade of acrylic which is processed
against such a surface, cannot be controlled. To replace graphite
metallization we turn to metallization by means of silver. This
process depends on the familiar experiment of the reduction of a
silver salt, with the resultant silver mirror formation.

The wax inlay pattern and jacket crown pattern as seen in
Figure 36 are first washed in a solution of Stannous Chloride, the
formula of which is:

Stannous Chloride—1 gram
Hydrochloric acid (Conc.)—1.5 c.c.
Distilled Water—100. c.c.

Mix.

This solution is easily made up, and may be stored for a reason-
able length of time without deterioration. It is kept in a wide-
mouth bottle so that the inlay pattern or jacket crown pattern may
be immersed in the solution in the bottle for one to two minutes,
following which they should be washed off in room-temperature
water. Thé mounted impressions are then lowered into a small
receptacle, such as a baseplate wax box (114" X 1”7 X 34"), a
dappen glass for a small inlay, or better still an empty 1 oz. porce-
lain powder jar. Do not let them touch the sides of the receptacle.

Over the impression or impressions so arranged pour first the
following silver solution and then the accompanying reducing
solution, leaving the impressions completely immersed in the mix-
ture for 4 or 5 minutes—agitating them at frequent intervals
during that time. The result of this procedure will be the formation
of a silver film over the entire surface area of the wax, celluloid
form and everything in contact with the mixture, including the
receptacle.
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The two solutions must be freshly made just prior to using
them because of their unstable nature.
The formula for each is as follows:

SILVER SOLUTION

Silver Nitrate Crystals—420 milligrams
Distilled Water—9 c.c.

REpUCING SOoLUTION
Pyrogallol Crystals—100 milligrams
Citric Acid Crystals—21 milligrams
Distilled Water—3 c.c.
For the sake of convenience these formulae have been transposed
into more convenient terms, and are used as follows:

SILVER SOLUTION

Silver Nitrate (fine crystals)—1 large end of Caulk silicate
measuring spoon.
Distilled Water—9 c.c.

REDUCING SoLuTIiON

Pyrogallol (fine crystals)—1 large end of Caulk measuring
spoon.

Citric Acid (fine crystals)—Y4 small end of Caulk silicat
measuring spoon.

Distilled Water—3 c.c.

As all of these substances dissolve rapidly in cold water, it takes
but a minute to make these solutions each time they are required.
The cost of this method of metallization may be questioned but is
actually less than 2 cents per piece.

Figure 37 shows the small inlay pattern and the jacket crown
pattern after silver metallization. If these pieces were now at-
tached to the cathode terminal of the electrodeposition apparatus,
copper would be deposited over the entire surface of both, thus
completely encasing them in a copper matrix, making it impossible
to remove the wax and celluloid form in the case of the crown, and
also making it impossible to pack the plastic acrylic into the matrix
to form the acrylic inlay or crown.

It is desirable therefore to make provision for having the labial
face of the crown not covered by the copper deposition, and in the
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Ficure 37

case of the inlay to have the buccal or labial surface of it left
exposed. Sandarac varnish is therefore painted on the labial face
of the metallized crown pattern and on the surface of the metallized
inlay matrix, with a fine camel’s hair brush. (N.B. After the wax
pattern is metallized it must not be allowed to dry off at any stage
or else the silver film will crack and chip off). Therefore do not
attempt to dry the surface onto which the varnish is to be painted
or to dry it after it has been applied. Such steps are unnecessary
and dangerous.

The metallized, varnished patterns are now ready to be im-
mersed in the copper electrolyte for the purpose of checking the
area varnished and the efficiency of the metallization process.
Figure 38 shows the line of demarcation between the varnished
area (A) and that which is not varnished (B). Copper will be
deposited on the unvarnished area. Attach the prepared pattern
or patterns to the cathode, and insert into the electrolyte.

FiGure 38
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THE ELECTRO-DEPOSIT

The amount of current required depends on the area to be
covered as explained previously. The time required should be
limited to a 3-4 hour deposit. A heavy deposit will add to the
difficulties in removing it from the processed acrylic resin.

The area of the pattern covered by copper, when the copper
deposition is complete, is the same as that outlined in Figure 38.
The labial face will be left uncovered.

The crown pattern is now invested in a triple section flask as
shown in Figure 39. The wax is boiled out and the celluloid crown
form is lifted out with pliers. This will be easy to accomplish if
the lingual surface was coated with a thin film of wax as suggested
earlier. The full top of the flask is shown at B, the relief section
at C, and the copper matrix in the lower half at A. Note

FiGURE 39

the metallic model and metallic lingual and proximal surfaces
against which the acrylic can be processed safely.

When the plastic acrylic is packed and the flask is ready to
close for processing, apply tin foil to protect the labial face.

The inlay pattern is treated similarly to the crown, except that
in the case of the simple gingival inlay, the relief section of the flask
is not used.

When the acrylic is processed and the inlay or crown are re-
moved from the flask but still encased in copper, the copper is
casily and quickly removed by placing it in a bath of concentrated
nitric acid for a few seconds only; a 3 to 4-hour deposit of copper
will be removed in a few seconds. Prolonged exposure to the acid
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might result in disintegration of fine margins. The copper may
also be removed by peeling it off, as platinum is removed from
porcelain.

Experiments are proceeding which indicate from early results,
that the shade of acrylic resin will be more uniform when processed
against a metallic surface, than when processed against a treated
stone or plaster surface. These same experiments also support the
view that greater accuracy is obtained when a metallic matrix is
used.

Figure 40 shows a completed acrylic cap on the upper left
central, made by the method described herein.

Ficure 40

FURTHER APPLICATION OF THE ACCURACY OF THE
ELECTROFORMING PRrROCESS To GoLp INLAY TECHNIC

For some years the writer has felt convinced that inlays might
be formed, or at least the internal shell of the inlay be laid down
by the electroforming process. During the course of much experi-
mentation and research the internal shell of an inlay was laid down
in an electroformed model or die, and into it gold was cast. In this
way the part of the inlay in direct contact with the cavity prepa-
ration outline was accurately adapted to the reproduction of the
cavity by electrolytic deposition. The remainder or bulk of the
inlay was cast in the regular way. Distortion or interference with
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that portion of the inlay which had already been deposited was
considered to be unlikely.

However, the process was exacting and tedious and considered
impracticable for general application.

As an alternative to the ideas of first forming a skeleton or
shell of the inlay and casting the remainder, the principle of casting
directly into an investment model was adapted to the electroforming
process. Instead of an investment model, an electroformed model
was used and the gold was cast, directly into the metallic-surfaced
model.

The metal surface of the model and the gold were then separated
very simply and quickly by chemical means.

FiGcure 41

The metal to be used in the model formation was either nickel
or silver: copper has too low a fusing point to make it safe for
casting gold against it. The result in using copper is merely to
cause destruction of the model when the molten gold hits it in the
casting process.

The results obtained in the formation of inlays by this method
have been very gratifying. In order that we might compare the
results of the regular methods of inlay construction with the results
of the method suggested above, experiments were conducted as
recorded herein. In the surface of a specially constructed steel
block there was a simple cavity form, the dimensions of which,
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recorded by micrometer measurement, were .1638" long X .0820"”
wide X .0460"" deep. See Figure 41.

Inlays of 22 K. gold were made for this cavity by various
commonly-used methods and compared with the one suggested.
Conditions common to all, such as to type of investment used,
consistency of the mix of the investment, heat treatment of the
investment, the casting procedure, etc., were maintained as nearly
equal as possible.

The table below shows the results of this work. The second
column records the technic used; i.e. whether it be direct, semi-
direct or indirect. The third column sets forth the impression
material used in the formation of a model The next column out-
lines the model material used. The fifth column is the record of

FIGURE 42

the average measurements of the length only, of three castings in
22 K. gold or as otherwise indicated. It may be added also that
the measurement obtained for each of the three individual castings
in each test was obtained by averaging four measurements recorded
for that particular casting. See Figure 42. The last column
records the approximate percentage of error.

INTERPRETATION OF RESULTS

From the results shown in the table it will be seen that the
most accurate castings were those made by casting directly into
the nickel or silver model. The percentage of error with these was
from 1/3 to 14 of 1 per cent. The least accurate of the castings
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Indirect or Semi-indirect

Average length

Test Technic measurement of at least Percentage
No. Method Impression Die or Model 3 castings in 22 K gold of error Remarks
Material used Material (.1638"" is die length)
A Semi-indirect. | Hard blue wax. | Nickel model backed 16327 Approximately | Cast into nickel
with investment. 1/3 of 19, model.
Al Semi-indirect. | Hard blue wax. | Silver model. .1629'7 Approximately | Cast into silver
14 0f 19, model.
B Direct. 16227 1%
C Indirect. Hard blue wax. | Copper model. 16187 1.29,
D Indirect. Hard blue wax. | Copper model. 1618 1.29, Acrylic Inlay.
E Semi-indirect. | Hard blue wax. | Investment model. 16177 1.29%
F Indirect. Hard blue wax. | Amalgam model. 16127 1.5%
G Indirect. Hard blue wax. | Copper die. .1603"" 2% Porcelain Inlay.

Platinum matrix.




were those made from a silver amalgam model, the percentage of
error being 1.5 per cent.

With the castings made using the direct method, i.e. no model,
the error was 1 per cent, and with an electroformed copper model
it was 1.2 per cent. With the investment model technique, where
the casting is made directly into the model, the error was approxi-
mately the same as that for the copper model.

It is recognised, of course, that the form used in these tests,
namely, that which represents the gingival inlay cavity, was not a
compound type. The results of similar experiments done with a
compound type cavity might not be the same as those recorded
for the simple type cavity. It is reasonable to assume, however,
that similar results might be expected.

Arising out of these tests conducted there were other interesting
observations made, which are not relevant to a thesis with the
above title. They are observations of interest when considering
the whole field of gold inlay technique, and must be recorded
elsewhere.

The final application of the factor of accuracy of the electro-
forming process to inlay technique was to be made to the field of
porcelain inlays. As will be seen from the table shown above, the
porcelain inlay made by the platinum matrix method was ac-
companied by a 2 per cent error. The writer firmly believes that
it is possible to form a metallic model into which porcelain might
be fused without the use of a platinum matrix.

The writer has already accomplished this but is not in a position
to be certain that the technic developed has been carried far
enough to record it herein.

If such a development can be accomplished successfully, then
we might expect the same degree of accuracy in the construction
of a porcelain inlay as was achieved with the gold inlay, when the
gold was cast directly into the model.

NICKEL AS A SUBSTITUTE FOR COPPER

The reasons why nickel might be chosen as a substitute for
copper in the procedures already described up to this point in this
thesis are suggested below.

Firstly, the electrolyte used for nickel is alkaline, unlike that
for copper which is strongly acid, and therefore the nickel electro-
lyte is safer to handle. Secondly, an inlay model made of nickel
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offers a greater color contrast with gold than copper does. This
might be important in the study of the adaptation of the cast inlay
on the model. Thirdly, nickel is harder than copper and must on
that account be considered a better model-forming material.

Unfortunately, however, the advantages which have been stated
are heavily outweighed by the disadvantages in operating nickel
electrolytes for galvanoplasty. For plating purposes it is different,
but for depositions on wax, compound, or any other material, there
are great difficulties. The results are variable. It is always un-
certain just how the electrolyte is going to behave. Blum & Hoga-
boom write concerning nickel, “One of the most exasperating
experiences in nickel deposition is that baths prepared even on a
large scale from the same or similar materials will yield different
results, especially with thick deposits; or perhaps after a few weeks’
operation will suddenly improve or deteriorate with no known or
measurable change in their composition.’'1s

It is known that unless the p.H. value of the electrolyte is kept
within definite limits, the deposition is interfered with,

The apparatus and equipment which will be used in the process
of depositing nickel will be the same as that described for use with
copper. If the reservoir is used to compensate for the evaporation
of water from the electrolyte, distilled water will be required
instead of tap water.

The electrolyte which will be used for nickel may be made from
one of several formulae. Those commonly used will contain nickel
sulphate as the source of nickel; sodium sulphate for purposes of
increasing the conductivity of the solution; nickel chloride or
ammonium chloride to increase the corrosion of the anode, and a
little boric acid to act as a buffer, and help maintain a relatively
constant p.H. Too much boric acid, however, will lower the p.H.

The formula used by the writer with some degree of success is
as follows. To make approximately 500 c.c. of electrolyte:

Nickel Sulphate...........32 grams
Sodium Sulphate..........16 grams
Nickel Chrloride. . ... .. .. 16 grams
Boric Acid. .. ......... ... 7 grams

Dissolve in order mentioned in 470 c.c. of distilled water.

The electrolyte should be kept clean by filtering from time to
time. Because of the limited use to which the nickel electrolyte is
assigned the writer has found it expedient to return it to a well-
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stoppered bottle after use and maintain the original volume, by
addition of distilled water.

The p.H. of the electrolyte must be watched constantly. A
simple method of testing the p.H. of the nickel solution is with
Squibbs Nitrazene paper. The degree of accuracy attained with
these papers was checked recently by the writer, the results of
which appear in the table below.

Nitrazene Paper

Nickel Solution Reading Beckman p.H. Meter
No.1......... 5.2 5.16
No.2......... 5.0 5.20
No.3......... 3.0 2.49
No.4......... 6.5 6.17
No. 5.. Too low for chart 2.04
No. 6. .. 5.5 5.91
No.7......... 5.0 5.67

* No. 8.. 5.0 5.71

In the first column the solution number is seen.

In the second column the figures represent the p.H. values
assigned when using the Nitrazene paper and in column three the
accurate p.H. reading as obtained with the aid of the Beckman
p.H. meter. A comparison of the figures in columns 2 and 3 reveal
the fact that the Nitrazene paper tests are fairly good, and might
be safely used as a guide as to the state of the solution.

The best anode to use is somewhat of a problem. A pure nickel
anode has a tendency toward ‘‘passivity’’ and on that account it
does not corrode or dissolve readily. Cast nickel contains some
impurities which may be detrimental, but such an anode is found
to dissolve fairly readily and is used on that account.

When considering the care required in operating the nickel
electrolyte bath for electrodeposition in the dental field the most
important factor is that of maintenance of the p.H. of the electro-
lyte. The optimum value for the p.H. for the electrolyte for high
efficiency is 5.8-6.0. The tendency will be for the p.H. value to
fall, i.e. for the electrolyte to become more acid. Seldom does the
change occur in the direction of the alkaline side, resulting thus in
a higher p.H. value. If it did it is a simple matter to add sufficient
sulphuric acid to restore the electrolyte back to the desirable p.H.
value.

However, the change most likely will result in the p.H. dropping
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to a point as low as 4.0 or even further than that on the acid side.
To correct this condition nickel carbonate should be added to the
electrolyte. When this is done the solution should be allowed to
stand to give the undissolved nickel carbonate a chance to settle
out. The clear solution is poured off—or it may be filtered off.
Even with filtering some of the suspended nickel carbonate will
pass through the filter paper.

The exact amount of nickel carbonate required for a measured
quantity of the electrolyte will depend somewhat on how low the
p.H. is and what quantity of solution is being treated.

A few figures of tests made appear below but further tests in
this direction are required if nickel is to be used to any extent.

Nickel
Solution Quantity of Original Carbonate New p.H.
No. Solution p.H. added
No.1......... 400 c.c. 5.67 7 grams 6.48
No. 2 .enaass 400 c.c. 5.16 14 grams 5.72

The impressions on which the nickel is to be deposited are
metallized in the manner described previously for copper. The
current density to be used for each separate piece will be determined
by the area to be covered. The basic current density for nickel
might be considered to be about 8-12 amperes per square foot, or
a little less than that for copper. Too high a current density results
in excessive bubbling at the cathode. The milliampere readings
for the apparatus described previously, using the nickel electrolyte,
appear in the table below.

The length of time required for the deposition of nickel upon or
into an impression for model purposes will probably be about the
same as that advised for copper. Copper was said to be deposited
at the rate of 1.186 grams per amper-hour. Nickel, on the other
hand, is deposited at the rate of 1.095, which is about the same as
for copper. What little is lost in weight and consequently in
probable thickness with nickel is made up for in strength because
of the increased hardness of nickel over copper.

However, even when nickel is being deposited seemingly satis-
factorily, one of several complications may develop.
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TABLE SHOWING THE MILLIAMPERE READINGS FOR THE SECONDARY
VOLTAGES INDICATED WITH VARYING RESISTANCE BULBS

Volts 40 Watt 60 Watt 100 Watt 200 Watt

Bulb Bulb Bulb Bulb
37 28 70 103 150
48 42 90 135 200
5.0 37 92 136 210
5.8 43 105 156 250
66 50 115 175 290
74 55 125 162 310
8.2 60 135 200 330
9.0 64 142 215 360
08 69 150 225 380
106 72 155 235 400
11.4 78 160 240 420
12.2 T8 165 248 430

130 86 168 252 w0
13.5 90 172 255 450
13.8 90 172 260 460
143 92 175 280 470
15.1 96 179 290 490
15.9 100 182 ' 300 495
67 103 185 300 500
17.5 108 189 310 510

N.B. The above milliampere readings were obtained with the Westinghouse
rectifier in the circuit and compare closely with those for the copper electrolyte
shown on Page 45.



Peeling of the nickel dué to internal strain may develop. The
commonest causes for this may be too high a current density, or
because the p.H. of the electrolyte is too low. S

Pitting is also a factor which has to be contended with. It is
thought to result from many possible causes. Among these are too
low a p.H., too high or too low a current density, evolution of too
much hydrogen, which accompanies too high a current density, and
fine particles of dust in suspension in the solution.

Treeing is also probable in a nickel vat which appears to be
working quite efficiently. Such a condition may be due to too cold
a solution or a solution whose conductivity is poor! There are a
few other minor difficulties.
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CHAPTER 6
ELECTROFORMING FOR ORAL ADAPTATION

EFORE considering the application of the electrodeposition

process to the construction of restorations that will be placed

in the mouth, we should consider briefly the question of the toler-

ance of the oral tissues to metals. FElectrogalvanic phenomena of

the oral cavity caused by dissimilar metallic restorations is the

problem which confronts us. Since 1930 a great deal has been
written on the subject, much of which is conflicting.

It is admitted by most authors that the human saliva, whether
it be acid, alkaline or neutral, constitutes a good electrolyte and
that if restorations present in the mouth are constructed of dis-
similar metals electropotentially, all the elements are present for
the formation of a galvanic battery. The degree to which metals
are considered dissimilar electropotentially is dependent on their
relative positions in the Standard Electromotive Series of metals
table, e.g. zinc and gold in the saliva are favorable to the formation
of a galvanic battery.

Lain and Coughran,”® have conducted numerous experiments
relating to this problem and they make this statement: ‘‘Consider-
ing that every oral cavity containing dissimilar metallic resto-
rations is a constant potential chronic irritant, the percentage or
number of persons who seek the aid of a dentist, or physician, is
surprisingly small”.

While these authors in their early reports assume that a galvanic
current is set up in the mouth, between dissimilar metals, after
experiments conducted more recently they state: “Reports of
recent investigations indicate that the evidence of the existence of
electric currents between dissimilar metals in the mouth is not
entirely conclusive. Electrical experiments showing that currents
do or do not exist have apparently not been reported.”?

Further studies by Reed and Willman, who grouped the possible
combinations of dissimilar metals into those which never come into
contact, those which are always in contact, and those which are
brought into contact through mastication, conclude that ‘‘dis-
similar métals which are not in direct contact cannot give rise to
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galvanic currents’.!® Furthermore, they suggest that where dis-
similar metals are in contact, the galvanic current set up is less
than one microampere, which previously has been thought too
small to be harmful to the oral tissues.

Reinhard Solomon and Galtz believe that there is no electric
current flowing normally and after considerable experimentation
say: ‘““The diminution of current flow is due in part to polarisation
and in part to deposition of an insulatory film"’.}?

One of the latest expressions on this controversial problem is
that found in an editorial appearing in the New York Journal of
Dentistry.2 Here we find this statement on the subject of Gal-
vanism. ‘It is well known that authoritative sources in the field
of electrochemistry have questioned the reliability of the tests and
measuring devices that have been heretofore employed in this
work.”

The whole subject therefore seems to be in a state of experi-
mentation and some diversity of opinion as to the true situation
exists.

What is known definitely is that “positive cases of electro-
galvanism will begin to improve at once after removal of prosthesis
of either the positive or negative group.'*

With the little information that is definite we should perhaps
follow these general principles, and avoid using dissimilar metals
in any one mouth.

THE NICKEL DENTURE BASE

It is considered highly probable that metal electrolytically
deposited would be well tolerated by the tissues providing no
other metal is present in the mouth. Nickel, because of its strength,
could be made extremely thin, and therefore very light, and serve
as an ideal denture base, in those mouths where vulcanite or the
denture base materials are not well tolerated. As such, it was
tried by the writer and others (McBain)* a few years ago with
some degree of success.

For example the patient in the case of the denture shown in
Figure 43 had been wearing a fairly comfortable vulcanite denture,
but the tissue had become inflamed beneath it.

One of the newer denture base materials was tried but a similar
experience occurred. A nickel denture base was made on a com-
pound impression taken from the latter denture.
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The nickel base, on which the teeth are attached with vulcanite
is shown in Figure 48 after it had been worn for three months. At
the end of three weeks from the date of the initial insertion of the
denture the inflamed condition of the tissue had disappeared,
suggesting that the nickel was well tolerated by the tissues and a
real benefit to them. Whether it was a coincidence or not that
such a result was obtained cannot be stated, but it was very striking.

Today a nickel denture base could be constructed by the follow-
ing procedure. An impression of the edentulous mouth to be fitted
would be poured in stone or plaster of paris. After separation of
the impression material from the cast thus formed, the cast is
painted with a wax-chloroform solution: and the chloroform is
allowed to dry off. The wax film left behind is extremely thin, and

FIGURE 43

seals the many minute air spaces on the surface of the cast. It is
therefore impervious to moisture. The cast is now wired and
metallized with silver as described previously. Better results are
obtained if the silver metallization process is repeated a second
time. The wired metallized cast is then placed in the copper
electrolyte for 5 to 10 minutes at approximately 460 milliamps.
By so doing, the metallization process is made very definite and a
quick strike with nickel will result when the nickel deposition is
commenced. After removal from the copper electrolyte the cast
is washed off very carefully to remove the acid solution. Careless-
ness in this stage will result in loosening the metallization film from
the surface of the cast and some of it will float away.
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After the washing is complete the cast is attached to the
negative terminal (cathode) in the nickel electrolyte.

The anode should be a cast nickel piece approximately the
same size as the cathode and the same shape.

The current density is adjusted to approximately 75 milliamps
to commence the process. One hour at 75 milliamps is followed by
15 to 20 hours at 200 milliamps.

The nickel base will be rough enough on the surface to which
the vulcanite and teeth are to be attached to make it unnecessary
to make provision for retainers. It is suggested that a thin film of
vulcanite or the denture base material be laid down over the entire
palatal surface. Note also in this figure the well-rounded periphery,
provided for in the nickel base. If adjustments were needed on
the periphery which resulted in perforation of the nickel at some
small area, the surface denuded of nickel could be quickly covered
by metallizing it; then isolating it and placing it back in the electro-
lyte for further deposition. Finally polish this region of periphery.

Nickel as a denture base material has a few disadvantages. It
is extremely difficult to make a base which is absolutely free from
minute perforations. Hence the suggestion that the material used
for attaching the teeth be extended over the entire palatal area.
Nickel is tarnished in some mouths to a slight extent.

Vulcanite and vulcanization do not affect it. Even when
extremely thin it is strong and very light.

During the course of the process of deposition it is well to
vibrate the cathode occasionally to shake off any hydrogen bubbles
which form and tend to adhere to the cathode. They may cause
pitting in the denture base, if they are left undisturbed. As with
any other electrolyte the level should be maintained in the tank by
adding distilled water when needed.

The nickel electrolyte must be kept filtered and free from
organic matter, which is detrimental to good deposits.

Finally it must be admitted that the application of nlckel to
the field of denture base construction is full of hazards and may
result in some disappointments.

THE SILVER DENTURE BASE

As a substitute for nickel, in the construction of the denture
base, silver has been recommended by several authors. The ad-
vantages claimed for silver are its germicidal properties, the fact
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that it is a good conductor of thermal changes, and that the electro-
deposition process with silver is comparatively easy to manage.

Silver, on the other hand, tarnishes readily in the presence of
sulphides. Therefore, in some mouths, it darkens quickly and
vulcanite cannot be adapted to it without plating the silver base
with gold, or rhodium, first. )

The electrolyte to be used for silver is a silver cyanide solution,
which is alkaline, but very poisonous. The composition of the
silver electrolyte used by the writer with good results is taken from
the writings of Tuckfield,?? and appears below.

Silver Nitrate. .. ...... . .. 12.31 grams
Potassium Cyanide...... .. 23.13 grams
Distilled Water........... 600.00 c.c.

““I'he silver nitrate is dissolved in 200 c.c. and the cyanide in
300 c.c. of distilled water. The cyanide solution is added slowly to
the silver solution which precipitates the silver as silver cyanide.
As the addition of the cyanide solution continues, the resolution of
the precipitate will take place to form the double cyanide. Finally,
the volume is made up to 600 c.c.”

Evaporation of the water from the solution must be watched,
as with all electrolytes, and restored as required from time to time.
This solution remains fairly stable, and can be used for a long
period of time.

The anode should be of pure silver. A rolled sheet 27 X2/’ X3’
is satisfactory. It is fairly pliable in this form and might be swaged
into the shape or form of an upper denture base.

The basic current density for silver is about half that required
for copper and nickel. Approximately 5-8 amperes per square foot
of area is accepted by most authors.

THE SILVER BASE—METHOD 1

Following the above brief discussion of the requirements for
silver deposition we have a basis from which to work. We will
proceed to discuss the construction of a silver denture base. Many
of the details will be the same as those outlined in the formation of
a nickel denture base. .

There are two possible methods of procedure. The first method
to be described is dependent upon the formation of a copper cast
from the original impression. See Figure 44.
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The copper shell used in the formation of this cast should not
be thick; a 4- to 6-hour deposit will be enough. (With this limited
deposit, great care must be exercised in separating the impression
and cast.) The wires leading to the periphery of the impression,
and used in the deposition of the copper are left long. They are
wound together and brought out through the base of the cast.

The wire extension with clip attached will be used later to
attach the cast to the cathode terminal. It is already in contact
with the copper surfaced cast. The plaster of paris base is then
covered with wax to protect it while in the silver electrolyte.

It will be noticed in this photograph that only the copper
surface of the cast is left exposed. On this copper surface the
silver denture base is to be deposited. An attempt might be made

FIGURE 44

by chemical means to coat the copper surface of the cast with
silver iodide or silver sulphide which would act as a separating
medium. The purpose of this separating medium would be to
render separation of the silver denture base from the copper cast
possible. On the other hand the writer suggests that if there are
any undercuts on the cast, separation of the base from its cast
would be difficult, if not impossible. Therefore, no separating
medium is used and the silver base is deposited on the unprotected
copper cast. To effect a satisfactory deposition the cast is at-
tached to the cathode, the anode is placed in the electrolyte and
attached to the anode terminal, and the current is turned on at
approximately 150 milliamps. After 24 hours the deposit should
be thick enough for a satisfactory base.
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It will be noticed that the surface of the deposited silver is
rough. The palatal section can be made smooth and polished
later; the section over the ridge will be left—the roughness serving
well for retention of the material to be used for attachment of the
teeth. After removal of the plaster used to form the base of the cast,
the copper shell and silver denture base are found joined together.

The copper is readily removed electrolytically by now attaching
the piece to the positive terminal, thus making the copper portion
of the silver-copper piece, the anode. A block of copper is attached
to the cathode and the copper electrolyte is used in the tank. When
the current is turned on, the copper portion will be removed and
transferred onto the block of copper. The silver denture base will
not be in any way defaced.

FIiGure 45

The silver base is now trimmed and polished. It will then be
rhodium or gold plated to render it bright and stainless, Without
the rhodium or gold protection it would tarnish readily and be
unsatisfactory.

In I'igure 45 we see the finished denture base at the left. One
half of it is gold plated and the other half rhodium plated. The
denture base seen at the right will be mentioned in the second
method of construction which follows.

METHOD 2

The second method to be described for the construction of a
silver denture base differs from the first in that a copper-surfaced
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cast is not required. A stone or plaster of paris cast is used. The
importance of this difference is seen at once; where the impression
material used was hydrocolloid or if for any other reason it is
impossible to form a copper deposit in the impression, the stone or
plaster cast formed will be satisfactory in this procedure.

The cast is rendered impervious to moisture, either by treat-
ment in hot stearin until all bubbling ceases or it is painted with a
wax-chloroform solution. After this preparation it is allowed to
dry. The wire carrier is now adjusted with the contact wires
brought to the periphery of the cast at several points and sealed.
The cast is then boxed in with wax to facilitate metallization of
the surface by means of the silver solutions as described elsewhere.
The process of metallization with the silver solutions should be
repeated once after the initial treatment, to insure complete cover-
age of the cast surface. Any minute area missed the first time
will be metallized by the repeated treatment.

The wax boxing may next be carefully removed, being sure not
to disturb or break the contact wires away from the periphery of
the cast.

The metallized cast is then attached to the cathode terminal of
the apparatus in the copper clectrolyte for 5-10 minutes at 300
milliamps to make the metallization process more positive. After
removing it from the copper solution and carefully washing off
every trace of acid, it is attached again to the cathode terminal in
the silver electrolyte. The anode should be placed so that it is as
nearly equidistant from cvery part of the cathode as possible. The
current is turned on and adjusted to approximately 150 milliamps.

At the end of 15 hours the first stage of the deposition is com-
plete. The cast on which the silver is deposited is removed from
the electrolyte and washed in a bath of distilled water, which will
take up the solution ‘‘drag out”. This water will be used for
replenishment of the water lost by evaporation, as needed. The
silver base is dried.

Provision is now to be made for a finishing shoulder for the
material to be used for the attachment of the teeth, and also for
the retention of the material to the base.

The finishing shoulder and retention undercuts are established
by placing wax rims around the crest of the alveolar ridge, slightly
to the buccal and the lingual side of the crest. See Figure 46 for a
cross section of silver base and wax rim attached.
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The buccal and lingual sides of the wax rims are painted with
graphite to metallize them as indicated by the letter M in the
diagram. After the graphite is dry these areas are treated with
copper electrolyte and iron filings as suggested elsewhere.

The final stage of making the silver deposit is now entered upon.
The cast is returned to the solution at the same current as before
(150 milliamps) for another 15 hours. After this final stage of
deposition is complete it is carefully washed again.

It is now trimmed, and polished. The completed denture base
made by this method is seen in Figure 45 at the right.

As stated previously the silver denture base must now be
rhodium or gold plated.

FIGURE 46

(a) Silver base.

(b) Cast.

(¢) Wax rims.

(m) The buccal and lingual surfaces of wax rims which are metallized with
graphite,

CONSTRUCTION OF A HoLLOW OBTURATOR

A hollow metallic obturator for a cleft palate can be constructed
by means of electrodeposition. The advantages which might
justifiably be claimed for such a restoration over the usual vulcanite
or newer denture base material obturators, are numerous. The
metallic obturator is strong, amazingly light, easy to keep very
clean, and very accurately adapted. A further advantage which is
important is that the original stone cast poured from the impression
of the cleft, is not lost, but may be used again to construct a second
or third obturator. With either the vulcanite or newer base
material obturators, the cast is lost after vulcanisation or processing
the new materials. Case? went to a great deal of trouble years
ago to preserve the original cast. He made a special and somewhat
laboriously fabricated split metal mould contained in a special flask
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for the purpose, so that he could make several vulcanite obturators
from the one impression of the cleft. The procedure of the con-
struction of a hollow metal obturator is relatively simple.

From the impression of the cleft a stone or plaster of paris cast
is made. On the cast the obturator outline is designed in pencil.
See Figure 47.

The section of the surface of the stone cast included in the
outline and to a point three millimetres beyond the outline, is now
thoroughly impregnated with the wax-chloroform solution referred
to previously. A carrier is then adapted to the cast which will also
serve to bring the metallized surface of the cast into the electrical
circuit later on. This carrier can be made of a narrow strip of
36 G. copper sheet or a 14 G. copper wire—flattened at both ends

FIGURE 47

where it contacts the cast. Fix the carrier loop firmly at both ends
to the cast by means of sticky wax.

The surface of the cast to be contacted by the obturator is now
metallized by one of the methods described previously. We prefer
the use of graphite followed by the chemical deposition of copper
by means of iron filings and copper electrolyte. After the graphite
has been applied and dried off, the surface of the cast beyond the
limits of the obturator outline is covered over with varnish or wax
(preferably wax).

The metallizing process is now completed by treating the
graphited area with the iron filings and copper electrolyte. Nickel
is now deposited upon the cast. The current density to be used

100



FIGURE 48

FiGure 49
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must be determined by the area. The length of time required will
be approximately 15 hours.

The palatal and nasal surfaces of the obturator are now laid
down on the 30 G. sheet casting wax. The edges of this wax are
sealed carefully to keep the electrolyte out of the hollow space.
The wax surfaces are now metallized and nickel is deposited upon
them. Figure 48 shows the completion of this stage.

The centre of the obturator is now hollow and empty. The

Ficure 50

walls are metallic—extremely thin but strong. The obturator is
now removed from the cast by splitting the cast in the anterior
region—but with a clean fracture so that it can be reassembled and
used again if necessary. The edges of the obturator are trimmed,
excess being removed with a jewellers’ saw in which is mounted a
fine metal cutting blade. The obturator is polished. The weight
of the finished piece seen in Figure 49 is 2.400 grams. The weight
of a Canadian dime is 2.300 grams approximately.
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Where adjustments are necessary after the obturator has been
worn for a few days, and such adjustments result in perforation of
the obturator at some point, repair to the perforated areas is
effected simply and quickly. The opening is plugged with a small
piece of wax, which is made smooth, metallized and closed by
further deposition,

AN ARTIFICIAL NOSE

The electrodeposition process might be applied to the field of
maxillo-facial surgery, a field which is very much to the fore in

FiGure 51

wartime. Where an artificial nose is required—the basis for it
might well be laid down by the electrolytic process. Nickel would
seem to be the ideal metal to use, because of its lightness and
strength. The nickel might be rhodium plated at the final stage.

A description of the process of construction of such a resto-
ration is given below.

In Figure 50 we see a skull on which an artificial nose has been
built up in plasticene.
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An impression is taken of it in plaster of paris.

The deposition of nickel could be made successfully directly
into this impression. However, it seems to be better to form a
cast of stone from the impression. From this stone cast a sectional
impression in compound is made.

It is easier and more satisfactory to make a metallic deposition
on a wax or compound impression than on a plaster impression.
Therefore, where it is possible to use wax or compound, it is ad-
advisable. The compound impression is wired as the obturator
was and is ready for metallization. After metallization the nickel
deposit is made. Nickel wires suitably placed in the partially
completed nickel shell will reinforce the finished piece. The current
density required will be determined by the approximate area in-
volved. The length of time to complete a satisfactory deposit will
be 24 to 36 hours.

The impression material is now removed and the nickel shell is
trimmed to the required outline. Itis then silver plated or rhodium
plated or both, in the order mentioned.

The completed hollow metallic shell is seen in place on the skull
in Figure 51.

The final treatment of the nickel shell to obtain the desired
aesthetic effects, does not concern us in this treatise.
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CHAPTER 7
ELECTROPLATING

IN general industry the electroplating field is the important

aspect of electrodeposition. Therefore, in the texts on electro-
deposition, the subject of electroforming or galvanoplasty is given
a place of secondary importance.

In dentistry, electroplating is of lesser importance than the
galvanoplastic processes and is used to a very limited extent.

We might consider firstly, the application of electroplating to
technic procedures and secondly, to phases of the dental field which
are dependent on the tolerance of the tissues to the deposited metal.

No matter what the purpose may be, the metal is deposited on
a metallic surface in electroplating, and not on a wax or compound
surface, or any other type of non-conductive stirface.

Therefore, metallizing the surface is not required. The appa-
ratus described above under the electroforming procedures meets
the electroplating requirements and the general conditions of
operation and maintenance of the solutions will be the same.

The metals which will be useful for plating for dental purposes
are copper, nickel, silver, gold, rhodium.

One of the essentials to successful electroplating is cleanliness
of the metallic surface to be plated. Conditions which are present
on an unclean surface are the presence of oxides and grease.

Oxides may be removed by mechanical and chemical means;
grease may be removed by chemical solvents and electrolytic
means.

Mechanical methods of cleaning include polishing on the lathe
with the available abrasives on linen wheels, brushes and buffs.
Scratch brushing is also used.

The chemical methods of removal of oxides include “pickling”’
in acids. The chemical methods of removal of grease depend on
the use of organic solvents, such as benzene, carbon tetrachloride
and the like.

The electrolytic method of cleaning requires attachment of the
article to the cathode terminal of the apparatus. A bar of iron is
used as the anode. The electrolyte is an alkaline cleaning solution,
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such as Royalite No. 1, obtainable from Canadian Hanson and Van
Winkle Company. The solution is used hot. After a short period
in the cleaner (a few minutes), the article is rinsed in distilled water.
Before being allowed to dry it should be placed directly into the
plating solution without touching or being touched by anything,
in the meantime.

One or all of the above methods may be used to clean an article
in preparation for plating.

ELECTROPLATING—THE METALS APPLIED TO DENTISTRY

NickeL PLATING

Prior to the application of the nickel plate to copper or other
metals, the surface should be thoroughly polished, using carbo-
rundum stones and sandpaper disks on any rough areas, followed
by buffs and cotton wheels with pumice, and finally, whiting or
rouge. The highly polished surface will be maintained on the
nickel deposition.

After polishing the article to be plated, the surface must be
made thoroughly clean. Suggestions have been made previously
as to the methods available for cleaning.

The nickel electrolyte used for electroforming purposes is found
to be satisfactory for plating. Some authors suggest that a special
formula should be used for plating purposes, but in the writer’s
opinion adding to the variety and number of solutions which
should be available for dental purposes is not warranted. The
p.H. of the solution must be maintained by the means suggested
on page 87. Nitrazene paper will be used to test the p.H. of the
solution.

The current density required for plating purposes will be ap-
proximately 30-40 milliamperes per square inch of area to be plated.
The time required will vary with the thickness of plating considered
desirable. On a plaster teaching model, first covered with a 3- to
5-hour deposit of copper, a 3-hour deposit of nickel will be ample
to protect the model against rough usage. If the article to be
plated is not likely to be handled much, a one-hour deposit of
nickel should be sufficient.

The deposition of the nickel should be made without inter-
ruption; if it must be inspected during the course of deposition it
should not be out of the electrolyte for more than a few seconds.
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Oxidation occurs quickly if the article is exposed to the air, and
this interferes with further plating. Occasionally during the course
of the plating, the article should be vibrated to free it from gas
bubbles which will form on it. The article should also be rotated
once or twice so that the relative position of the anode and cathode
change, thereby preventing the plating being thicker on one side
of the article than on the other. A series of anodes placed around
the cathode would have a similar effect. A warm nickel solution
(about 90-100° F.) will result in a brighter deposit of nickel being
made.

Finally, when the plating is completed, the article should be
washed in hot water and dried quickly to prevent stains forming on
the surface of the nickel. The plated surface of the object may now
be polished.

SILVER PLATING

Plating with silver is a relatively simple and rapid procedure.
A thick plate of silver is not often required in the dental field. Its
use is limited usually to a flash coating of silver over a metallic-
surfaced model or article as a basis for, and to control, the color
prior to plating with gold or rhodium.

The electrolyte used is the same as that suggested for electro-
forming with silver. The current density required for a large
article such as a full denture cast would be 100-150 milliamperes;
for a small article such as a copper band for a single natural tooth,
approximately 30-40 milliamperes.

The time required for depositing a flash coating of silver prior
to the application of gold or rhodium would be about 15 minutes.
If a heavy plate of silver was required, then 2 hours might be
necessary.

Cleanliness of the surface on which the silver is to be plated is
absolutely essential.

During the process the electrolyte is quite efficient in the cold
state.

After the deposit is made the surface may be polished in the
ordinary manner.

GoLDp PLATING

During the course of the description of the procedure suggested
for making metallic-surfaced teaching models, the gold inlay out-
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line was gold plated to make the model more realistic. The uses
of gold plating will be mentioned again later.

Gold is not extremely difficult to handle for plating require-
ments. The electrolyte is a cyanide solution. Again we are faced
with making a choice from several well-recommended formulae:

e.g.: Gold Chloride. . .......... 1.67 grams
Potassium Cyanide........ .56 grams
Distilled Water........... 600.00 c.c.

The gold solution might well be purchased made up ready for use
from a reliable jewellers’ supply firm.

The current density required for gold plating will be 100 to
200 milliamperes for a large dental article or 30-50 milliamperes for
a small object. The time required for the deposition will be
5-15 minutes.

The operation of the gold plating process is relatively simple
and inexpensive. Absolute cleanliness of the article to be plated
is essential. The anode should be a 24 K. plate of gold—preferably
about 1’ square, and of any conveniént gauge.

The temperature of the solution which is best suited for the
most efficient deposition, and the best gold color, is from 115-135°F.

The color of the gold deposited from the plating solution will
be controlled by the current density used, the temperature of the
electrolyte and the background upon which it is deposited.

The higher the current density, the darker and redder will the
deposit be. The higher temperature will result in a brighter gold
color. A background of copper will give a reddish color, while a
background of silver will give a paler gold color, which is preferred
for use in dentistry.

RuobpIuM PLATING

A dental restoration which has been carefully polished and then
rhodium plated takes on a brilliant lustre without further attention
to the finish of it. This lustre is tarnish free and resistant to any
influence of the environment into which it may be placed. For
those reasons rhodium has several possible applications in the
dental field.

The general principles governing the manipulation of rhodium
for plating are similar to those which apply for the other metals.

The electrolyte is very expensive. A small quantity should be
purchased in the concentrated form from a reliable jewellers’
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supply house. The concentrated electrolyte can then be broken
down to the required dilution by the addition of distilled water.
The anode used in the rhodium plating process is platinum. A
1" X 1" piece of the .001” platinum available for the porcelain
inlay matrix is satisfactory. Several anodes surrounding the
cathode is good practice.

During the process of plating with rhodium, the metal taken
out of the solution is not replaced from the anode, with the result
that a gradual weakening of the rhodium concentration of the
solution takes place. The ‘“‘drag out’ solution must be saved and
returned to the original solution. Eventually the old solution must
be restored to strength by the addition of some new.

The current density found satisfactory ranges from 150 milli-
amperes for a large article to 30-50 for a small one. The length of
time for the deposition is from 10-15 minutes.

During the course of the plating, the article being plated
should be vibrated repeatedly to remove the bubbles of gas which
are formed.

The ideal temperature for the electrolyte is 100-115° F.

The original polish of the piece to be plated is of the utmost
importance.

The brilliance of the rhodium plate will be directly related to it.
The cost of the rhodium plating is generally considered to be about
one cent per square inch,

PLATING or RESTORATIONS WHICH ARE TO BE INSERTED
IN THE MoutH

The considerations of the tolerance of the oral tissues to metals
have already been discussed, in the section on electroforming for
oral adaptation and must be adhered to for electroplating.

CROWNS AND INLAYS

This type of restoration might be made of one of the silver
alloys—such as Utiloy or C. I. metal. Any tendency of the metal
to discolor or tarnish is eliminated when it is rhodium plated. The
writer has followed a few restorations so plated over a period of
several years and is convinced that this application of electro-
plating in dentistry is worthwhile,
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GoLp PraTeEp CoPPER BANDS

As a temporary restoration for the immediate protection of an
anterior tooth in the young patient when it is fractured through
trauma, a tightly-fitting copper band may be chosen and adapted
quickly. After trimming and adjusting such a band—a flash of
silver applied electrolytically to aid the color of the finished piece,
and then a reasonable plating with gold, completes a restoration
which is satisfactory for the purpose for which it is designed. Such
a gold plated band would be cemented to place, after polishing
lightly.

FiGcurE 52.Partial denture—rhodium plated.

CasT PARTIAL DENTURES

A partial denture cast in a silver alloy, such as Utiloy, and
rhodium or gold plated has also been found satisfactory in the
experience of the writer. Figure 52 is a photograph of a partial
upper denture, cast in one of the silver alloy metals and polished
well, after which a plating of rhodium was appliecd. The photo-
graph shown was taken without further polishing of this denture,
after it had been worn in the mouth for 214 years. It had main-
tained a brilliant polish over this period of time.
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BITE OPENING APPLIANCES

The cast silver alloy bite opening restoration seen in Figure 53
was treated in a similar manner to the partial denture in Figure 52.

The photograph of this appliance was taken without further
polishing, after it had given satisfactory service in the mouth for
over a year.

FIGurE 53
Bite opening appliance—rhodium plated.

SPLINTS FOR USE IN THE TREATMENT OF
FRACTURED JAwsS

In Figure 54 we see two Victoria metal splints which were used
in practical cases. Those who have had experience with such
splints realize how readily they are tarnished and corroded in a
relatively short time in the mouth. The photographs seen in
Figure 54 indicate the existence of such a state.

A very simple, inexpensive, and brief deposition or plating of
these appliances would -overcome the disadvantage mentioned
above.

FI1GURE 54
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An initial flash of silver over the highly polished, thoroughly
clean, splint surface is followed by 15 minutes in the rhodium or
gold plating tank. Rhodium is preferred, because no further
polishing is necessary after the plating process is complete.

In Figure 55 we see the same splints seen in Figure 54—but
after part of the one splint (upper, right side in photograph), and
the entire surface of the other (lower), have been plated.

Following the deposition of rhodium over the areas mentioned
on the two splints, further polishing was unnecessary. A brilliant
lustre was obtained which would not be affected by the oral fluids.

FiGure 55
Upper figure—right side plated—left not plated.
Lower figure—entire surface plated.

SILVER DENTURE BASE

When we referred to the methods used in the construction of a
silver denture base, we concluded with the suggestion that this
type of restoration should be gold or rhodium plated. The princi-
ples of cleanliness of the metal surfaces to be plated, observance of
the optimum current density to be used, temperature of the
electrolyte and those factors considered in particular when each
metal was discussed, must be rigidly adhered to.
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PREFACE TO SECTION IT

Dental Education and General Topics

In the 1940's a number of articles were published which called
attention to the need for intensification of efforts to promote
dental health education and the institution of preventive
measures focused on children,

In his book entitled "A History of Dentistry in Canada',
published by the University of Toronto Press, 1971, Dr. D. W,
Gullett includes for the historical record, the following
statement: "In his address to the Annual meeting of the

Ontario Dental Association in 1952, Dean R. G. Ellis, enumerated
the limitations besetting the development and assimilation of
preventive procedures. He referred to the existing accumulation
of treatment required by the population; the increased demands
arising from the social equalizing process, which was creating

a much larger group of persons potentially able to.bear the cost
of needed treatment; the worsening ratio of dentists to overall
population; the slow acceptance by the dental profession of
auxiliary personnel; the tendency toward the establishment of

an all-embracing welfare state; the lag in communication of
research findings throughout the profession and in the dental
health education of the public; and the low proportion of the
dentists'! time devoted to the child patient."

A challenging facet of this general theme, was the importance

of developing a scientific approach to the problem of management
of traumatized anterior teeth in children. The writing and
publication of "The Classification and Treatment of Injuries

to the Teeth of Children'" (referred to Section III) was a
concerted effort to extend both restorative and preventive
service to children,

Acceptance of the Deanship of the Faculty of Dentistry in the late
1940's led inevitably to serious consideration of the existing
prospects for dental education, including locally, the planning

of a new and greatly enlarged dental school (occupied in 1959)

and the subsequent expansion of the undergraduate, postgraduate
and research programs. Therefore, my published papers and
unpublished addresses during the 1950's and 1960's, have been
related almost entirely to the general theme of dental education.
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YOUR TEETH -

by R. G. ELLIS, B.D.S.
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Professor ol Operative Dentstry, University of Toromto,
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L“IIL, members of the human family
J have been conscious of their feeth
for many cenjurice.  This consecicus-
ness is increoasing with the passage of
timne. DIy hope is that tonight T might
be instrumental m bringing 1o you a

g}im L0 LG

cie of & tooih and
the strugele that is being waged lbe-

tweon nature's oiiumts Lo matatain our

teeth and oral structures as a weil-
balanced functioning biolegical unit
and tho forces of destruclion which
accompany our modern highly civil-
ized form of lifc

The exireme degree of refinemont of
our feods reduces the need for funclion
of teeth in masticatizn, Furthermore,
the high-spoed nervous slate which we
are prone {o adopt in life, changes the
gencral systemic conditions and indi-
recl)y, the local environment in which
our tecth are to be maintained in a

state of norrnal function and preserva-
tlon

You—aNDp YoUr TEETH

“At birth' your baby gwmns and iaws
£1'C crow ded with potential teeth, for
at birth there is counsiderable develop-
mcent of the crovns of the 20 deciduous®

Ta\ Iwhm Aelivered in Convoed
the niapices of 1 oy
This is o dental healih leein
and School Clube: High 8
oot notes descerelbe the shide u

{eceth and the jaws also contain the

germs of 32 permanent® {eeth.” The
crowns of the 20 found=iion (ecth
which ave already forming at birih?
were initiated many weeks before you
were born; the foundations for these
foundation teelhy wore dep nt Lpon
the diet and health of your mother
which must be well cared for by your
family  physician. Another  faclor
which infiuences the formation of these
tecth at this stage is the hereditary
pattern which is imparted to youw by
your mother. - We have no control
over this factor.

The foundation tceth begin to erupt
six to nine months after birth® and the
root forrnation of these teeth is com-
plete at approximately three years of
aget At six, the first tooth of ihe scc-
ond dentition appears behind the last
foundation tooths It crupls and takes
its rightful place, oficin unheralded
and unsung. Perhaps, this is an un-
fortunate turn of events and if a meve
mortal may ba so bald as to say it,
Nature’s one ervor in the amaving nvo-
gram of the development aad arrange-
ment of the terth: as one lad of nine
said to mec recenily, when T pointed out

'inn Fiadl, Usiversity of Torente, on March )0, 16, under
Thetilute,
vl Lo
g1 Maad Gy Nurses ol ol hers,
| i-| st ration of paLy
#The deciduous teeth, or bhabiy feelth are ll“l‘: altor ro

s before Aduit Edeention Groups; Home

uph I tesl, .
;-.«! to s Cheundntion toeth,

The peormanent teoth, are heroaficy roforied to oz “teeth of tha sorond dentition'.

Jour. C.D.A., October, 1945
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Yroliferation and Histodifferendation (Schour)

a bhadly broken down first molar of the development of a tooth. " Ifor purposcs
second dentition, “I didn’t lose any  of comnparison, wc are going to con-

baby tooth back therc so you must be  sider some of the stages in the con- SG
wrong, that's only a baby tooth.” This _ struction of a house with sirailar stages lex:
tragedy occurs too oftent. in the development of a footh. b
The blucprint for the housc rvepre: . el
oielcae b sents tie plan to be followed, (Fig. 12 ' k)
Let us twnm for a few minutes and The srocifications which accompany }"}

delve into the fascinating story of the the blueprinl determine the types of

1. 8ldc-Faby soon after bhirth, 4, Slide-Dingram of teeth ai Linvoe (E}c.'nour).
9. Slide-Dincram of teelh at birth (Schour). 5. Slide-Idugram of teeths db six (Xchour).
3. SHde-Child, age two. 5. Stide-Chill's mouth at seyen.
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Foundation of a House

malterials to be used. The contract js
let and the builders and carpenters and
other trades are arranged for. The
tooth develops according 1o similar
detajled arrangements. We sec pPro-
liferation (of the lining of the baby
mouth (the epithelium), (Fig. 2), then
the shaping of that epithelial prolifer-
ation) to correspond with ihe shape
and size of the crown to be formed.
This is the blueprint stage. The spe-
cifications call for the bast materials
(dentine, enamel), which ecan be ob-
tained. The builders and carpentors
line up for their task in the slage
Enown as Histodifferentiation. The
line on which they form is known as
the dento-enainel ling, and jusi as the
exact location for the foundation for
the house must Le begeed out before
one shovelful of concrete is laid down,
80 the dento-enamel line must be de-
tevmined before enamel or dentine may
be deposited by the anicloblasts tenam-
el) and odontoblasts (dentine),

The foundations may now be laid
when these details have been cared for
(Fig. 3). In the case of the tooth, the

—_—

7. Slide-Walls of the house,

AR e —es T s i s

cnamel forming cells and the dentine
forming colls, if supplicd with ade-
quate materials, will deposit a prede-
termined amount of enamel and den-
tine each day (I'ig, 4). I{ the caleivun,
phosphorons  and vitamin supply s
inadequaie, then the type of structure
laid down wil]l he interfored wilth,

When the foundations are combplete,
the builders proceed wiih the walls and
supersiructure which rise from ground
level and erupt sky-wards into full
view?  So with ihe tooth. It becomes
calcified anq crupls into views,

In the final stages when thie exterior
of the building is completed, (Fig. 5),
the interior decorators move in to malo
the house comlfortable for the futurc
occupants. With the teoth, the interior
decorating musl he taken care of alsc.
The root development goes oin 1o com.
pletion and the “internal space is re-
duced in size by the odontoblasts build-
ing onto the walls bath for the murpose:
of insulation and profecann (Fig, 6),
This is analogous wiih ihe insulation
and finishing of the w alls of the houso.

If we compare the length of time

8. Slide-T'artial eruption (S hoyr),
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Complete Ixterior of a

which elapses between the blueprint
stage and the time of occupancy of the
house, with the stage of proliferation
through to completion of the tooth, it
will te found that the difference is
enormous; perhaps in the ratio of one
year 1o ten years. During the ten
year interval which clapses in the case
of the tooth, the materials used in the
development of the tooth will he sith-
jeet to changes controlled by the health
of the patient and the dict ever that
ten vear interval] therefore it s of
considerable inferest that the tooth

structure laid down is so uniform. Dl
occasiunally, disturbances do occur and
they will be reflected in the developing
tooth. Let us consider a few of the
possibilities which occur during the
four stages in the development of the
tooth.

DISTURBANCES IN DEVELOPMENT

1. At the blueprint stage.

In the case of the house, if the hlue-
prints were destroyed and not repeated,
or were never drawn up, there would
likely be no building. In the case ol
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the tooth, jr there wore no proliferation
of the epithelium  thope would be png
tooth. fhe result of (his anomaly jg
congenital absence of the tooth. It is
bossible in one mouth to fing the ab.
sence of g single toa(pe or even ¢om.
plete absence of all teeth®, The cause
Ior thig disturbanee Is as yor unknowny,
but hevedity probably plays an im.
portant role.

2. At the fowundation stage.

If the foundationg for the house were
construeted of Weak materials, soonep
or later, erosion of those foundations
would {ale place, 1 the ease of the
loath, if poor materials weope used jn
the foundation Stage, it is proba ble that
the enamel of the tooth which is Jaig
down at this stage would be eroded and
pit markeq resulting in 4 condition
known ag hypoplasia of the cnamel,
gL T The execiting -cause of this
disturbance may be dietary, or some
general systemije disturbance, particu.
larly, when associatoed ity fevor, JFop
example, measles, and othey exanthes
malous feyers,

3. At the
stage,

walls  and Superstructure
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19, Slide-Congenlml absencs of many teeth.
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If the walls of a house were con-
siructed of weak matevials or by slip-
shod methods, it is likely thal they will
yuickly becoine weather-beaten  and
eroded.  Defeclive deposition of the
walls of the teeth may result in simiiar
conditions™. The cause again may be
dietary, systemic and even based on
some hereditary factor.

4. At the interior decorating stage.

A violent carthquake may destrov
the continuily of the house at the in-
teriov deceorating stage. A sudden ac-
cidental blow on the tooth" after it is
crupted and during the stage when
completion of the root and the interior
of the tooth is taking place, may cause
the nerve of the injured tooth to be-
coine non-vital.  As the result, the
complete  development of the root
ceases, and the interior decoraling
ends abruptly.

These arce but a few examples of the
vossibility of disturbances to the de-
veloping tooth at various stages. Such
disturbances are common in the moulh
of thic i individual, butl they
seldont occur in ihe mouths of primi-
tive peoples.  Such dislurbances are
dependent on yeur health.

mioder

EstrrioN or TrETID

The amazing process of the develop-
ment of the tooth is followed hy an
equally amazing process of eruption of
the tooth into its rightful place in the
mouth. Normal eruption is dependent
upen a balance of nurmerous forces.
These forces include the growth of
bones, lip pressure, tongue pressure,
check muscle pressure, endocrine bal-
ance, guidance of deciduous {eeth, be-
sides the force of eruption latent within
each tooth,

A disturbance of these forces wilt
result in a disturbance of the time of
the eruption of the lootl and the posi-
tion which it will take in the mouth.
For example, mouth breathing, lip bit-
11. Slidc——-Sa\t-ro Hypoplasia of enamel.

12, Slide-Non-vital mraectured tooth.

13, Slde-X-1 o rem-vitid tonti,
3. Slide-TFa of cruption.
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ing, thumb sucking, endocrine disturh
ances, ote”

The vital importance of the founda-
tion iooth as the keeper of the allolied
space for a tooth of the sccond denti-
tion cannol be overemphasized, If
these foundation teeth are lost prema-
turely, normal mastication of food is
interfered with and this allotted space
is lost, and crowding of the sccond
tectli will resuiie,

MAINTENANCE OF NorMAL DInT

Two aspecls of diet must be con-
sidered-to have a censiderable influence
on the teeth. Firstly, a well-balanced
diet, supplying the required minerals
and vitamins is essenlial during the
stages of development of the teeth and
therealter.  The nced for reinforce-
ment of the diet with mineral or vita-
min concentrates is strictly Yimiled, and
definitely less salisfactory than meet-
ing the requirements through the na-
tural sources?,

Sccondly, the physical nature of the
foods s imporianf. in the
growth aod development of teeth and
the human jaws. The modern civilized
diet ol prepared and higly refined
foods, which deprive the teeth of their
much needed  function, ic briviging
apoutl an inevitable slow degeneration
of the tecth and jaws®. It is reflected
in the narrowing of the arches and the
increasing degree to which the third
molar is absent.  Perhaps we may
look ahead a few centurics when the
third molar will be rnissing entirely,
and the lateral incisor, which now,
to an cver increasing degree, is con-
genitally missing, may alse be con-
sidercd an anomaly when it is present.
These changes arc necessary if the
diminished ¢ize of the jaws is to house
the teeth which develop.

The coarse fibrous food of the primi-
tive Eskimo and Indian gives needed
‘unction for the growth of the iaws and
provides ample room for well formed

15, Slide-Thumb sucker

16. Slide-Premature loss of fourdzniion
tecth.

1

1

e _iDIM,
equally

7. Slide-Good facds,
§. Stide-1’oor famds,
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feeth, 20 Not only have we climinated
coarse foods from our modern civilized
diet, but where foods are used which
might necessitate the functions of pre-
hensjon and  incision, the knife and
fork have beerr infroduced to meet the
demands of ecliquette, and the front
tecth have heen deprived of their
rightful use. There is a decep social
and health significance in the “Chiclken
in tne rough’ idca. If our tecth are to
scrve as they are intended, the slogan
migh! well be ‘extended  to include,
“Bovine on the T-Bone”, even if it doces
mean a few greasy fingers. The front
teeth were meant for function as well
as beauty, but by depriving them of
this function, they may well eventu-
ally Josc their beauty.

BAL IIvenNe

The natural racthods of eleaning tecth
ave also dependent on tough fibrous
foods. However, with the disapnear-
ance of tough fibrous foods, we are
more and more dependent on the arti-
ficial substitute, mamely. thic tooth
brush. The correct methed of using
the tooth brush is Important because
yauch damage can he occasioned to the
teeth if the tooth brush is used as
though we were serubbing floors?,

* StaptnizING Forces

Normal muscles, tongue, cheek and
lip forces arve essential (o the main-
lenance of normal teeth and arches.
It would seem that the acquisition of
habits results in sevious disturbances
in growth and development?,

GENERAL FERALTH

To mainlain normal oral conditions.
the general health must provide a
favourable oral environment. Funda-
mental disturbances such as general
fatipue, distwrbances of the nervous
system, of the basal metabolism, and
nuiritional diswurbances, besides many

19, Slide-Comparison-Lskimo and  civilized
mouths,

20, Slide-Eskimo mouth after eontact wiith
civilization.

21. Nlide-Tooth Lrush technique,

+ 403

specific disecases, are reflected in the
dificully of maintaining the oral sirge-
tures in normal health?., Oral health
is dependent on the general health and
resistance of the host.

IF'UNcTIONS OF TiiE TEETH

1. Blastication.

The primary function of the tecth
is that of prehension, incision, and
mastication of food; and indirectly for
the food to be held in the mouth long
enough so that the first cnzymes of the
digestive process whiel are contained
in the saliva can be thoroughly mixed
in with the food bolus. VWhat chance
have you got to achicve these ends if
a number of teeth are missing or if
the tecth do not occlude properly? Too
many of us are dental cripples very
early in life as the result of the loss of
teeth®. 1f you were asked the question,
“How old is'your mouth?”, the answer
would probably be at Jeast ten to
twenly years older than your chrono-
logical age,

The end result of the improper pirep-
aration of the food for the stomach
can only be, that the whole digestive
tract is overloaded and your general
health cventually is affected.

2, Speech.

The importance of the teelh in
speech is obvious?, The teeth aid in
the formation of the sides of the box in
which the sounds ave formed. If teelh
are missing or arc badly misplaced in
the arch, the sound box is defective and
only by abnormal use of the lips and
tongue, can this abnormality be com-
pensated for, and the sounds be formed.
3. Aesthelics.

If we arve to believe the stress placed
by tho-advertiisements for tooth pastes,
the teeth are A thing of beauty and a
joy forcver”. Any anomaly which de-
tracts from the beauty of the teeth may
well cause a dasturbance of the mental
health of the host. For example, how

< Slde=Thumb sueking.

3. Slide-Anaemin-effect on mouth.
- SHde—ental Cripple.

. Slide--Speech formation,

~
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T
ould you face your friends awith =
smile if when you did go, you showen

front teeth which were all jumbled up
or badly decayed®  Would yecu not
attempt to hide the ugly appearance of
vour tecth and in doing so, be in danger
of developing some inferiority complex
or other mental aberration. .

DENTATL DISEASES

In spite of our cfforts to establish
normal growth and development, nor-
mal eruption, and maintain the tecth
and oral struclures in a normal con-
dition, according lo the stalistics, 98%%
of you in this hall tonight suffer from
dental discases. Too great a perceent
age of you are deutal cripples, and as
was stated previously, your mouth is
anywhere from ten to twenty years
older than ycur aclual age.

The most common dental diseases of
which veu are vietims are dental cavies
(decay), diseases of the supporting
structures (gingivitis and pyorrhea,
and molocclusion.

DrExNTAL Caries (DECAY)

To have decayed tecth has been the
unhappy experience of ncarly every
one of you”, The primitive pecples in
their native haunts, on the other hand,
are practically immune. The actiology
of this diseasc has been wrestled with
by research worliers for generations
and millions of dollars have been spent
in the work. Great progress is being
made, and one of the amazing results
which would come from the actual
control of this diseasc, would be that
the dental profession would find itself
without decayed teeth o take care of,
and yet T believe I am correct in saying
that there isn’t a member of the dental
profession. who is not sincercly inter-
ested in seeing dental decay brought
under control. 1 heard recently the:
in the dental facully of one of tle
great universities in the United States
that as the result of rescarcit wWork
which has been in progress there fov

26, Slide—Juinbled teeth.
27. Slide-—Deecayed teeth,
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a numher

have bleen

successful in red o des hl deeay by
909, The results are so startling that
the resecarch worker respensible for

this development dees not believe his
own results, and will net release them
until further extensive clinical teosts
have been made.

There have been nuwinercus theovies
enunciated from time to time con-
cerning the aetiolory of dental caries

and the concept which is accepted
almogt universally is that it is a

cheinico-parasitic process. The enamel
is first decalcified by lactic acid formed
by the lacto bacillus acidophilus odon-
tolyticus when it breaks down carbo-
hydrate debri which colleets about the
tecth.

The enamel is built up of a number
of colummns or prisms which are set at
right angles to the surface of the
tooth™.  These prisms are united to-
gether by an interprismatic cementing
substance which is much wealker than

the prisms themsclves. The denline is
made up of a %o“"v"s of tubules which
might be compared witl the tubes in
a boiler?, The s.vmf ance of this

architectural arrangement is important
from twne standpoint of the develop-
ment of dental caries, When the ecnamel
becomes decalcified, it §s the interpris
matic cementing  substance  which
breals down first and leaves the prisms

unsupported which then are ecasily
broken. The enamel may thercfore be

penctrated through a narrow opening
and the dentine, which is much Jess
resistant because it contains only 7247
of mincrals as compared with 964 in
the cnamel. and the carious process
extends more rapidly in the dentine.
The bacteria enter the dentinal tubes
and crowd up these tubes which run
toward the nerve in the tooth, breaking
down the organic content by enzyme
action and decaleiiying the mineral
content as well®. The base of the
carious arca situated on the dento-,
enamel junction may  therefore he

28, Slide—Tinamel pyis:s:
20, Slide—Dentine ubul \3
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much wider than the peint of entrance
of the carious process through the
cnamel and ivis noc uncornmon to have
a very large cavily in the tooth before
it is ever suspectedsl, An x-ray will
show this developmunlz mueh  carlier
than it can be found by simple inspee-
tion’,

DISEASES OF THE SUPIORTING
STRUCTURES

. Gingivilis——Pyorrhiea

The most flagrant type of discase to
soft tissue is inflammation of the gum
margins. called “gingivitis”. There is
usually a great deal of redness but it
is of a superficial nature. The cause
is commonly of local ovigin such as,
irritation caused by the accumulation
of calculus around the teeth. Mouth
breathing is also a common causc?.
Besides the local factors, somoe general
systemic  disturbance, nutritional or
otherwise, may causc gingivilis,

The moye serious twpe of soft tissue
diseasc is less alarming in appearance,
more insidious in onsect bul much more
deeply rooted.  This condition is com-
monly known as pyorrlica® The gum
tissues become sivipped from the tooth
surface and the bone nmargins  dis-
appear and a pocket develops between
the tooth and the gum tissucs. "1'hese
pockels vary in depth and are usually
lined by a mass of inflamed tissue
capable of absorbing, or allowing en-
{rance for bacteria {o the blood streamn.

The predisposing causes of the de
velopment of pyorrhea may be lrauma-
togenic occlusion, systemic disease and

nutritional  deficiencies. Traumato-
genie occlusion  results  from badly
interdigitated {eeth cusps.  For ox-

ampic: in a picce of machinery, if one
of two cog wheels which were supposed
to be working in harmony with each
other, had one long tooth, (IMig. 8), then
cach time that long tooth passed over
the second wheel, tiue whole meehanism
fein ergse section,

L. Toritnet b

a2 ;s X-rays for
$e Slide—2XIouth rreathor,

caviiles,
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Fig. 8
Cog Wheel with long Tooth

would reccive a severe jolt, and even-
tually the picce of machinery would
be shaken to pieces. Where long cusped
teeth are interlocking irregularly, then
dwing the process of mastication it ic
possible for the Jong cusps to jolt the
dental mechanism each time the choew-
ing functions are undertalken, It is
unlikely that {raumatogenic ocelusion
could develop with the well worn teeth
of the primitive people but in the mod-
ern individual with long cusped tecth
showing little wear there are great
possibilities for the development of
trawmatogenic  ocelusion, and hence
this condition is cne of the prominent
predisposing factors®,

As an exciting causc of pocket forma-
tion, there has been no specific organ-
ism proven to be the causative factor
of the condition. Recently however,
our research workers under the guid-
ance of Dr. H. K. Box have considered
the organism shown in the slide, a
fungus-li]\jc growth, as being (he pos-
sible specific causative factor in the
development of the pocket’.  Aluch
work has yet to be done on this new
thought before it can be assigned de-
finite clinical significance.

MaLoCCLUSION

The
among

of
children

malocclusion
and mine, js

prevalence
your
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alarming.  Irregular teeth predispose
the individual to increase in caries

susceptibility, 1o {raumatogenic occlu-
sion, and other disturbances?¥.

The causes of malocelusion which ave
recognized, are numerous, For ex-
ample: Habits, such as lip biting,
fongue sucking, finger sucking, endo-
crine dislurbances and premature loss
of foundation tecth.

The part which heredity plays in the
development of malocclusion must also
be rccognized.

Whatcver the nature of the cause
may be in the development of malocelu-
sion, the patential results arve far reach-
ing.

Youkr ‘T'eerir, Younr HpeALTIL

Repeated reference has been made
to the importance of your health dur-
ing the growth, development, eruption,
and maintenance of your ieeth and
oral struciures. But ihe teeth raust be
consideved as the cause as well as the
eflect.

Practically every ailiment the hwman
body is heir to has at one time or
another heen atiribuied to.bad teeth.
Focal infeclion and toxaemia arising
from discased leeth and the oral tis-
sues might develop from periodontal
pockels or {rom non-vital infected
teeth. On the other hand many tecth
have been sacrificed without henefit
to the individual. It is impossible to
pre-determine exaclly when teeth are
responsible for ill health and when
they only contribule to it %

Let us consider the following anal-
ogy. The chemical formula shown is
that of Niacin (¥ig. 9). Niacin (one of
the Vitamin B complex) is a valuable
adjunct in ihe diet. If the Co. OH
radical were changed to CH. the
formula  becomes that of Pyridine,
which is a motor nerve and heart
depressant. The resull of that substi-
tution changes the end result from
something constructive to® something
destructive. So with the Health form-

3%7. Slide—2lalreclusion—efore and afuwer,
38. Slide---Tooth, non-vital, non-infectol,
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ula suggested (Fig, 10). The various
stages of development, eruption, main-
tenance of the teeth, cte., arc depend-
ent on the health and at the same time
the health is dependent on the contri-
bution good teeth can make, If onc
of these well integrated parts becomes
distorled greatly then the process is
no lenger working in favour of a
normal functioning biological unit.
Health and good teeth are interde-
nendent.

TREATMENT

What can we say about the treat-
ment for dental diseases? Dental dis-
eases seem lo be inevitable. Like the
darkey preacher, we arc advised 1o
“cooperate with the incvitable”. Un
Sortunately, with  dental treatment
there is assceiated the idea of pain, and
because of pain, fear. Cartoonists and
irresponsible peopic have added coals
{o the fire. The great hope for dental
wrcatment lies in the prevention and

39, Slide-—"Toath,. non:vital, Infecled.
49, Sllde—Psyorchen,
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YOUR TEETH had 10.\:01(] tweatment for diphthoria,
ete. It is aceepted by most responsible
\ parcnts as “a must” in the care of the

ORAAL neact oF - childe The same atiitude 1oward the

PIYELCPIMENT NATON  * care of the foundation teeth, would

eliminate for the child unpleasant ex-
periences  asseciated with the treat-
ment of advanced dental discase. 4n
initial visit with the dentist at three
and at intervals of six months there-
after is the practical expressicn of
“such a program.
What greater living memorial could

MAINTER RNCE YOUR the citizens of this city, nay the whole

oF

WORFAL HEALTH Dominion, contemplate to honour those

. ’ Canadian heroes who are fighting and

FORM AL dying to make Canada frec and safc

FUNCT 08 for the gencerations to come, than to

: build centres wherein the pre-school
Fig. 10 5 . ]

child, of any race or creed, no matter

Healih Formula what his circomslances, could re-

ceive the necessary dental preventive

control of dental discases. What child measures, analogous to the toxoid

wlay of three vears of age, has not l(reatments.

(The wrliar wiah

nowledge the suggesilons made by his confréves and the idc:.'l_s ¢b-
tained from dontnl Bieialuce, whieh have been of greal assistance In the compilation
of this malerinl),

CHANGE OF ADDRESS

Notice of change of address should reach the Secretary’s office before the first
of the month in which the change is to take eflect. Pleasc {urnish old as well
as new address,

Members in the Military Services arc requested to notify respecting
change of address as quickly as possible so that the Jowrnal will be received
at new address.

In all cases, the former address should be piven.

Address all communications to:

The Secrctary,
Canadian Dental Association, 211 Huron Street, Toronto .

ANNOUNCEMIENT
foint C.D.A. and O.D.A. Meeting

The joint mecting of the Cinadian Dental Association and the Outario Denta!

Association will be held 4t the Royal York Holtel, Toronio, May 27-30, 1946.

e et i (e St e S g S e e

PIENESSET



0N

the
les

at

or

————

-

'.._____,______.___ o
‘O

TORONT

M
;' 1’/"‘-1' }—--\i\‘ /n_:d::.\ ! ’
IR

DENTAL Asg SCIATION

» MARCH, 1946 NQ. 3

ARE DENTAL CRIPPL:g INEVITABLE

. by ROY G. ELLs,
Professor of Operative Dentistry, Fac

D.D.S, M.sc. (Deny),
ulty of Dentistry, University of Toronto

—_—

1. Derinrrion OF A DExTAL Curppry

(a) Definitions. "Dvnf_z-.!“-—accord-
ing 1w a reliable diclioneu'y—---moans
"])crlaining to the teeth op to den-
tistryn,

“A crippler. according (o the sarne
Sotree js—ty lame Person—one vwho
is partially disabled—one who is de.
prived of the proner yes s¢ - lmb",

“A  Dental Ci‘f[';]l]r_‘”---llI(rI'C‘fEi:'t‘-—--iS
aine who s Partinlly disabled as it re-
laies to the teelh, or oo ho is de-
prived of the preper use of ihe teeth,

(h) Eiainpicg: Let me give you
sonme obvioys examples wilp illustra-
tions,

() The case of premature loss of
bermanent tee-p without tiheir restora-
tion by artifieia) mieans, (Fig, 1),

One aulhicpt has stated that for the
majority of ys four miouths are 10.20
years oldey than the rest of the .
man body ', The Mustration (I 1)
shown myst convey to you this idea,
}-‘unclion, speech fornuation anad aes-
theties e interfered wigy considor.
ably, 1f {(his individual's 1imbs were
in relatively the same state gf debility
as his denta) apparatus he woulq be
designateq cripnla,  ¥roce W be-
lieve the application of thn Lorm :
tal eripple” 10 this indivieis is jus
tifighle,

But you wWill say, this s an cxireme
'I’_:';-w.ultvtl before o combiiped mceting
ol I'm'{!i:ll'ric:\'. Avitthany or Alediei,

5 the
T

Chilieen, Nuwv, 8, 1645 ANl adso berop,. the Vg

case which yoy have yseg 1 iusiraie
the point. That may be se in terms of
Your practice, byt You have hearq jt
slated many times, that net more
than '259%.30% o e population ro-
ceive adequate dental caye sueh as you
render to the batients in youp braclice,
Among the remainder, @ontnd eripplies
are very numeroye,

Consider oy 4 moment the s
ment of a s, writer! wilien he yefops
to (he men inducted jnto ithe g
armod forces; “ip the reecent world
conflict when men were fipst inducter
into our armed forecs, oug of £00,000
scleeleos, 186,000 wepe rejected  be.
cause of dentn) deflects,  Tha regGuine-
ments were that a man shovld have
3 upper anterioy and 3 lewer aaterioy
toeth in conlact and 3 upper posterjop
and 2 lower hasterior teelh in contact
to pass the denlal Cxamination.” That
is 20.9% oy almosl 1 wepe rejected be.
tause they were gental eripples. “Thig
ETOUD representeq the flower of our
¥oung manhood ef the nation.»

(i) Dentag C’:'i;:pi’eswthvrou\r:h, pre-
mature logs anag oter relention of e
ciduans frery, Jlig. 11,

The loss nf thn Mciduous Eiolars at
the early are af soven Mcans Joss of
Iunection, loss of varliea] SUppoid, (ror
the bite s now held open by the crup:-
ing firs( molars) ang more seriously

Toronto Aea
ni s g

iy of ﬂonLi»-[r;,’ with the seclion
Lo

LSy mposigm N lu-ntis[ry for

ey " or Dentistry,

2 LA SRR T
“ulilishied coneurrent]y with the Journal of llunti.stry for Children,

Jour. C.D.4, Mareh, 1944
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FIGURYE 1
A Dental Cripple (adulp)

———etian i T |

FIGURE 2
Premature Toss of Deci

a collapsing of the archies {hrough
drifting and lipping of the erupling
teeth and closwre of the spaca into
which the bicuspids are to crupt 2-3
Years later. Just what the case will
look Jike when all the developmental
forces have ceased to funclion and
all the permanent teeth are in place
it is impossible to say; at present the
cihild cannot possibly  masticate itg
food properly, the food therefore can-
not possibly be mixed with saliva to
initiate the digestion of the carbohy-
drates because it jsn’t held in the
mouth Iong cnough; furthermore,
thinking of the future, the present in-
dications are that this child must be
considered a potentjul dental eripple
for the fulure, threugh maloeclusion,

Over retention of deciduous 1eeth
may have a profound influence in the
ereation of malocelusion. As an illus-
tration, you mzay recall cases where

The Jonrnal of the Canadian Dental Associ,

the deciduous centrals have been over-
retajued, lirough railure of normal
Toot resorption. The result of {1his
condition is invariably eruption of the
permancent central and laterals too, in
linguo-version,

(iii) Dentar Cripples—through mal-
occlusion and wregularity of teetl.

It is the considered opinicen of many
outstanding students of dentistiy that
probably “309% of ali malocclusions
and facial deformities arise  frem
simple, minor and environmental caus.
es.”® Premature loss of the deciduous
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duous Molars at age of 7

teeth and failure to use space main-
tenance when necessary arc reported
by Dr. Don. C. Lyons of Jackson,
Llich., 10 be responsible for 639 of
instances of malocclusion. In other
words, we can assumeoe that if we could
conirol dental discases responsible for
the premature loss  of deciduous
teeth we could eliminate the develop-
ment of a large group of potontial
dental eripples at the oufset.

Some of the factors which jnterfere
with the normal growth and develop-
ment of the teeth and jaws are minor
at the outset and even temporary, but
once the complicated process of dental
develepiment has been interfered with,
recovery ic Qifficuls and ihe very
forces of nature which normally are
construetive, may become destructive,
because (he initial miner disturbance
having once becoinn established devel-
ops inlo a major factor for malocclu-

.
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sion. I is possible that we let many
incipient cases of malocelusion develop
unrecognized in our practices,

Premaziure loss of deciducus fecth
is but onc factor in the development of
malocclvsicon, “The veliolegy and prog-
nosis of many malocclusions js un-
known.”3 Constitutional disturbances,
nutlritional deficiencics and inherited
characieristics arc among the more
complicated aetliological {factors in-
volved in the development of maloc-
clusion.

An interesting contribution has been
made by geneticists relative to her-
edity as a factor in the cause of mal-
occlusion. *  “Hellman has shown, in
the case of the permanent dentition,
that there is a striking difference in
the seguence of eruption betiveen nor-
mal occlusion groups and malocclusion
groups. For example, children with
malocclusion begin to crupt their per-
manent teeth earlier and finish the
process later than do these with nor-
mal occlusion. Morcover, the first
tooth of the permanent sct to erupt
in the malocclusion group is on an
average the lower central incisor,
while in the normal group it is th\.
lower first molar. Besides in the mal-
occlusion groun the upper first molar
precedes its lower partuner.”

Doctors Norma Ford and A. D. A.
Masont studied the Dionne Quintuplets
tooth eruntion pattern and report
follows: “That the first permancnt
teceth of the quintuplets to erupt were
consistently 1ihe lower ceniral in-
cisors.”

“That the upper first molars pre-
ceded the lower first molars.”

“The fact that a common pattern
in the order of cruption of the teeth
can be {raced among the Dionne
quinfuplets suggests {hat this pattern
may be an inherited one.”

Finally, ‘“The inhcrited character-
istics were traced back {c the decidu-
ous dentition.”

Is it not likely that within a few
years with the cnlargement of the
knowledpe already gained in this field
of hercd.ty it will be vossible to pre-
dicl with some degrece of accuracy the

e e el A R
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probability of the development of mal-
occlusion, foir cach child, if the erup-
tion pattern is known, not only of the
permancit teeth but of the decidious
teeth.

(iv) Dcital Cripples--tlivough abei-
rations in the nintber of teeth wchich
develop. (Fig. I11).

P e s el e e e g g e A

1

FIGURE 3
Congenital Abscnce of Teeth

As the restit of a disturbance within
the early stages of the developmental
process of tooth formation this child
is missing 24 {ecth congenitally. Fune-
tion, aesihetics and speech formaeatlion
are grossly interfered with:-—the child
is a dental cripple without question.

Thus we have considered the four cx-
amples of the development of dental
eripples ne

oly

(1) Through premature loss of per-
manent tecth withoul their restora-
tion (adult).

(ii) Through premature loss and
over-reteintion of deciduous teeth.

(iii) Through malocclusion and ir-
regularity of lecth.

(iv) Through aberrations in the
number of teeth formed. ‘

Thinking now in terins of the child,
vou might well ask the question;

II. WHAT EVIDENCE IS THERE OF THE Di-
VELOPMENT OF DENTAL CRIPPLES AMONG
PRESENT DAY CHILDREN ¢

In yonr practice you.see children
whose dental development is normal
and you strive to mainiain the normal,
by systematic attenticn, ILet me re-

mind you, however, that the number
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ol chiidren who receive adequate at-
tention in this way (which inciudes
morc ti:an merely filling holes,) is bul
a smealt fraction of the total. To an-
swer the question asked, let me ‘cite
two surveys.

Recently, 12 children whose ages
averaged 9% ycars, were sclecied at
random Irom the membership of the
K. Club of Toronto, and were exam-
ined in the presence of two prominent
members of this Academy, These chil-
dren were nol likely to have been
privileged to have received dental sery-
ice in dental offices, hut on the other
hand, they were not from the most
underprivileged homes in the city of
Toronto. They had received some
dental treatment through the school
dental  services.  Ileven of these
twelve children had gross disturbances
(apart from denlal caries) in their

1
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place the majority of them in the
category of potential: dental cripples
of the wuture,

Here js what we would like to see at
the age of 74 (years). (Fig. IV).

Unless somcthing is done soon for
the child seen in Fis, V he is a polen-
tial cripple in the future through mal-
occlusion.

The sccond survey I wish to cite is
that which was made among the
Primary School children in the Por-
cupine Distriel of Northern Ontario,
Canada. This survey was conducted
by the Dental Public Health Comn-
mitlee of the C.D.A. in coliaboration
with thie R.C.D.S. Board of Ontario and
is reported by Dr. T. R. Marshall in
J.C.D.A. May, 1845, T had the privilege
of being present in Timmins when this
survey was begun and of sceing the
mouths of many children who were

dental development, which  would examined.
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Potential Dental Cripple at 7Y, years of age
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PorcuriNe Distiucy Sunviy--1945 Srack NMANTANERS RUUuine

72 Five Yr. Olds -— 144 Space Mainlainers,

42% of the Total but they need 120 faundation teoth extracted also.
300 Six Yr. Clds - 132 Space Mainliiners

G1% of the Toial but they need 217 foundation teeth extracled also,

- 170 Spuce B

71 Seven Yy Glds
43% of the

ainlainers
Yotal bul they need 261 foundation teeth extracted also.

61 Eight Yr. Olds —— 140 Space Muintainers
40% of the Total but they need 201 foundaiion leeth extracted also.

There are petential dental cripples
in that district by the hundreds.

Perhaps you will protest, thai this is
not representative of all large cities
or many other arcas yoeu could Naine,
and I will hasien to agree with you.
It does indicate the’ responsibilitics
whiclt we as a denial nrofession accept
as custodians of the dental health of
our people. Oliver has aptly stated,”
‘The majority of children with dental
diseases if untreated, not only beecome
dental cripples, but worse, have their
general health penalized and often
seriously impaired.”

We have not yet reached ihe stage
wheil we can prevent dental diseazgs,
so that ow program necessarily  be-
comes one of “protection” against the
ravages of dental diseases. In 4 sur-
vey of the Guggenheim Clinie in New
York City,> it was revealed that the
following conditions exisied among

new, very young patients.

GUGGENIIEIN CLINIC-—1941

Age — 3 —4 -5
No. of Patients —116--212-—-385
Per cent with Cavitics— 60— 75— 80
Aver. No. of Cavilies—23-—-35.-42

Therefore, if our program is io be
“fully protective’, it 1must commence
with the very young child, TFurther-
more, if our program, is to be suceoss-
ful we, as members of the dental pro-
Tession, must recognize the importance
of not only the environmental influ-
ences within the mouth, but also the
nutritional, constitutional, and factors
of heredity. Many cases require the
most sincere cooperation belween the
dentist and the pacdiatrician, before
reatment is instituted. “The ywell Ho-
ing of the whole child is the hasic con-
sideration.” ¢

AT T v e s e e e

ITI. PROGRAM ¥R THHE FUTURE

If we are lo make any progress in
our struggle for the elimination ot
“dental eripples’” the program devised
must be founded on the development
of preventive mcasares and in the

cantime, action of a ‘proteciive
type’.

(a) Profective Dentistry

As T sce it, an active program of
“proteclive dentistry” commences very
soon afler the birth of the child. VWhile
ante-natal care of the mother and
child is the responsibility of the physi-
cian, the oral health of ithe mothoer is
important. Fwvery cxpectant mother
should be made dentally fit and re-
called for re-examination at 4-6 month-

nursing peried. The dentist should be
included in ante-natal clinics whereve)
possible,

During the first few months of the
child’s life active pariicipation of the
dentist in the health program for the
child, may appear superfluous. How-
ever, discussion with the parent on the
care of her own teeth and thosc
which the child will soon have, would
be of great valuc. Sducation, relative
to the teeth and oval siructures, made
a somewhat individual matter in this
way and at a time when the mother is
mostl concerned about the welfare of
her child, would have a profound ei-
fect, Is it notl possible that many of
the new children and their mothers
could "be contacted through lhe city-
wide “Well Baby Clinics”?

Again Jet me refer to the 12 ¥iwanic
children who were examined. We re.
quested that cach child bring his or
her toothbwush along and demonstrate
how it was used. I wish you could have
scen the motley collection which were

S T v e s e ey e
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presented and how they used them. Oh,
we can talk all we like on hiow {o use
a toothbrush, but a good praciical dems-
onstration would go a jot furthor, The
initiation of this practicual instruetion
should be given to the mother in the
“Well Baby Clinie,” and then to the
preschool child as the time came due,
. Let me suggest ihen five phases in
the program I foresce.

(1) The child_'p:\y:s his first visit to the

@

~

&

~—

(4)

dentist in the “Well Baby Clinic”
or preferably in the dentist's of-
fice. At this time tho visit is an
educational one for the parent. It
Is devoled to an examination of
the mother's oral condition ang in-
struetion on the importance of the
child's first teeth, and (he care of
them., Discussion of nulrition, in
collaboration wilh (he paediatri-
cian is also covered at this time,
bolit as ii relates to the mother
and {o the chila.

Through the mediwm of an accur-
ate recall system {he child and
parent are recalled for re-exam-
ination and further education at
regular intervals, Dossibly cvery
six months and more oflen if it is
found necessary.

The child grows up with regulay
periodic visits 1o the dentist, hav-
ing his teeth cleancd at intervals,
In this way his first visit is not
one demanded by toothache, which
is all too frequent, and often a
disastrous iniliation to the dental
office, To the parvent of the chila,
the regular periodic visit to the
dentist is a well established habil
by the time the child reaclics the
age of marked susceptibility and
certain fundamental dental cduca-
tion has been given on a very prac-
tical individual basis,

If we recall the table showing
the figures from the Guggenheim
Clini¢, dental caries js a profound
reality with the parescinool  ehild,
Jong nefeore lie reachos ihe school
era and the benefits ho might de-
rive from the: school dental forel RIS
ice. Therelore, in conjunclion with
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the “Well Raby Clinies,” for the
older preschool children of parents
who eannvot afford to sook the serv.
fers of (he family dentist, provi-
sion should be made for complele
“proteclive”  dental service  re-
quired by the 3,4, 5 or 6 year olds,
If all parents of {hese children
could be persuaded io go to the
family dentist, so much the bettey,
However, wherever ihe service is
given, success for (ho scheme s
based primarily on two factors:
(a) Gelling siarted early enough,
(b) Following a rigid reeall S¥s-
tem, so that the service is com-

plete.

0

The natural extension of this pro-
gram ta the school era should be
relatively simple.  Success would
still be dependent on giving a
complele protective dental service
(not just one of filling holes anag
extracling teeth).

Now I can almost hear some of
you thinking out Joud and saying
that the idealistic program oul-
lined is utterly impractical and
the dream of a theorist. Maybe
you are rvight, but let me think
out loud teo, and adad iy thought
that the present scheme we are
following, with no dentist attached
to the “Well Baby Clinies” znd
insufficient preschool dental al-
tention for those children who do
not find their way into yeur ¢ffice
and a dental serviee in the schools
which is definitely better than
hone at all bul is not complete and

,

too extensive to make it complete ;

because of the backlog of accum-
ulated work, is far more imprac-
tical than {he program I have sug-
gested.

The program may have 1o be
limited to ¢ertain ages at the out-
set, but once it is established it
could be extended 1o older chil-
dren. At all times whete possible,
ihe service should be given by the
family deniisi, but failing that, it
should be provided for.

In the present program il would
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appear that there is no hope of
overtaking the accuinuwiaicd needs;
there is little educational value
unless it is being repeated at reg-
ular intervals; the service is not
complete in all phases, and wha
is even more dizasicons, in many
instances it is relied upon by some
‘parvents, bul because ol the back-
log of work on hand, long waiting
periods clapse before cavities are
taken care of and tecth arc often

hopelessly involved by that {ime..

If, on the other hand, the pro-
gram is commenced very carly on
a “protectlive basis” in conjunclion
with the pacdiatrician (before ithe
backlog of repair work has accum-
ulated to prodigious proportions)
and it is extended into the séhool
system on a regular interval and
complete service basis, potential
“dental cripples  among  children
could be reduced in number con-
siderably. Siug satisfaction with
the “Status quo” inevitably con-
demms some children to the status
of dental cripples.

The importance of coaperation
with the paediatrician in this pro-
gram cannot be overstated, be-
cause I believe that the systemic
factors arc of the utmost import-
ance in the aetiology of dental dis-
cases. Such seemingly unimport-
ant factors as fatigue, the menial
outlook of the chilé and his way
of life are probably closely related
to his dental condilions.

‘Therefore any measures that
promotle the health of the chiid
increasce the likelihood of the teeth
remaining sound.” 7

CONCLUSION

If all the difficulties which lie in the

way of putting this ideal program into
effect were to be dissipated toinorrow,
I wonder whether we as dentists would
be ready to fulfil our obligations in it.
If the answer is “ycs” then we are in
a better position than I judge we are.
If the answer is “yes” and ‘‘no”, then
I respeetfully submit that we could not
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perfoom a greateir serviee to human-
itv, than to initiate and foster a study
group on the subject of “Prolective
Dentiistey’, which cmbraces the whole
problem that is, botli medical and den-
tal in ite aspects. I as the result of
our  cdeliborations  and  constructive
planning we became as influential in
the prevention of dental cripples as
the Tervier Study Club’s of the West
have become in the realm of gold foil
restorations, the health professions
would have reason to be thankful.
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THE NO MAN'S LAND Ol¢ DENTISTRY

A Craarnexge

Roy (I, Brug, DD.S, ALSc. (piNt),* Toroxro, CaNADA

BRITAPS it would be unfair to say that there is but one ““no man’s land

of dentisfry.”” Indeed there may be many, but there is one in my opinion
which stands out above all others in importance to the dental profession today.

In May, 1945, Dr. Oren A, Oliver read a paper entitled ““The Dentist’s
Responsibility 1o Child Patients,”” which was subsequently published in the
Journal of the Ontario Dental Association, Aueust, 1945. In that paper, Dr.
Oliver issuced a challenging statement whieh has concerned me greatly sinee I
heard it. Dy, Oliver said, ‘It is my opinton that at least 50 per cent of all
malocelusions and facial deformities arise from simple, minor or cnvironmental
causes.”’ I {his is true, or nearly true, we do not have 1o wait until the dawn
of the cavies-free era to make an important preventive serviee available to man-
kind; it is our responsihility to accept this challenge and make the most of our
present opportunitics.

When we consider the significance of Dr. Oliver’s statement, the {itle chosen
for this address focuses our shorteomings on a vital problem. I should like {o
ask 1hic following questions concerning the existence of a “‘no man’'s land’:

a. Where is this ““no man’s land’’?

b. How serious are the implications of the existence of this “‘no man’s
Jand’’? .

c. Whose responsibility is it for attacking this ““no man’s lJand’’?

d. Is the attacker adequately prepared for the task?

In atteipting to answer ibese questions, my purpose is mercly to define the
area involved and +to place the responsibility for future action. The first ques-
tion may be answered by stating that the “‘no man’s land’’ under consideration
lies astride the ficlds of the operative dentist (a general practitioner) and the
orthodontist. I realize that a no man’s land is a dangerous areca to slep into,
and T am fully cognizant of the old saying that ““fools rush in where angels
fear to tread,”’ but, nevertheless, 1 have defined the arca and I shall state my
convictions with respect to it.

The dental eare of the child is the responsibility of the gencral practitioner,
and it is 1o him that the child presents. Barly changes from the normal should
be observed and understood by the general practitioner. But the general prac-
titioner does not often recognize changes in their ineipiency, and even if lie does

Presented at the meeting of the Great Lakes Society of Orthodontists, Toronto, Canada,

October, 1047,
*Dean, Facully of Dentistry, University of Toronto.
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he is linble to aceept the stand that Tactors which relate even remotely to mal-
occlusion, whether of etiology or treatment, are the responsibility of the ortho-
dontist.  On the ofher hand, the orthodontist sees comparatively few ol these
meipient cases of malocclusion.  Furthermore, many causative facfors which
perhaps are simple at the outset have been considered very trivial, and by the
time interception is undertaken, complications have arvisen,  These and many
other considerations confribute 1o the existence of this “no man’s Tand,”” which
results in failwre 1o recognize many incipient cases of malocelusion at a time
when simple preventive measures might he very effective.

The responsibility, therefore, for the attack on this “‘no man’s land’ lies
with the gencral practitioner, in his eapacity as euardian of the child’s denti-
ton. Mis responsibility on hehalf of the c¢hild does not cease with the filling
of cavitics in teeth. X

The fourth question asked above concerns the adequaey of preparation of
the gencral practitioner for the broad task in hand. The tagk is one of main-
taining a continuity of normal arch development through the early recognition
of changes from normal and prevention of the effeets possibly arising {rom
abnormal conditions, by intercepting those early changes. This does not involve
orthodontic treatment. Malocelusion does not exist as yet. The cducation of
the student of today must be such that the graduate of tomorrow; as a general
practitioner, will he capable of fulfilling his obligations to his young patients
in a eomplete preveniive program. Herein lies the necessily for a cooperative
effort by teachers in orthodontics and pedodontia in the training of the general
pracilitioner.

TITE GENLERAL PRACTITIONER

The general practitioner is a much-abused and harried professional man.
Tle is expected to be a good general diagnostician, conservative operative dentist,
prosthodontist, periodontist, endodontist, pedodontist, exodontist, preventive
dentist, to have some knowledge of orthodontics, and he an economist of sorts,
at least that he may make adequate returnsg to the income tax authorvities. All
this the general practitioner is expected to accomplish in spite of the faet that
his education has been a bit Jopsided in favor of restorative technique. Indeed,
he is truly one who knows “‘less and less about more and more.”’

To the previous formidable list of accomplishments, we now add the neces-
sity for the general practitioner to be very observant, and conquer a “‘no man’s
land.”’ Let us call it the field of “prophylactodontia.”’ Prophylactodontia ac-
cording to my dictionary is the art and science of ““advance guarding of the
mouth and teeth by preventing disease, malpositions and deleterious influences”
(Ottofy).

I am not in favor of the terms which have heen commonly used, namely,
““interceplive orthodonties™ and ““‘preventive orthodontics,”” hecause they im-
mediately, psychologically at least, suggest the field of orthodontics, and relieve
the general practitioner of his responsibility.

2
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Prophylactodontia covers a very hroad field including any or all prophy-
lactic measures necessary 1o the safeguarding of oral tissues against discase and
‘other disturbing influences. Therefore, it includes:

a. Dental caries

b. Discases of solt tissues

¢. Incipient changes which may lead to maloeclusion,
c.g., hahits, cte.

Broadly speaking it involves observation of eonditions and influcnces affecling
the oral structures and inlerprelation of the cffect of these condifions in terms
of future developments.

Observation of conditions present will hest be made by a careful examination
of the oral cavily and its environment. The examination of the mouth of the
child by the general practitioner is not always adequate. It should he 8y~
tematic and all-inclusive.

In logical order, the following phases should be compldted :

1. Physical status and general appearance of the child
2. Vestibule of the mouth

3. Oral cavity proper

4. Miscellancous factors

Some of the points or conditions which are most important if the general
practitioner is to intereept incipient changes from the normail include recog-
nition of: premature loss of deciduous teeth, over-retained teeth, congenitally
missing teeth, supermumerary tecth, impacted {eeth, habits, uneven absorption
of roofs of tecth, effect of poor operative restorations, nutritional disturbances,
metabolic disturbances, tonsil and adenoid enlargements, oeclusion of posterior
teeth and cusp relationship, overbife, retained deciduous roots, the eruption pat-
tern and its influences, and many otlers.

The interpretation assigned 1o any abnormalities found will he dependent
upon the education and experience of the dentist,

EDUCATION

The objective of dental edueation of the general practitioner in the field of
prophylactodontia is that he may fulfill completely his obligation 1o his ehild
patients. Does dental ceducation as presently aceepted completely satisfy the
requirements in this field?

It is Jogical that the dental student should he educated, firstly, {o know and
undersiand fundamentals of growth and development of normal struetures in
the dental field.  This includes embryology, anatomy, and histology, both gen-
cral and dental, not as individual subjects, but as integrated phases ol the study
of the living organism as a whole.

The second phase in dental education should he direeted toward the main-
tenance of normal struetures in physiologic health. This ineludes biochemistry,
physiology, and preventive dentistry, again not as individual subjeets, hut as
they relate to one and the same living organism, with all its individual units.

3



When a knowledge of growth and development is mastered by the student
and the proeesses of funetion are understood, it is more likely that carly changes
from the normal will be recognized, either as the change all'eets one minute part
or the whole, and preventive measures will he possible,

The ficld of prophylactodontia is dependent vipon this hroad foundation
outlined above and not upon the individual efforts of prevention ol the various
groups working separately.  The responsibility for the field of prophylacio-
dontia rests with the general practitioner, who is the guardian of the child's
dentition.  Me is dependent upon his own powers of observation and upon the
combined cfforts of all groups for his edueation which he wust apply in the
inferpretation of his findings.

CONCLUSION

When this rather idealistic objective is attained for the general practitioner,
a significant new cra will have dawned for the dental profession, an era of true
prevention, an era that will establish the position of the dental profession as a
true health serviee.
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:l N a recent issue! of the New

appears. an  cditorial entitled,
“Progress and Dentistry.”  The
Lditor draws an interesting com-
parison between human  progress
and the progress of the dental pro-
fession. 1 quote from this editorial
because it presents a filting intro-
duction to my remarks.

“Human progress is determined
largely by the changes which oceur
in  iwo {fundamentally  different
worlds. On the one hand is the
abstract world of ideas, the changes
taking place in our mental outlool,
our methods of thinking; on the
other hand is the material world, the
advances in technology and  the
science of materials. One of the
great problems ol the present age
iz the failure of cur mental outlook
to keep pace with the great material-
istic changes  which  have  talen
place over the last hundred years,

“The history of dentistry over

this period is i many ways the
history of the world in miniature.
Alany of the chunges that have
taken place in dental practice have
been due to the discovery oi new
materials and new techniques, but it
is doubtful if our ideas have kept
pace with the ever-widening {ron-
tiers of medical and dental know-
ledge.”

Hisrory oF OUR PROGRESS

Let us review very briefly the
remarkable progress of the dental
profession and dental cducation. In
a relatively short span of time the
dental profession has moved for-
ward to the present highly-developed
profcssional status; this progress is
to the credit of our far- sighted,
high-purposed predecessors. 1t is
generaliy recngnized that there have
been a series of well-defined stages?
in the progress of the profession
through the past century. The
first stage, up to and including the
1840’s, was concernéd with the re-
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lief of pain. 1t is significant that
in this period dentists were closely
associated with the development and
use of anaesthetics. Yducation, at
the professional Jevel, was almost
non-existent in the first stage, but
became more positive during {he
rather long sccond stage through the
period 1840-1900.  This sccond
period has been referred to as the
era when apprenticeship flourished,
and the practice of a craft was the
prinmie objective,

Great strides in the development
oi dental education at the profes-
sional level took place in the third
stage, from 1900-1920. 1In no small
measure the coneept of focal sePsis
introduced by Wiiliam Hunter in
this peviod contributed to (he de-
mand for knowledge in the medical
sciences  (Anatomy, Bacteriology,
Physiolagy, ete.) in the dental edu-
cational curriculum.

A fourth period, from 1920 1o
the present time, has witnessed the
development of a broadening con-
cept of early recognition and treat-
ment of dental discasc, Through-
out this development the skill of the
profession in restorative dentistry
hits been continually advanced, Per-
haps it is safe to say that to-day
this skill and proficiency at the
technical Jevel has outdistanced our
knowledge of the cause of dental
discase.  The dawn of a fifth stage
appears to be at hand, in which
increasing knowledge  of  dental
disease will lead to the development
of means of pre vention; this in turn
will result in he practice of den-
tistry and dental cducation chang-
ing more in the next twenty-five
Years than it has during the past
hvndred.

Dexrar Ipucation Musr Give
LEADERSIIIP IN 101 JEXTENSION
or PrevexTivE TRENDS

The leadership given by those
responsible  for dental  education
during the present transition stage
must be positive and perhaps bold,
but at the same time always aware
of the fact that preparation of den-
tists to fulfil the ewey ~increasing
needs of service is also of eqital
importance.  Within this transition
period, and during the expansion of
the preventive trend, there appear
many  special projeets for denfal
cducation, cach important to the
ullimate composite pattern, and cach
to be co-ordinated with the other.
Foremost among these projeets are:

(1) Revision of the undergradu-
ale curriculum,

(2) Preparation of dental teach-
ers,

(3) Turther collaboration belyween
dental and micdical teachers
i the ficld of oral medicine.

(4) Lxpaunsion of the graduate
program, .

(5) Greater awarciess for the
need and development of re-
rescarch.

REevisioN or 1 UNDERGRADUATE
CURRICULUM

If we examine, critically, the cur-
riculum of the majority of dental
schools to-day, we are impressed by
the fact that techuiques overbalanice
the biological sciences.  This un-
balwnce is not so much in evidence
in the number of hours devoted i
cach subject, Lut ratlier in the rela-
tionship of once subjeet to another.

Al the outset, it scems logical that
the dental student should be edu-
cated first to know and understand
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the fundanientals of growth and

development of the pormal human

structures within his field.  An un-
derstanding of the abnormal must
be prefaced by a thorough know-
ledge of (he normal, and how the
normal developed.  This includes a
study of the subjects of Anatomy,

Tmbryology, and Histology, both
general and dental.

“The second phase in dental edu-
cation must be directed towards
maintenance of normal structures in
physiological health. The subjects
relative to this phase are: Biochem-
istry, Physiology and Pharmacology.

A third phase follows, in logical
order, namely, when failure to main-
{ain structures in normal health re-
sults in lowered resistance and dis-
ease, causing a breakdown.  The
subjects pertaining to this phase
are: Dacteriology, Pathology, and
the allicd clinical sciences of Medi-
cine, Surgery, ele.

A fourth and final phase involves
repair and restoration, so essential
fo health and happiness.

In reviewing the present outline
of the dental curriculum superh-
cially, it might, perhaps, be siid that
the foregoing is basically the order
followed at present, and that, rela-
tively speaking, the number of hours
spent in cach subject 1s satistactory.
On the other hand, there exists a
preponderance of techniques in the
carly ycars (essentially a repair
process), at a time when instruction
in “normal” and maintenance of
“pnormal” is of prime importance.
Turthermore, the relationship of the
physical and medical scienees in the
early years to clinical teaching of
later years needs critical examina-
tion if maximum correlation be-
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tween these sciences and  clinical
practice is to be achieved.  How
best to accomplish this desivable end
is 2 major problem, and one involv-
ing the selection and preparation of
teachers.
SELECTION AND PREPARATION OF
TEACIIERS

What special qualifications should
be possessed by a dental teacher?
Who should teach dentistry? Thesc
questions have been asked over and
over .again.  There ave those who
advocate that the dental teacher

should have proven his clinical abil-

ity in practice, and then again there
are those who believe that “being a
good dentist is not a sufficient qual-
ification alone for a teacher in den-
{istry.”  Perhaps we can agree that
we are “beginning to realize that
the dental teacher must keep in mind
not only the achicvement of the
student in requisite skill, but also
his achicvement in fundamental
knowledge of his subject and the
development of desirable attitudes
towards his profession and seciety
in general.”

Our professional status i5 hound
inevitably to our education, and not
merely to our skill in techniquies.
An instructor must demonstrate
well-developed skill, and be equally
capable of correlating the pre-
clinical sciences with clinical prac-
tice. e is required to stimulate
students to develop desirable scien-
tific, professional, and social atti-
tudes.  Such a man, you may say,
is a superman; he does not exist,
.nd even if he did, he could not be
attracted to the less remunerative
ficld of teaching.

It is my belicf that there are

many men who possess these quali-

fications, and that an cflort to help
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them beiter prepare themselves for
teaching will pay haudsome divi-
dends. Dental teachers, particularly
in the clinical subjects, should be
encouraged to devole cnough time
(approximately hali-time) to teach-
ing and rescarcl, so that the maxi-
mum continuily in their teaching is
possible, but at the same time main-
tain a contact with private practice.

The preparation of instructors
along the lines suggested .must be
supported by a vigorous programme
of fcllowships, providing the neces-
sary financial assistance for pro-
longed study (one or two years) at
the graduate level. A new environ-
ment in which graduate study is
undertaken is most desirable.  Ttur-
thermore, the expericnce gained in
practice for a year or two after
graduation, prior to the. period of
graduate study, provides the right
perspeetive  for  continued  study.
You may say that such a programnig
of teacher preparation is most diffi-
cull to arrange, and yet fo-day we
have three young teachers from the
Dental Taculty away on a one or
two yecar graduate programme, two
of whom have left fine practices in
the hands of capable recent gradu-
ates, who themselves may later pro-
ceed with graduate study when they
relinquish their present responsibili-
ties and junior teaching posts. This
programime of teacher advancement
is being aided at present by the
Kellogg Toundation, and is vital nol
only to undergraduate teaching, but
also to graduate education and re-
search with'n the TFaculty,

Onc of the objectives envisaged
for this teacher-training programme
is better correlation of preclinieal
and clinical instruction in the under-
graduate course.  For example: an

instructor with a dental background
who is well trained in one or more
of the fundamental sciences (medi-
cal or physical), c.g., Anatomy,

might assist those responsibie for

teaching anatomy (o dental students,
suggesting  occasional  illustrations
which would give the deatal student
a keener appreciation of the subjeet
and its importance to dentistyy, at
a time when the student has little
awareness of the relationship of
that subject to clinical dental prac-
tice.  Thus, if during the course of
the anatomical structure of the
retromolar triangle arca and the in-
ternal surface of the ramus of the
mandible, the student were given
some explanation of the mandibuiar
injection, his interest in these sfruc-
tures would surely be stimulited.

Many other examples of the ap-
plication of the knowledye of ana-
tomy could be cited; however, lest a
false interpretation should be as-
signed to the purpose of correlating
the preclinical teaching with the
clinical, let me lasten to state that
it is not desirable that applied ana-
tomy should replace fundmnental
anatomy.

The effort to correlate the pre-
clinical instruction with the clinjeal
must not end at this point.  The
same instructor is important in the
clinical  department, applying  the
knowledge which the student has
obtained in the preclinical years {o
clinical practice. Anatomy is but
one of the many cssential hasic
sciences in the dental curriculum
which must receive similar atlen-
tion.  When the time comes in
which the preclinieal teaching of
Anatomy. Histology, Bacteriology.
Biochemistry, Pathology, Pharsia-
cology, Physiology, ete., is more
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closely corrcluated with clinical prac-
tice, a great step forward will have
been made i dental education, This
development will inevitably contri-
bute to the gencral preventive trend

of the fifth stage hi the history of

dentistry.
Tue Deveroraient or ORraL
Mrepiaing

Closely associated with the pre-
ventive trend is the ever-increasing
consciousness on the parl of the
dental profession and other groups
that we are part of a great health
service, and that our responsibility
in this regard is well defined.

The late Dr. C. dMayo alluded Lo
the wnportance of the mouth m its
relationship to general physical well-
being when he said, “Human life
might well be extended ten full
vears through dentistry alone.”

I we accept the challenge 1ssued
in these words of Dr. Mayo, then
there miust be developed closer col
laboration  between  dentistry  and
medicine in teaching oral medicine
to both groups of students.

Another authority has  stated,
“The mouth i1s often the baromeler
of general health conditions.”  The
wisdom coutained therein is sup-
ported by unmistakable clinical evi-
dence.  The carly manifestations of
various vitamin deficiencies, blood
dyscrasias, and other general sys-
temic conditions appear in the oral
cavity. The dentist must be broadly
trained in oral medicine, and there-
fore capable of rccognizing discase
of the mouth In its incipiency. This
grave responsibility of dental edu-
cators cai only be met if the clinical
and laboratory facilitics of teaching
hospitals are readily available.

During the past few months the

Pental Scervice at the Toronto Gen-
eral Hospital has been established
as a teaching service, on a sunilar
basis to the other services in the
hospital.  The TFaculty of Denlistry
has at its disposal the facilities of a
great teaching hospital, and dental
students may receive instruction in
the hospital, through the dental ser-
vice.  The integration of this new
sct-up into the undergraduate cur-
riculum is an imporlant step in the
gencral plun for dental education.

GrapuaTE AND Post-GRADUATE
LpucarioN

The Faculty faces two real prob-
lems when we turn to dental educa-
tion at the graduate level.  These
are, firstly, lack of trained teaching
personnel, and sccondly, physical
accommodation.  Teaching person-
nel at the graduate level must be
experienced and capable of giving
advanced wstruction, as  well as
stimulating the students to scarch
out knowledge for themscelves. The
same programme for tcacher-train-
ing for the undergradeate will in-
dircctly aid in graduate instruction,

The problem which is most seri-
ous within the Facully at the pre-
sent time, when  considering  the
graduate programme, is the physical
accommodation available. 1t is ex-
tremely  unsatisfactory to super-
impose graduate or post-graduate
mstruction on the undergraduate
course, because it causcs serious
disruption of the latter, and failurc
to reach the objectives set for grad-
uate attainment. Graduvate and post-
graduate nstruction in praclically
all departnients has become increas-
ingly difficult, while present under-
graduate classes are overcrowded.
However, there is hope that the per-
sonnel situation will improve as the




54 The Tournal of the Oniario Deital Association

teacher-preparntion  programime s
expanded, and it is not without rea-
son that we look for some slight
improvement in the matler of ac-
commmodation in the near fulure,

When conditions are slightly more
favourable it is expected that courses
of various types will be offered on
a schedule planned and announced
far in advance.

Expansion or RESEARCIL

Any deparlment within the Ifac-
ulty of Dentistry which is not con-
ducting original investigation is
spiritually dead.  We tecach to-
morrow what is investigated to-day.
All members of the staff who are
devoting onc-third to one-hali of
their time to teaching should be pro-
vided with some (approximately
20%) free time, during which they
may couduct and direct original in-
vestigations. The strenglh of our
academic institutien depends largely
upon the staff and the calibre of
the teaching personnel, and to a
lesser extent on the physical facili-
ties.  However, if the physical
facilities are woefully Jacking, the
most dctermined investigators are
frustrated, and men of promise can-
not be attracted to an institution
which is so handjcapped.

The bottlenccks hindering original
investigation to-day arc personmnel
and accommodation. Again we look
to the teacher-training programme
to aid in the matier of personnel,
but the matter of accommodation is
more serious. There is evidence of
increasing financial support being
available for the support of research
projects, once men and accommoda-
tion are available, and in the mean-
time we must do the best we can
under the circtunstances.

Ty Prvysicar NEEDs or 7iIs
Facurry or DENTISTRY

The building occupied at present
by the IFaculty was built in 1909,

Dental cducation is looking ahead,
and will perhaps change more in the
next twenty-five years than it has in
the past 100 years. Those institu-
tions with vision and initiative, and
which are unfettered by the limita-
tions of the past, will lead the way
in this forward movement.

The Faculty of Dentistry of this
University must give leadership in
dental rescarch, specialist training,
dental public health training, and
graduate and undergraduate educa-
tion.

The Taculty has established an
international reputation, as  evid-
enced by the presence of students
from the following countries in the
1946-1947 scssion: Australia, 24;
Iingland, 3; Scotland, 3; and one
each from the British West Indies,
China, Norway, and South Africa.

For this high calling the present
dental building is not only physically
inadequate, but outmoded in view
of present trends,

A new building of 100,000 square
feet of floor space in close proxim-
ity to the teaching hospilals is im-
perative. '

In conclusion, let me quote again
from the writings of Dr. T. C.
Blegen, Dean of Graduate Studies
of the University of Manitoba, who
expresses for me the thought I
would Tike to leave with you, in
these words,® “One of the para-
mounts needs in dental education,
as in every other kind of profes-
sional and advanced ecducation, is
for the facalties and the practition-
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ers to align themsclves courageonsly
with the forward march ‘of their
profession, to co-operate with the

leaders of vision who carry heavy

responsibility to insist upon and not
retard the reforms and advances
{hat linle the profession with the
future.”

1. ]!Id.iiori:d: «Now YVealand Dental Journal,” July, 1947. o
o P, ¢ Blegen: Mandamentals of Graduale Fducation, “J. D. Education,

10:182: April, 1946.

NIAGARA PENINSULA

The Niagara Peninsula Dental
Association 1s enjoying a very fine
programme for the 1947-45 season,
with two Dinner Mcetings and a
Ladics’ Night having been held so
far.

The first Dinner Meecting was
held on October 10th, 1947, at the
ITotel General Brock, in Niagara
Falls, with the DPresident, Dr. Don
Johnstone, of Niagara Talls, in the
chair, At this meeting Dr. C. H. M.
Williams, of Toronto, gave an ox-
cellent address on “Gum Recession
—Tts Causes and Treatment,” which
was well illustrated with lantern
slides. There were forty-five regu-
lar members present and  many
guests, including several  from
Hamilton, Ontario, Niagara alls,
and Buffalo, New York.

On December 6th, 1947, an in-
formal Ladics’ Night was held in
conjunction with the Supper Dance
at the General Brock IJotel in
Niagara Falls. This was the first
attempt at anything of its kind in
the histovy of the Association, and
though the attendance could have
been better, it was suflicient to war-
rant a repeat performance for next
year, anl certainly those attending
did have a good time. '

DENTAL ASSCCIATION

The second regular Dinner Meet-
ing was held on Friday cvening,
January 16th, at the Welland House
in St. Catharines. We had as our
clinician at this mecting Dr. Ralph
Peterson, of Minneapolis, Minne-
sota, whose subject, “Adutc Infec-
tions of the Face and Jaws,” was
excellently  presented and  very
clearly illustrated with first - rate
slides. Tifty members were present
irom all parts of the Peninsula, andl
their efforts were repaid by an
extremely fine Clinic.

Also at this meceting tribute was
paid to Dr. William Alexander
Macl.can, of St. Catharines, who
has completed over fifty years in the
practice of dentistry, Dr. Macl.ean
graduated in 1897, practised for
several years in Iamilton, then
moved 1o St. Catharines in 1902,
where he resided and practised ever
since. e was presented with a
Jeather card casc containing a silver
plague inscribed with an Honorary
Life Membership in the Association,

With the scason so far such a
decided  success, we have every
reason 1o believe that our next three
nicetings will prove to be just as
instructive and enjoyable.

V. B. SaearoN, Scerelary.
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DENTAL EDUCATION
AND
THE PROJESSION®

by ROY G. LLLIS, D.D.S, M.Sc. (Dent), FD.SR.CS. (Enp), Toronto, Ontario

AM deeply grateful for being given
M {he opportunity of sharing in the
festivitics as you celchrate another
important milepost in the short, but
progressive history of the Facully of
Dentistry, University of Alberta. I
bring you official grectings and felic-
jtations from a sister school, and a
sincere expression -of goodwill and
good wishes for the future. The Dental
Faculty is indeed fortunate to have
the sympaihetic understanding and the
support of President Newton, the
Board of Governors of the University
and ihe Provincial Governmeni. There
is a tangible evidence of the magnitude
of this support in the elaborate new
facilities which have been placed at
disposal. The University in
{urn, is fortunate in having a Dental
Facully staffed by such well trained,
virile, ambitious young men. It has
been a great pleasure and privilege to
hear their clinics and see them in
action. T am confident that the dental
profession in the Province of Alberta
will continue to witness a full measure
of success for this school in the years
{o come, under the very capable lead-
ership of Dean Scott Hamilton. Your
ever increasing strength has been and
will continue {o be a stimulus not only
to the practitioners of this province
and Western Canada, but also, to
dental cducation across the Dominion.
Indeed, your Dean, as Chairman of the
Council of Dental ‘Education of the

Scptember 21, 1048,

Canadian Dcental Association is giving
leadership in dental cducalion on a
national front,

As this is a gathering of dental
practitioners and members of the
IFacully, my remarks tonight might

be addressed to both groups. We have
reason 1o rejoice over the rapid pro-
gress which dentis{ry has made 1toward
the attainment of full professional
status. Butl lest we become complacent
and seclf-satisfied with our aitain-
ments, it is appropriate that we should
take cognizance of the opinion ex-
pressed recently by a mutual friend
and collcague from the Xast coast,
namely, Dr. W, Woodbury® {({ormerly
who cxpreszsed the
view that, “Perhaps the best that can
he said for dentisiry today is that it
is a learning profession. If it is
determined to keep on learning it may
become a learned profession in time.”
Some concern and apprehension is in
evidence lest we are not ascribed our
rightful place among the health pro-
fessions. Furiher progreés toward
the atiainment of this objective
depends on the willingness and eager-
ness shown by practitioners and den-
{al educators alike, to accepl new re-
sponsibilities and mnew challenges
which lie before us in the health field.
It would not be healthy for cither
group to lead the way alone. As T. C.
Rlegen,” Dean of the Graduate School
of the Universily of Minncsola said,

sProsented at the Opening Ceremonies of the new Dental School, University of Alberta,
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“One of the paramount needs in dental
cducation as in every other kind of
professional and advanced educition
is for the faculties and practitioners
1o align themselves courapeotsly with
the forward marvch of their profession,
to cooperate with the leaders who
carry heavy responsibility, to insist
upon and not retard, the reforms and
advances that link the profession with
ihe fuiure.”

Perhaps we, in denial education have
not always kept you informed regard-
ing trends in education. 'This meecting
and the activities of the past foew days
provide substantial assurance of con-
{inuing cooperation between organized
dentistry and the dental TFaculty. 1
am convinced that you regard the
Dental School at the University as a
friendly, hospitable home for you to
visit; a place interested in its
graduates and ready and cager 1o
make a contribution toward ihe
advancement of the profession. T am
also confident that your inferest and
concern for its well being are vital 1o
its fulure. “It is almost axiomalic
that a dental or medical school must
have the support of the alumni and the
profession if it is 1o survive.””

If the spirit moves you, you will
find many worthwhile opportunilies 1o
be of assistance to your “Alma Mater'.
To mention even a few of these oppor:
{unities to this audience would be
presumptuous on my part.

The history of dentisiry during the
past 100 years Jias been sketched by
Dean Willard C. Fleming* of Cali-
{fornia, as having advanced t1hrough
four eras; namely

(1) relief of pain N

(2) restoration of teeth

(3) the elimination of infection, and

(4) the control of disease.

Dental education has been to the
forefront in the last two stages and
will perhaps, to an increasing degree
guide the course of the profession into

the fulure. As knowledge of the
secrcts of “‘good health” and the
causes of incipient dental discase 1is

made available by research, the devel-
opment of effective preventive meas-
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ures, will result in radieal changes
heing necessary in dental cducition,
and the practice of dentistry. Theve-
fore, future advancement of the pro-
fession toward more active participa
tion as a health profession depends
pol on  inereasing  treads tonvards
specialization; and not on the develop-
ment of more refined technical and
clinical procedures, (admirable and
necessary though they may be), but
rather on Lhe degree to which true
preventive procedures become routine
practice. Such a trend would introduce
a fifth era of dentistry, directed to-
wards the preservation of “TPositive
Dental Health.”

On examinalion, the structures of
the oral cavily may give cevidence of
“positive health” or “pegative health”.
«positive health” might be defined
very simply as good heallh, which im-
plies normal anatomic form, adequate
reserve resistance and vitality, and
general functional well being. “Nega-
tive health”, on the other hand, em-
braces oral discase and dental defi-
ciencies, in varying degrees. The
oducational preparation for ihe ‘“nega-
tive health” program includes a study
of structure (anatomy, and histology);
the aeliclogy and diagnosis of discase,
{bactleriology and pathology); the
eradication of disease and restoration
of affected parts. If we examine
critically the curriculum of the major-
ity of the dental schools today, we
must realize that the student is

educaied primarily to cope adequately.

with ‘“megative dental health”. This
is a worthy cbjcctive, but I venture to
say that it cannot remain as the com-
nlete objective in the future. It is
little wonder then that a very well
known lay writer, who was engaged
recently io portray the scope of-den-
{istry and dental education, commenc-
ed his article with this cryplic, mean-
ingful sentence, “pentistry  is  all
surgery”. Perhaps the term “dental
surgeon” which was once 50 accepiable
to the dental profession may yet em-
barrass us in the future.

When the late Charles H. Mayo
said, “Life might well be prolonged ten
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full years through dentistry alone, I
am reasonably suwre he was not think:
ing in terms of restorative servicee or
other palliative measures designed 1o
alleviate pain and the climination of
infection and discase which is already
well established. T believe he envis-
aged a day when the dental student
would be engaged in the study of the
biological sciences, primarily o enable
him to understand the seerets of good
health in the oral fissues thoth teelh
and supporting structures); and when
the graduale would he actively engag:

ed in the practice of safeguarding

“positive dental health.”

When an oral examination is made
of a mouth which appears superficially
to be in good health, perhaps we arc
tempted to be very reassuring about
{he future prognosis. All too {requent
ly time and hidden forces are unkind
to us and rapid retrogression from
positive health to mnegatlive health
oceurs. The factors which disturb the
delicate balance determining the one
state or the other, may be minor, en-
vironmental or systemie; they may be
Jocal or general Local influences
include such simple changes as the
loss of a conlacl point between teeth:
the accumulation of a small piece of
caleulus in the gingival sulcus and
many others.

More complex Jocal disturbances
such as general occlusal derangement
may result in trauma of the whole
dental mechanism.

General influences are associated
with changes in general physical
health. Perhaps there is a great deal
of truih in the statement that “The
mouth is often the barometer of gen:
eral health conditions.” The wisdom
contained therein is supported by un-
mistakable clinical evidence, eg. the
early manifestations of various vita-
min deficiencies, blood dyscrasias and
other general systemic conditions often
appear very early in the mouth.

Jf the mouth tissues do refleet. like
a sensitive mirror, the general physi:
cal wellbeing, then the physician’s
interest in the tongue as an indicator

“of disturbed health, should be paral

leled by the dentist’s consciousness and
understanding of incipient chianges in
the hard and soft tissues of the mouth.
The whoele field of “oral medicine”
presents a greal challenge to the den-
1al profession and a preat opportunity
in the public health field. No longer
ghould we accept the term “dental
surgeon,” we  must hecome “dental
physicians” as well,

While it is acknowledged that den-
tal deficiencies and oral diseasc are
scldom alone responsible for death and
it is cqually true that it is impossibie
to evaluate the contribution which
dental infection may make towards
systemic  discase, nevertheless  the
prevention of oral disease is the dental
professions positive approach to its
obligations in public health services.

The greatest contribution which
dentigtry ecan make as a health pro-
fession must come through aclion
directed towards safeguarding “posi-
tive health.,” On this contribution our
status as one ol the important public
health professions, may well rest.

“Positive health” of the oral tissues
malkes = possible normal masticatory
function, good cating habits, good
nutritional status, and the initiation
of normal digestive processes, besides
{he absence of oral infection.

Preventive Dentistry in its broadest
sense, which has “positive health’” as
its supreme ohjective, might be termed
the field of Prophylaclodmﬂia. It em-
braces all aspects of our present
knowledge relative 1o the preservation
of good health and must ultimately
incluae presently hidden truths which
will be added to our knowledge as they
are revealed to us. through biological
research. 1f more of this research
were devoted lo the positive approach,
ie. seeking an answer to the factors
which constitule fmmunity in the im-
mune, rather than studying disease
itself, perhaps more progress might be
made.

An adequale training for the dental
undergraduate ciudent suflicient to en-
able him upon graduation 10 practise
Prophylactodontia with  confidence,
must be founded ona revised approach
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to the teaching of such biological
sciences as Biochemistry and Oral
Physiology. Do not misunderstand
me—1 am not suggesting for a
moment that we discard the teaching
of fundamental Biochemistry and Phy-
siology. These subjects and  others
are essential biological sciences in the
dental curriculum. My opinion and
that of many of my associates in
dental cducation is that the applied
aspects of these subjects must  be
taught in such a way by dental tcach-
ers, that they become living {(ruths,
essential 1o service. I hope to sce the
day when a denial teacher with the

necessary fundamental knowledge and

clinical ability, will teach applied bio-
chemistry, applied physiology, applied
anatomy, ele., and correlate these sub-
jecls with clinical practice. This at
once places new demands on dental
teachers. There are those who advo-
cale that the dental {cacher should
have proven his clinical ability in prac-
tice, but there are those who believe
that “being a good dentist is not suf-
ficient qualification alone {for a
{eacher in dentistry.” I believe that the
dental {eacher must have established
his abilily as a dental practitioner and
should have more than average knowl-
edge of the fundamental scicnces,
(whether they be bhiological or basic
sciences) upon which the subject he
teaches is dependent. so that he may
apply the science of dentistry to the
art of his profession.

In addition to possessing a command

" of the Science and Art of his subject,

ihe teacher should be devoted 1o those

* he leaches and imbued with the spirit

of research. Through his teaching,
his personality, his sincerity, he must
nurture in his students good judge-
ment and professional skill; a love
for truth for the sake of {ruth; a
measure of seli-discipline; the ability
to think and the development of desir-
able attitudes towards the profession
and society.

If the education of dental students
is directed overwhelmingly in lerms
of the "art” of dentistry, we fail 1o

by

Fl

maintain  dental  education at the
University level

As we reflect upon some of the
thoughts which I have expressed thus
far, we might truly join with Dean
Fleming® when he asks the question,
“How can we hold on {o all that has
been accomplished in the past, and at
the samec time prepare our students
for the future.”

The curriculum in most dental
schools is now overerowded. It is un-
thinkahle to attempt {o superimpose
new requirements on top of the cur-
riculum of today. Kurthermore, it is
doubtful whether the addition of an-
other vear to the course is feasible for
social and economic reasons.

Perhaps we have rcached the place
where we must revise the curriculum
so that the undergraduate student
would get a sound basic course, both
didactically and clinically, leaving
some of the professional, skill (as in
medicine) to be obtained after gradua-
tion, perhaps through a year of inlern-
ship, prior to entering practice. Such
an cxperience would broaden the
voung graduate’s viewpoint of dental
public health concepts and cnlarge his
knowledge of “oral medicine”. This
thought is not new, and has been given
some consideration in recent years by
those who are most alert to the fulure
responsibilities of the dental profes-
sion.

Already two large and well known

. dental schools have sought to meet

the situation by closer association with
the medical school. I fully expect that
there will be other Harvard's and
Columbia’s, as other groups work out
the destiny of dental education as they
see it

There is a glorious opportunity for
the development of a distinetive Cana-
dian pattern in this field. Perhaps the
Council on Dental Education of the
Canadian Dental Association will give
the leadership and with the coopera-
tion of all Canadian dental schools,
evolve a program io meet the chal-
lenge presented by a changing social
order.
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What greater cooperative enterprise
could the profession of dentistry
through its National organization, and
cducation at the University level,
through the Dental lfacultics across
the Dominion, embark upon, working
together in the true spirit of research,
which is that spivit which strives 1o
make things better than they are, for
the sake of all humanity.
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The Limitations of & Trons

tion Pertod®

by ROY G. ELLIS,} D.D.S., M.Sc. (Dent), F.D.S.R.C.S., Toronio, Ontario

JYHE ROOTS of modern dentistry

L grew slrong during (he 18(h cen-
tury.  The ingenuity, knowledge and
skill of one man were in no small
measure responsible for the course
those roots were to follow in the future.
In many respects the season was
favourable for their nourishment, but
it required the creative genius and pro-
fessional integrily of Pierre Fauchard
to shapc the roots from which dentis-
try has sprung during the 19th and
20th cenfuries,

A review of the progress which den-
tistry has made since the end of the
18th century reveals four transition
periods. ¥rom each of {hese four pe-
riods there emerged significant contri-
butions which have been enlareed and
perfected by the rescarch and labowr
of devoted scientists and professional
men. Today these contributions are
embodied in the practice of dentistry
for the benefit of mankind.

It is obvious that we cannot be too
arbitrary in defining the boundaries
of a transition period. History proves
that a new development often fakes
decades and even centuries to evolve,
although a distinct era may be noted
during which the resulls of the evolu-
tionary process are most significant.
History also establishes thal advance-
ments are offen restricted by limita-
tions during the formative stages.

THE FIRST TRANSITION PERTOD
The first of these transition periods

was concerned with the elimination of
pain. From the writings® of the 17th,
18th and the carly decades of the 191h
centuries it is evident that there was
increasing awareness of the suffering
associated with dental discase and its
treatment. Far iHustration of this fact
we need only recall the artists’ carvica-
tures and prints coming down from the
past. The long record of strange reme-
dics that were offered 1o relieve suffer-
ing, reveals the effort that was made
toward the elimination of pain, but the
discovery of anaesthesia by Horace
Wells in 1844 marked the first success
of this effort. This brilliant achicve-
ment established a landmark, the first
in a series of notable advances {oward
the elimination of pain in e practice
ol dentistry.

Scepticisin and superstition had sur-
rounded the wuse of sleep-producing
drugs. Therefore, Horace Wells’ suc-
cess was all the more remarkable be-
cause of the discouragements he had
suffered at the hands of scientists and
members of his profession. Just a few
years before Wells introduced nitrous
oxide as a general anaesthetic, a well-
recognized surgeon of the day had
writlen: “The escape from pain in sur-
gical operations is a chimera which is
idle to follow up today.” While it may
be said that the first transition period
ended {riumphantly, the animosity and
bitterness of the period, and Wells' un-
timely suicide, focus only oo clearly

“Prcscntc(; as a Luncheon address at the Onlario Dental Assoclation Conventlon, May, 1952,

tDean, Facully of Dentistry, University of Toronto
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the constraints which bedevil the pro-
cess of evolulion.

T SECoOND TRANSITION DERIOD

Developments in the second halfl of
the 19th century warrant the hislo-
rian’s deseription of this peviod as the
“era of technological developments.”
Many factors influenced the surge for-
ward in the adaptation and discovery
of malterials, instruments and tech-
niques in restorative dentistry. It suf-
fices o relate brielly a few of the most
significant contributions of the period.
There was the introduction of cohesive
gold foil in 1835; the use of the rubber
dam in 1864; and in {he same year the
use of vulcanite for denture construc-
tion; the invention of the dental en-
gine followed in 1871; and the long
turbulent course of the in{reduction of
silver amalgam which ended in its
recognition as a restorative filling ma-
terial in 1885 following G. V. Black's
memorable scientific work. Wm. H.
Taggart’s introduction of the casting
technique came at the end of the sec-
ond period.

Again, many limitlations delayed pro-
gress during the 50-year technological
transition period. The “amalgam war”
which emanated from the undesirable
properties of the carly silver amalgain
and the unscrupulous exploitation of
this material by some members of the
proiession of that day delayed {for
nearly 50 years the use of this valuable
restorative material. The use of vul:
canite material was delayed for twa
decades because of restrictions over
patent rights, These two inciden{s are
good examples of the “modus operandi”
of limiting factors during a transition
period.

Tupe Tiuirp TRANSITION PERIOD

Just before the end of the 19th cen-
tury (1895 {o be exact) a German pro-
fessor at the Universily of Wurtzburg
gave 1o the world the x-ray tube. With-
in a few months of Conrad Roenigen’s
amazing discovery the first roentgeno-
grams of the teeth and jaw were made.
It was thus made possible to record

R0 H IS S SN O SNSRI R P PR

shadow pictures of the varying densi-
ties of teeth and bone, and it was recog-
nized thal variations in density could
be caused by disease.

About the same time, the possibility
to which others had alluded previously,
that discase in the mouth might have
an cffect on the general health of the
individual, was the subject of an ad-
dress by an English physician, William
Hunter, at McGill Universily, in which
he referred to the ingenious metallic
restorations used to prescerve {ceth as
heing “mausolcums  of gold aver a
mass of sepsis.”

These two developments contributed,
during the first two decades of the 20th
century, to the intensification of cfforts
to eliminate infection from the mouth.

Unfortunately, a great controversy
developed which soon iitvolved both the
medical and dental professions and the
climination of infection ran wild. Be-
fore this transition period settled
down, many tecth were removed in-
discriminately by order of physician
and dentist, frequently without evi-
dence that they were infected or were
contributing to ill health.

TaE FourTil TRANSITION PBERIOD

The {fourth era, the one in which we
are mow Yving and which is so dlose
at hand that perhaps we are not in a
position to evaluale it at this stage,
has been directed toward “early recog-
nition and early treatment” of dental
disease. This transition period received
new impeius immediately following
World War I, when socially-minded
individuals placed great cemphasis on
child welfare. In November 1930
President Hoover called a conference
in Washington which became known
as the White House Conference on
Child Health and Protection. President
Hoover® announced that the conference
had been called “To study the present
status of the health and well being of
the children of the United States and
its possessions; to report what is being
done; to recommend what ought lo be
done and how to do it.! A few ycars
later the economic depression of the
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Thirties found some dental practition-
ers with free lime which (hey were
willing to devote to children.  Other
factors have probably conlributed 1o
the movement which  emphasized
“early recognition and carly treat-
ment” of dental discase.

But there were yestraints during (his
fourth transition period.  Important
among these was the Jimited coverage
of dentistry {for children in dental
schools of the day. Wm. Gies in his re-
port® (1926) stated that only four den-
tal schools offered dentistry forr chil-
dren in the curviculum. In 1928 seven
schools listed courses in pedodontics,
and by 1936 the number had visen to
42. And although education in dentis-
iry for children has received increased
recognition in denfal schools, apathy
on the part of {oo many dentlists to-
ward the child patient has continued
lo restrict the treatment so wrgently
required by them. One further limita-
tion may be cited in the fourth transi-
tion period. It is the enormous backlog
of need for dental service by all groups
of people, but especially for children.

If we have learned anything from
this brief review of the development
of dentistry it must surely be that most
of the important contributions to the
practice of dentistry as we know them
today emanaled fivin the past alier
withstanding many and varied lrials
and limitations which took a heavy toll
from those who were in the vanguard.
You might well ask if there is a lesson
in all this for the future.

With ever increasing frequency we
are being admonished by speakers and
writers on every hand that members
of the dental profession must become
more “prevention minded.” Willard
Fleming,' Dean of the Faculty of Den-
tistry, Universily of California, and in
my opinion one of dentistry's keenest
conlemporary observers, expressed the
view recently that our new rvesponsi-
bility “is the prevention of dental dis-
case, and this js located along the road
to the future.” Dr. Gerald Franklin in
a paper® published in the February
1952 issue of the Journal of the Cana-

dian Dental Association stated in the
opening paragraph: “Prevention of dis-
case is the aim of all health services
and dentistry is increasingly concernced
wilh the prevention of dental discase.”
In an editorial” in the December 1951
issue of (he Jowrnal of the American
Collegre of Dentists we read the opinion
expressed that “we are now sccurely
within the field of ‘control’ (of dental
discase) with no small proportion of
‘repair’ waiting to be done. At the
same time we know aboul preventive
measures hbeckoning to us.”

These are bhut a few of the host of
such statements that pervade our cur-
rent literature. However, lest you are
mijsled into thinking that interest and
concern about preventive measurces are
recent developments I would remind
you that Hurlock ' in 1742 observed that
“havoc wrought by caries in the deci-
duous teeth was undoubledly due o
diet.,” John Baker' of PPhiladelphia in
1779 advised all his patients “Nover
suffer any of the aliment of food to
remain between your teeth after cat-
ing, especially if you have any carious
teeth;  rinse the mouth with milk
warm water after every meal.” HHow
up-to-date!

Perhaps we may take the liberly of
expressing the hope that future cvents
may prove that we have entered an
active transition period from which the
profession will ultimately emerge with
more cffective preventive measures.
Some of these measures are probably
already known to us. When the pages
of history are complele in relation to
this cra, perhaps 20, 30 or 30 years
from now, some of the following fac-
tors may appear in the record as the
limitations which besel the develop-
ment and assimilation of the preven
tive procedures:

LIMITING FACTORS

{1) The first limiting factor may well
be the accumulation of treatment re-
quired by the total population. Many
cxcellent attempts have been made to
present realistically the magnitude of
the problem associated with service
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need. The backlog plus the annual evolution of the preventive program?

increment being added by new disease
presents a stagpering potentiat need
for service. tven if totally effective
preventive measures were 1o bhe adopt-
cd tomorrow, nmany decades  would
follow during which the profession
would continuc {o meet ils respon
sibility in providing a “repair  serv-
ice” and at the same time assume
s new responsibility for a preventive
service. This shift in vesponsibility
will take place gradually and it will be
determined by the inlroduction of eftec-
tive preventive mecasures. At the be-
ginning of this century the medical
profession gave litlle time and allen-
tion to the healthy baby, but today it is
routine for mothers to take their babics
to the physician, to the pediatrician or
1o the child health centre, not always
because the babies are sick and need
the scrvices of the physician, but to
keep them well. A similar well haby
service aimed al keeping the child's
mouth healthy can be just as worth-
while economically to parents as the
preventive service provided by the phy-
sician, but we must first helieve in it,
oursclves. It is so easy for us lo be-
come overwhelmed by the demands for
{reaiment service at the oxpensce of
employment of preventive measurces.
Recognition of this limitation is our
immediate responsibility — it is the
responsibility of every dentist regis-
tered in this country.

(2) There is another factor which aug-
ments the treatment load and which
may some day be regarded as one of
the important limitations operating in
this period. A vast social and economic
levelling off process has been faking
shape in our civilization during the
last two decades. This equalizing pro-
cess has resulted in the so-called middle
class passing from a minority lo a vast
majority. It has created a new demand
for service from a larger group of the
population who ave potlentially able to
bear the cost of their dental {reatment
needs. Will the increased demand for
reparative dentistry created by this
levelling off process further delay the

(3) The effeet of the limitations of the
accumulated  backlog and  increasing
demand for treatment service may he
augmented by a thivd factor, namely
the worsening ratio of denlists to the
population.  IFigures released recently
by the Canadian Dental Association in-
dicate that while there was an incerease
of 886 dentisls in Canada during the
years 1935-1952, nevertheless, this was
offset by an increase in the population
which was proportionately greater. It
could well be that the shortage of
graduate dentists will be listed among
the restrictions operating during this
period. Increascd facilities for the edu-
cation and graduation of a larger
annual class of dentists and for the
{raining of dental hygienists arce
wrgently nceded. This need can only
be met in a new bhuilding, localed in
the vicinity of the teaching hospitals
and planined for the integration of
training of dentists with ancillary per-
sonnel.

(4) The aceeplance by the dental pro-
fession of ancillary personnel such as
the dental hygienist is vitally related
to the preventive program. Much time
and thought has been given to the em-
pleyment eof ancillary persoimel in the
dental office. Kvery study which has
been made indicates that the dentisi's
capacity to provide the health service
for which he is specially trained is
doubled or trebled when he employs
competent ancillary personnel. It is
incumbent upon dental schools to pro-
vide training for ancillary personnel
and an opportunity for graduates tlo
learn to ulilize the services of the
dental assistant, the dental hygienist
and the tcechnician. Our success or
failure 1o accept ancillary personnel
into the practice of dentistry in the
future is not unrelated io the discus-
sion at hand.

(3) A fifth limitation thal has made ils
appearance already in the world is the
tendency lo regard favourably the es-
tablishment of an all-embracing wel-
fare state such as the National Health
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Service of Great Britain. Under this
type of allinclusive plan  the  child
patient has heen virtually abandoned
and it is casy lo sce the cffect upon the
adoption of preventive measurces.

(6) What rescarch is to the develop
ment of now knowledge, dental health
education js to an cra of prevention. If
the knowledge we have available today
could be more clfectively communicat-
ed 1o every cilizen of this country,
through dental liealth education, the
results from the prevenlive standpoint
would he most significant. Tndeed, this
possibility may not be fully appreciated
by every dentist and therefore we state
emphatically that education of the
public and ecducation of the dentist
should go hand in hand, TFailure to
recognize this fact may introduce a
further limitation.

(7) It is logical that the child patient
must command a position of first
priority in the oflice of ihe general
praciitioner in an cra of prevention.
It js interesting to nole that the in-
terest in dentistry for children is be-
coming increasingly apparent as was
evidenced by the encouraging atlend-
ance at the mecting of the Canadian
Socicty of Dentietry for Children held
on Salurday, May 10, 1952, This trend
is the outcome of the inspirational
leadership of a few men who are mak-
ing a supreme cffort on behalf of the
child patient.

But as a profession we cannot afford
to become complacent about the pro-
gress already made. The child patient
must receive a still greater proporvtion
of the dentist’s time before we can
claim that apathy toward the child
patient has vanished and the preven-
tive era can move Jforward without
hindrance.

(8) There are many other factors
which might be considered among the
potential limitations 1o the transition
period ahead. Our present interpreta-
tion of a preventive program places the
responsibility for it on the gencral
practitioner. Therefore the multiplica-
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tion of the speciallies in dentistry
should give cause for consideration if
not coneern. We give due recognition
{o the important contribution the spe-
cialists make in the practice of dentis-
try today and we also yocognize that a
limited number of specialties will be
essential in a so-called preventive cra,
but there is danger in segmentation of
the prolession into move and more
speeially groups at the present time.
How casy it would be to misinterpret
the following statement which appear-
ed in a very recent issuc of the Journal
of the Canadian Dental Association:
“Prevention of malocclusjon is not ex-
clusively the responsibility of the or
{hodontist. It ig much more the
responsibility of the dentist.” We arce
convineced that the author did not in-
tend to imply that the dental profes-
sion now has a sisler profession of
orthodontics. Knowing the author of
the above statement and his views we
are further convinced that he would
endorse the following definition: “The
obligation of the profession to the pub-
lic is to help children grow up with
healthy mouths which will  stay
healthy.!” Suvely, this is the responsi-
hility of the general practitioner of
dentistry and this is the interpretation
we would give to the orthodentists
statement quoted above.

But we cannol leave the general
practitioner to assume such a dominant
role in the new age without consider-
ing one further aspect of 1his subject.
The knowledge and procedures relating
to practical preventive mcasures must
be well defined and readily understood
if they are to be applied in general
practice. This knowledge and thesc
procedures are ltoday scaltered through
the lJiteratlure, “in bits and pieces,” as
it were. At times it becomes confusing
as we stop to sift out opinions {from
statements supported by facts. There
is need for organization of this knowl-
edge in simplified form and clarifica-
tion of praclical preventive procedures.
Opportunities have been provided for
members of the profession lo keep
abreast of new knowledge and proce-
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. durcs through conunuation courses in
dental schools, study groups in local
sociclies, and other means. Butl the
response to these opportunities, part-
cularly in dentistry for children and
preventive  measures, has not been
encouraging and calls for study of the
whole question. Perhaps decentraliza-
tion of these courses, by taking them
inlo the ficld, may stimulale more in-
terest. A great responsibility for the
integration, correlation and dissemina-
tion of this knowledge rests with the
ecducators in dentistry. Iailure at this
point could be a hindrance to progress
during the present period.

These are some of the limitations
that we as a profession should recog-
nize and be prepared to meet. Equally
significant impediments delayed the
development of the four eras preceding
the one we now face. In this enlighten-

Reprinted {rom the [ourndl of the Canadian Dental Association

ed period of evolution, providing all
members of the dental profession en-
courage an attitude of tolerance and
understanding, I believe it is possible
to promolc a denlal welfare state
which will be directed by the profession
{oward the prevention of denlal discase
and which will serve the besl interests
of the people of Canada.
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in which surveys are usually wade. T suggest that in the nest
dental school survey we aslkk ourselves first, “What happens to

students in the dental schools of America?”

HOW SHOULD THE CURRICULA OF THE VARIOUS
SCHOOLS Bl EVALUATED?

The title assigned to me invites carcful study. 1 find curricu.
lum defined as “a prescribed course of study in a College or Uni-
versity.” Theiefore, my topic becomes “flow Should the Pre-
scribed Course of Study (in dentistry) in the Various Schools e

tvaluated ?”  The word “Fow™ suggests 2 avenues of approach.
If we interpret “How” to mean “in what way or by what means”
then the discussion should be limited to the mechanics of evaluating
the curricula of the various dental schools. If, on the other hand,
“IJow” is interpreted to mean “to what extent,” the topic thes
becomes “To What xtent Should the Preseribed Courses of Stuhy
of the Various Schools e Fvaluated 27 This title presents & read
challenge, and is, therefore, chosen for discussion.

At first glance, certain aspects of the curriculum geem to fall
naturally within the scope of this interpretation: the content oi
courses: the hours allocated to ench course; the integration anl
coordination of the various parts of the total curriculum; the facili:
ties provided for the teaching of the individual courses; and the
ratio of staff to students. If we reflect further on the phase “Tv
What lixtent,” we venture beyond the details concerned with hours.
subject matter, and facilitics. What the teacher does with
course of study, the time allotted, and the available facilities arce @
paramount significance and may be included as intimate parts ©
the curriculum. Likewise, the students response to and expericnes
with the curriculum must not be overlooked in the process of eval:
uation of the curriculum. The full scope of my topic then embrice
a study of both quantitative and qualitative criteria related to th
teaching of dental students. In the final analysis, an evaluation ¢
the curriculum should be made in terms of its success or failure v
fulfill the objectives of dental education.

If we asked the members of this panel, this association, ov e
> phjectives

their concepts of the

profession at large to express _
dental education, we would likely get a wide range of replies, but
ace certain fundamental points: (H !

am sure, all would embr
prepare, in hoth theory and practice, the student so that upon g

uation he can take his place in the practice of dentistry as 1t°
known today; (2) To prepare the student to comprelicnd ane 3
preciate new concepts of oral health and deatal diseases ant

S
1 Presented by y of Dentistry, University of Torontn

Roy C. Ellis, Decan, Facult
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stimulate him o continue his studies either infm'mnll}-' on his own
ar Tormatly through postgraduate and graduate instruction; and
(3) To provide a basic university liberal education from which he
may grow and become a useful eitizen and leader in his community,

These “objcctives” cause an evaluation of. the curriculum of the
various schools (o be gz complicated undertaking, because it niust
give equal attention to, the criteria which relate 1o curriculum con- :
tent and to the criteria which are a measure of the establishment of SR
desirable hehavior patterns in dental students and young eraduates, '
Perhaps, we are satisfied with what new dental graduates can do
m and what they know about the professional field, If we are, the
helief is predicated upon a well-rounded series of courses, in which
cach course provide the fundamenty principles important to that
arca of study, In support of this course work (liero are adequate
preclinical and clinjcal practice which provide the background for
the graduate’s ability “to do.” A good balance between the theory
and practice complete this picture. The evaluyation of these aspec(s
of the curriculum js straightforward and relatively simple,

The first point enunciated in the objectives of dental education
sates that we are to prepare graduates for the “practice of dentistry
s il is knowen today.” “As it is known today,” implies change and
i provides for development, advancement, and leacdership through
dental education. If (his point is considered, the evaluation of the
arrriculum shole he made, not alone for evidence of the inclusion
o the standard basic courses, but for evidence of continuous review
ad revision by the stall,  The evaluation should be sensitive to
~vidence which reveals (1) whether revision is hampered by vested
mlerest in a particular course or by the capacity or special interests
i the stafl, and (2) whether revision nmerely consists of adding
"W eourses or new material without revising existing courses, and
‘unce overloading the whole curriculum. It is just as important to
“scover in the evaluation of the tota] Program of a school whetler
“ese detrimental influences exist as it is to discover that funda-
“ntal courses of instruction have been omitted,

Evidence of (he failure of dental education to carry students
wvond “facts and skills” is all to easy to find. The content of the
Arses is adequate, but (e methods we wse in presenting the in-

Mation may create in (he graduating student 2 complacent atti-

e, an attitude of “content with what he has got,” and a feeling

At the principles taught “will endure unchanged for all time,” Is it
A true that our present educational methods subject students in

“r final years to dyll lectures, which repeat instruction given in

“lier years? Do not these and other weaknesses in oyr teaching

hods create behavior patterns iy the new graduates which are re.

‘ed ultimately by the limited reading undertaken by the majority

e members of (he dental profession, and even ereate lethargy

.\
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in keeping up with advances in tic professional ficld, to say nothing
of their obligation in the broader ficlds of serviee?

Fortunately, we are all acquainted with the dynamic teacher,
whose methods stimulate students to think, to question, and (o
explore, creating in them a vital pattern from which they continue
to grow long after graduation. The ability of the teacher is an
important criterion in the success or failure of the curriculum. It
should be carefully weighed in the process of total evaluation of
the curriculum.

vidence of the effectiveness of the teacher will be reflected in
an evaluation of the progress made by the student in the develop-
ment of desitable “attitudes.” The kind of person the student has
become, is just as important as are the kind and quantity of knowl-
edge he has learned during the course. An evaluation of the cur-
riculum should include an appraisal of the student’s reaction carly
in the course, and then later in the course. Iinally, to be sure that
a change is not just due to cramming, a third appraisal should he
made some time after graduation to ascertain to what extent the
development is related to well-established behavior patterns. These
behavior patterns are responsible for the ultimate attainment of
desirable professional attitudes in the dental graduate.  Serious
consideration should be given to the comments made by Ralph W.
Tyler in Judgment on Teaching that “the posssibility of improving
College instruction is tremendous,” and that “some evidence ob-
tained from studics in learning would suggest that much of our
instruction is less than 505 efficient.”

T will conclude this paper by asking questions, the answers te
which are related directly to an evaluation of the dental curriculuni:

1. Are the courses of study included in the curriculum directed
toward the end that the objectives of dental education will he
fulfilled? :

2. Ts there sufficient evidence that the curriculum is dynamic
and under continuous review and evaluation by the stadl members
individually and collectively, and without prejudice ?

3. Ts there evidence that the teachers are contributing effectively
to the motivation of students? '

4. Ts there evidence that the teachers have a clear conception ¢
their task and are using positive methods which are likely to guile
the behavior patterns of students toward desirable profession®!
“attitudes” ?

5. Ts there evidence of well-planned cxperimentation with the
curriculum aimed at giving leadership to the dental profession an+
recognition of trends in the health fields?

HOW

All of you
Mariner: "\
it 1s with the
on the evah:
factual kne.
also remindes
one finds L
his mouth sh
circumstarice:
probably dro
allaying your

We beliciee
ing prevail in
the poor tear
and the staty
do not know
variations in
elforts. T amw
colored by pi
For this rez
teaching o e
that all cur
that you can
is our probls

The qualit
tuting an aca:
MErous ra;
proposed thi
his deparine:
or himseif?
tionable.

The teache
teaching met.
tiously prais
the basic mzt
his speciel sk
unit, insepar:
for their efiic

The base «
his method, 1
facilitics andl
created. by tis

1 Presented by

TN e ey e S T



Avstralian Dental Journal

A review of dental cducation suggests
a fertile {ield for research

R. G. Iillis*

*Dean, Facully of Dentistry,

The development of dental education during
the past century has been inextricubly bound
up with the evolution of dentistry. A brief
historical review of modern Northern Ameri-
can dentistry will indicate the influences which
ecach have brought to bear on the other.
Hislorical review of dentistry

The first eran of modern dentiztry ended
about 1850. It was noteworthy for the many
and varied efforts made to relieve and control
pain of dental origin. Events of great signi-
ficance for bothh the medical and dental pro-
Tessions culminated with the adaptation of
ether anaesthesia for a surgical procedure in
1842 by Dr. Crawfovd W. Long. This event
was unknown to Dr. Horvace Wells, a dentist
of Hartford, Conn.,, when in 1844 he first
usced nitrous oxide as a general anaesthetic.

The second era (1850-1900) was replete with
significant  technological  developments,  The
introduction of vuleanite for denture construe-
tion, silver amalgarm and gold foil for fillings,
dental cements, fused poreclain and the dental
engine were to raizse dentistry in the {future to
the status of a highly skilled {echnical art.
The iniluence of this era was profound.

By the turn of the century restorative den-
tistry in North America had achieved a world-
wide reputation. Some questions, however,
were being raised, both in North America and
abroad regarding the relationship of focal in-
fection, including that of dental origin, to the
general health, The elimax came in 1911 when
Dr. William Hunter of London, England, while
lecturing in Montreal, told of his cxperiences
with the well-to-do patients in his practice
who had debilitating discases. These patients
were greatly benefitted by the removal of
teeth (often non-vital) supporting fine fixed
prostheses. He concluded by condemning a lot
of these restorations as “mausolenms of gold
over a mass of sepsis.” After the cries of in-
dignation, consternation and bewilderment
subsided, there develoned a period, notable for
the consciousness of members of both the
medical and dentlal professions toward focal
infection of dental origin. Tor this reason,
the third era, which began s=con after 1900
and terminated about a quarter of a century
later, has been ealled “the era of climination
of infection.” :

University of Toronlo, Canada.

Dental education in North America was in-
fluenced greatly by both the sccond and third
cras as we shall see shortly.

While we are too close to the period from
1925 to the present time, theve is suflicient
evidence to suggest that the historian may
assign to the present era the title of “early
recognition and eavly treatment of dental
discase.” In this period there has developed
full recognition for the field of dentistry for
children, with dental education giving active
leadership in this movement.

Perhaps in the next cra, the fifth, the domi-
nant theme will be the prevention of dental
digeage. If events in the future prove this to
be the case, research and dental cducation,
will lead the way.

But can dental education give dynamic
leadership in the development of an era of
prevention through its present currienlm?

Ilistorical Trends in dental education

In the light of the fovegoing it is interest-
ing to search out the trends in dental
education in North America. With the estab-
lishment of the first dental school in 1840 in
Baltimore, quite indepently of the University
of Maryland Mecedical School, a pattern was
introduced for North Amervica. Subsequently,
other independent dental schools were cstab-
lished during the second era traced above,
when rapid technological advances were bheing
made. Not only were the majority of the early
dental sechools independent, but they also
operated as private schools, dependent on pri-
vate means of support and students fees. In
many instances they resembled trade schools,
influenced by the profit motive and therefore
bound to concentrate on the new and most
advanced techniques in order to attract
students and indeed, to survive.

It must he emphasised, however, that many
of the carly dental schools weve owned and or
divected by very capoable, honorable men who
played a leading vole at the tnrn of the cen-
tury, and in the transition wperiod that
followed, in turning the tide of dental cduca-
tion away from the low c¢bb reached under the
influence of the technological developments
and the private dental school. ‘

In addition, the cvents rccorded briefly
above, in the third cra of the history of den-
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tistry, influeniced dental edueators to turn
their attention toward the neeessity of includ-
ing in the formal education of the dentist,
not only the most up-to-date techniques but
also instruetion in the biologieal sciences. This
phase of the curricelm counld best be provided
in the University, in association with the
medieal departments. Dubt in turning to the
Universities, dental eduecators in  North
America were anxious to vetain their independ-
ence and theiv instruction in the technieal
field rather than adopt the well established
European educational system, in which the
dentist first received his training in the bio-
logical sciences, perhaps through a medical
training, and then engaged for a limited
amount of time in the techniques and practice
of restorative dentistry. The close association
of the dental student with the medical school
in the Buropean system contributed no_doubt
to the association of the dental student with a
hospital department where he gained his tech-
nieal and clinical training in dentistry .

On the other hand the independent status:

of the dental school in the North Ameriean
system resulted in the establishment of the
University dental clinie with little or no direct
affiliation with a teaching hispital. No at-
tempts will be made to compare the advantages
or disadvantages of the elinical facilities pro-
vided by cach system. They each have strenglh
and weakness and they have no doubt greatly
influenced the viewpoint of the graduates from
the two systems.

On closer observation there appears to be a
third system of dental education, combining
aspeets of both the Buropean and American
systems.

Three systems of dental education

The strength of the graduates trained under
the Turopean system in Oral Pathology, Oral
Medicine and Oral Surgery, may be attributed
to the influence of and association with the

“medical school, medical teachers, and the hos-

L

pital dental elinic. Frequently under this
system instruetion in the biological sciences
is taken with medical students; then the dental
student receives extensive training in the
medical and surgical depavtment of the
hospital and his elinical dental training is
provided in the hospital dental service.

Some details respeeting the North American
system have been given above. Separated at
the outset from medical education, then coming
under the strong influence of the technological
era in the early developmental stages and
finally sceking instruction in  the medical
sciences and University afliliation, throughout
its history the schools maintained their inde-
pendence. Thevefore it is little wonder that
the emphasis in the North American schools
has been on conservative aspects of dentistry.
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What has evolved as a thivd system of
dental educalion combines cértain aspects of
both the Buropesn and North American sys-
tems. This has been possible by virtue of the
geographical isolation eof the countries in
which this system has developed.

It combines the autonomy of the North
American sehool as an indepeadent faculty
will the University and yet maintains a close
relationiship with medicine through the teach-
ing of the biological sciences and hospital
practice, first in general medicine and surgery
and secondly through its dental elinie fune-
tioning in close association with a hospital
dental service. .

While examples of this sysfem could be
drawn from a number of countries around the
world, the dental schools of Anstralia will be
cited in this instance. It is not the wish nor
intention of the auther to ereate the impression
thal any one of these three systems of dental
education is best. It is the amthor's belief
that during the past 25 years, the interchange
of ideas, made possible in many ways, has
brought about a greater degree of uniformity
than existed previously.

Dental education under each system has its
problems. These problems are intimately as-
sociated with the future of dentistry and
should be the coneern of the practising dentist
as well as the denlnl educator.

The chief objective of dental education is to
produce well trained general practitioners.
With the shortage of dental personnel an
acute problem in many parts of the world the
dental seliools must maintain a full roster of
dental students who upon graduation will
meet the demand for general dental service.

Certain problems tend to complicate the
eflorts of the dentul schools to fulfil this ob-
jective.

Problems in dental education

(1) Pressure on the currienlimn. The rapidly
expanding volume of knowledge in the pro-
fessional field has led to increasing pressure
on Lhe curriculum of the dental school. The
time assigned to essential instruction in each
of the four professional years of the course is
already so overwhelming that it leaves little
or no time for the student to do any indepen-
dent reading, thinking, or studying, cither in
his own field or in general education. And
yet the professional man is conversing daily
Wwith men and women in all walks of life, and
is in a position to give leadership in com-
munity affairs. The University in turn, looks
to its gradustes to be more than highly skilled

technicians in a specialised field, This type of -

restricted voeational training does not measure
up to the status of University educalion.

(2) The influence of speeialisation. In den-
tistry and medicine the trend toward speciali-
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sation has been marked during the past 25
years: There arve many who have become
justifiably alarmed at the degree of segmenta-
tion of the profession, and the paticnt, inle
speciality fields. The American Dental Associ-
alion now recosnises seven dental specialties
and several others are clamoring for recog-
nition,

While recognition of the specialtics by the
profession and by the public has stimulated
heotter advanced cducational programmes for
the graduate dentist, its affect on dental eduea-
tion for the undergraduate is less desirable.
Tor obvious reasons the practising specialist
is likely to be the man with the best training
and experience in that field. Ie is therefore
invariably sought after as a teacher in the
undergraduate  course.  Assuming that his
teaching ability is adeguate, he is abhuost cer-

tain. to be enthusiastic about his subjcet and

will transfer that enthusiasm to his students.
IIe will strive to encourage students to excel
in his ficld. Under these circumstances several
things may happen. The student may decide
even before graduation that he will become a
gpecialist in that field and his interests in the
final stages of his course will e dirvected
toward that ficld to the detriment of his over-
all interest in dentistry. The teacher in this
enthusiasm (and this enthusiasm is not un-
worthy) will demand inereased currienlum
hours to cover his subject adeguately. There
is then a continuous struggle going on to hold
the line and maintain a well halanced corri-
culum designed to produce gencral practi-
tioners.

There are dental schools in North America
which permit and encourage students in their
final year of training to elect special fields for
study and practice. There are also dental
schools and licence hoards which hold to the
requirements that the graduate dentist before
embarking upon advanced training leading to
a specialty certificate must have completed
some years of general practice experience.
These and many other aspects of specialisation
concern both the dental profession and the
dental school.

(3) Need for correlation of the basic
sciences with clinical practice.  There is
general agrcement that the neced still exists
for helter correlation of the fundamental
sciences with eclinieal practice. Iailure to
integrate these aspects of the curriculum more
cfliciently, will impede the progress of the
development of practical preventive mcasures
in the future.

1.
5,

The Challenge

The pressures referred to ahove and others
of lesser importance, nat mecntioned, have led
inevitably, to a timctable that will not give to
a student, frustrated and uncertain in the

Aushralian Denlal Journal

carly stages of his course, positive motivation;
and a stafl convineced that changes ave needed.

What of the fulwre

To rush in and add a yecar to the course is
a great temptation. Mewever, it is generally
agreed that such aclion does not provide the
solution. Observations by dental educationists
the world over during the past decade lead one
to believe that some hold rescarch on the
currviculum is overdue.

Tt is envisaged that a curriculum conld be pre-
pared which would save time, and yet provide
justifiable expansion in some aveas, "lhe cur-
riculum should be effcetive in insuring carly
positive motivation of the student and provide

Dbetter correlation of the fundamental sciences -

with clinical practice. It must give emphasis
to the early introduction to the principles of
preventive dentistry.

Coupled with revision of the curriculum a
year as an externe aflter graduation might be
considered. The successful completion of one
year as an externe could be a further require-
ment of the legal boavds before granting the
licence to private practice.

Reorientation of the Curricidum

Perhaps we can best define the present cur-
riculum as being set up on a hevizontal basis.
The subjects are introduced in strata. Rirst
in the strata are subjects presenling normal
structures; then follow courses cssentially re-
lated to function; the study of disease pro-
cesses, bhacteriology and pathology, are next
in line and finally restorative dentistry, in-
cluding clinical practice.

The morve inquisitive student views this pat-
tern eritically and considers the fivst two years
work in the basic physical and Dbiological
sciences as presenting certain hurdles which
must be crossed, but once behind, soon to be
forgotten. Even the patient thinkers among
the student body understand with dificully the
relationship between these fundamental sub-
jects and clinical practice, becinuse they arve
often so far removed from cach other in the
curriculum. i

It has cven heen rumored that many of the
clinical teachers assume the attitude that after
the students have. completed their studies in
the medical sciences during the flrst two years
of the course, they (the clinical teachers) will
teach them, in the clinie, all they rcally nced
to know to practise dentistry.

While these attitudes on the part of student
and teacher are not the rule, there is enough
resemblance to the truth, that they cannot be
ignored. There is indeed good reason for re-
search aimed at changes which wiil lead to
positive motivation of students, carly in the
course.
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Evidence is at hand that many schools re-
copnise this problem and isolated moves have

been initiated to eope wilh the problem, There

s unfortunately apathy and even opposition
from some areas to major changes. Ilercie
methods will be required if changes are to be
effective.

While holding tenaciously to the original
premise that the dental school objective is to
preduce general practitioners, ithe following
principles should guide curriculum reformers.
1. The vertical pattcrn of the present curri-

culum should be replaced with a paticin
which might be defined as “horizental”.

As zn example let us consider teaching the
technique of taking x-rays. If the background
sciences and steps in technigue followed in
orderly succession and were appropriately
integrated the interest of the student would
be quickened, time could be saved and the
science and art of this phrase of dental eduea-
tion would be bectter correlated.

At once the cry will arisec “but you can’t
segment and disintegrate presently accepled
course oullines in physiology, biochemistry,
anatomy and other similar subjects. It is
true that a great deal of study of this process
would be required. It is also true that the rigid
deparlmentalisation and teaching of these

- subjeels as separate units is open to question.

~

9. The quick transfer of fundamental know-
ledge to preclinical techaigues and into
clinical practice is then owr second prin-
ciple.

Why should we delay for two to three years
the introduction of the student to clinical prac-
tice. By so doing, the fundamental anatomy,
histology, physiology and other sciences are a
year or two behind him before he looks into
the mouth of his first patient. It is possible
that the chief reason is associated with the
accepted practice over the ycars or the re-
organisation which would undoubtedly be in-
volved in the assignment of clinical facilities
for the patienis. However, if motivation of
the student is accelerated through early intro-
duction of the student to the patient then it
is imperative that ihis change be made. We
find it safe and recasonable to introduce the
dental hygienist to clinical practice late in the
first year or at the beginning of the second
year. It is true that the hygienist is limited
to prophylaxis and radiology technique, but
she devclops skill rapidly. It is reasonable
?hen to assume that dental students could be
introduced to the clinic al the end of their
first year or early in the sccond year and pro-
cced with the same operations.

3. The laiter suggestion points to the third
principle, namely, to establish in the cur-
riculwm o more logical scquence to clinical
practice.

= yorn i A i ey o sy g canh,
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Tt seems illogical to the anthor to altemptl
to introduce the student to the patient with
the construction of artificial dentures to re-
place lost teeth. There is good reason to arpuc
that the students elinical experience should
commence with the recognition of mormal
healthy tissues in the mouth, then to follow
with the preservation of these tissues in a
healthy state, then to the recognition and
treatment of the very early changes caused
by dental disease and finally restoration of
lost structurcs. This sequence would be logical
in an era deveted increasingly to the practice
of positive preventive measures.

The implementation of the curvieulum envig-
aged above will involve some reassessment of
the use of the physical accommodation of the
dental school. Perhaps even a preater prob-
lem will be the chapges required in the dental
stafis’ philesophy of dental ecducation. The
assistance and indulgence of the teachers of
the biological science departments will also be
of primary importance.

A year of cuterneship

VPSS PUSIORSN PP PR 4

The addition of a year of further experience -

after completion of the degree course, but be-
fore being granted a licence to practise pri-
valely would gerve as a uselul aceompaniment
to the revision of the curriculum.

The term “cxterneship” as used above must
not be confused with the hospital interneship,
nor is it meant to be confined to hospital
routine and hospitalised paticnts. It could be
sct up as a service provided by the profession,
under the control of the profession, and as the
profession’s contribution in the “yelfare
state”. Provision of serviece through municipal
school dental services, rural dental serviecs,
hospital dental services and denlal services
eperated by philanthropie agencies. A nominal
stipend might be paid to the externe to ofiset
the cost of livineg, The service thus renedered
in gaining further experience would in a small
measure compensate for the assistance the
young graduate received out of University
funds in financing the cost of his education.

Before such an externe service can be in-
troduced however, adequate facilities of this
type must be available to accommodate all new
graduates. Furthermore, a system of supcr-
vision and evaluation of the work done by
the externe, must be organised.

By rotating the externe through several
different types of services, including hospital
practice, lie would receive general experience
and further education.

Conclusion

It now becomes quile apparent that imple-
mentation of the changes suggested above
must be preceded by extensive study and re-
scarch. Few research projects in the dental
fiecld hold opportunitics of far-reaching im-
portance for the entive dental profession.

.
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+ wt Balance, December 31,1956 ... vivineiannns 3,897.39
: .ot Balance, November 30, 1957 ... ciiueeiuannn $ 1,903.33

is Aecont :
X Dalanee, December 31, 1936 L. vvivvnnvnnnn $ 5,000.00
"add: Interest Earned to June 30, 1937 ovovvnnenn. 75.00

i Balance, November 30, 1957 ........ v ssay $ 5,075.060

PRESIDENT'S ADDRESS

Custom and not the Constitution and Bylaws of this Association
wrees that the President deliver an address at the Annual Meceting.
Ziere have been many occasions during the past when, as a less
. sive member of the Association, I looked forward with keen
rest to the President’s message. Now that the shoe is on the
~er foot, T have difficulty in justifying, in my own mind, the
we allotted to the President on this busy agendum, except that

ar as I can recollect this occasion is the first on which I have
~ithe privilege of preparing and delivering a Presidential address,
-1, who knows, T may not soen again asswime the mantle of a
wsident, Therefore, this is my maiden voyoge in these hallowed
sers, and, at the same time, it could be my last,

During the past few months my thoughts have alternated be-
“wen these contradictory propositions, first stimulated by the

dienge associated with a maiden voyage, and then quickly brought

% to reality by the sobering thought of singing a swan song.
-rein les the explanation, should I, during the next few minutes
et between the provocative attitude and the old adage which

vls “discretion is the better part of valor.”

Atan carly stage in the preparation of these remarks, T decided
© wurn to the Procripings of recent Annual Mectings, read the
e addresses delivered by my predecessors, and follow their lead.
cevever, just as this idea became crystallized 1 recalled the
- =emition of a member of the stafl of the University of Toronto,
< Warden of Hart House, “you should recognize the obligation

te different, disturbing, and if necessary, even rebellious.” It
-5 this challenge that led me from the section of the ProcErbiNGs
iving the President’s message to the scetion usually found
“ard the end of the Procrrpines where the Constitution and
aws of this Association appear, year after year, always the

e I read them over and over again, of course in succeceding

+s of the Procrenixgs, in the hope that there would be sone-

3 different.  Frankly, durinee the years I have beeu in office
s organization, I have ad -aore trouble with the Constitution
i with any other aspect of the Association’s business. It was
~~ial that while in a provocative mood 1 should eye with some
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misgivings the Constitution and Bylaws, even to the point o
recommending that they should be reviewed, revised, and rewrittes:,

It was perhaps no coincidence that abott the time this decisic:
was made so to recommend, Raymond J. Nagle and his Ad /.,

Committee, appointed by the Iixecutive Committee to study way.’

and means of establishing a Central Office, also came to the corn.
clusion that the present Constitution and Bylaws would have to 1.
rewritten in order to facilitate the establishment of a permanc:
office for the Association with a full-time Executive Secretary ai !
give the incumbent of that new office a rcasonable degree o
security. )

In order to expedite matters an Advisory Committee to th:
President was named several months ago to study these documents
and one member of that Advisory Committee, namely, Gerald ).
Timmons, undertook to do some homework one week-end.  The
result was a draft of a revised Constitution and Bylaws, As you
are now aware, this proposed revision has been studied since U
the Iixccutive Committee and distributed to the member orgas-
izations for consideration. We are deeply indebted to Dr
Timmons for his many valuable contributions to this Associatic:
and now, once again, for his help and advice. We are also iu-
debted 1o Harry Lyons, who has also assisted by giving his counst!
in this undertaking.

For a number of years the desirability of, and latterly the urge
need for, the establishment of a Central Office for the Association
have featured prominently in the President’s address. A step o
this magnitude and importance involves a great deal of carefu!
study and planning. - Unforescen difficulties have been knowr
before to delay similar projects.  We have already alluded to ti
limitations of the present Constitution and Bylaws. We an
encouraged, however, by the strong support given by the memin:
organizations and we are confident that without much furthe:
delay you will be given an opportunity to ratify the final phu-
of the project. On behalf of the Association, I want to pay tri
to Raymond J. Nagle and his Conunittee who have painstaking.:
explored the many ramifications of this undertaking.

During the past few days the International Association fer
Dental Research has held its Annual Meeting. The current pr-
gram of the International Association for Dental Research presen:
conspicuous evidence of the comprehensive field in which researc
workers are now engaged. The growth of this organization b
been remarkable. The American Association of Dental Schiv
and the International Association for Dental Research have pr-
pered side by side. It is axiomatic that men and women engas:
in dental education should be vitally concerned with the activi.
and accomplishments of the research worker, and for the sar”
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.easons the reverse is true,  From time to time in recent years, and
ior various reasons, none of which seem to me to be well-founded,
tere has arisen the suggestion that the International Association
iy Dental Rescarch and the American Association of Dental
<chools might go their separate ways and meet at different times
. in different places. It'is uarcalistic even to consider such a
wvelopment affecting two organizations whose interests arc directed
.simarily toward the same objective—providing an effcctive health
tsvice to the public. It would be unfortunate, to say the least,
i the relentless trend toward ‘scgmentation of the professions into
aecialty groups were permitted to scparate these two organizi-
s whose interests are inseparable. It was logical that a General
dussion sponsored jointly by the International Association for
Dental Research and the American Association of Dental Schools
dould be arranged for this mecting on the general theme, “The
interrelationship between Rescarch and Tducation in Modern
Dentistry.”

If the interest of the practicing dentist in research activitics has
teen discouraging, perhaps we can apportion some of the blame
w the dental school. Iailure to provide the dentist with an aware-
ress of rescarch in his student days introduces the possibility that
Lis practice experience will fall short of rendering a broad health
wrvice.  On the other hand, the student who is nurtured in an
wmosphere where the scientific spirit prevails, is more likely to
saduate imbued with the spirit of inquiry, and in turn to have
concern for the total patient. The knowledge that active rescarch
i« in progress in a dental school should not be restricted to graduate
cudents and stafl. The undergraduate students should be exposed
' this activity, even if only briefly. In some schools, summer
‘pportunitics in the rescarch laboratories are sponsored with the
2 of studentships. Such institutions report remarkable interest
'v the student body in the over-all program, the effect of which
ray be far-reaching from the standpoint of teaching, rescarch,
and the practice of dentistry.

We are honored to number among our distinguished visitors
it this meeting, Byron S. Hollinshead, formerly President of Coe
College in Cedar Rapids, Towa, and lately Director of the Tech-
“cal Assistance Department of UNESCO in Paris.  As you are
wware, Dr. Hollinshead has been appointed Director of the Survey

{ Dentistry, “This Association has previously indicated its desire
“vbe helpful in the study of dental education. Topulation trends,
"¢ devclopment of a new social order, and public interest in com-
“rehensive health services have provided a new backdrop for the
“rofessional education scene since the publication of 4 Cowrse of
VMudy in Dentistry vy this Association in the carly 1930's.

Perhaps we should heed the observation of Ward Darley who
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spoke on the subject of “I'he Implications of Population Trends Ly
Health.,” He concluded his thought-provoking address with this
challenge :

As we look into the future, T think that two things are going 10 hapye.
both predicated upon the continued increase in effectiveness of heatr.
service—particularly in the arca of prevention—and upon the increass |
awareness and interest of the public in health service,  The first of (h,.,
is that the needs of our people for expanded healthh services are going tot.
more and more appreciated, The seeond is, that as that happens, the dema; !
for better and more healtl; service is going to approach more closely 1!
need.  In other words, the gap between health needs and demand for heaiss
service is going to become narrower and parvower.  (PrOCEEDINGS @ \V, k.
Kellogg TFoundation Conference, June 21-22, 19536.)

T'o meet this situation so far‘as dental health service is concerne,
either the rescarch workers must provide us with more positive
preventive measures and so reduce the need, or the number of new
dentists graduating each year must be greatly augimented, a prospee
which is alarming and probably unrealistic. As an alternative 1o
increasing the number of dentists, the dentist’s “hands” might L
increased through the greater use and better integration of auxiliary
personnel in the dental office. T'he Survey of Dental Educatio-,
could find here a most fertile field for study. Isolated effor:.
have been reported where dental schools have sought to guide tie
undergraduate dental student in ways to make the most cffective
use of auxiliary personnel. It could be that multiple benefits would
accrue from a well-integrated plan in the dental school for traininy
the office team. The overloaded undergraduate schedule might be
relieved at the clinical level ; within certain limitations a significar:
source of trained auxiliary personnel would become available and
the new graduate would develop a practical understanding of the
value of teamwork in the dental office. It s conceivable that the
dental manpower problem might be alleviated partially if a full-
scale program of mtegration were to become a reality.

It is anticipated that the new study of dental education will give
consideration to the eflectiveness of teachers, We talk {reels
about teacher training, but we cannot guarantee that the individuai
so trained will become a gifted teacher capable of guiding students
over and around mounds of detail, without becoming sidetracke!
en route to the core of the subject. Is it possible that the apparemtly
overloaded curriculum in the dental school is a reflection of the
tendency of some teachers to overload the student with masses
of detail, instead of presenting a carefully prepared synthesis oi
the important facts pertaining to his subject?

Then again, it may be that the preprofessional training is respon-
sible for the tendency of students to indulge in memorizing facts
and details of lesser importance, rather than being educated to seck
out principles. This tendeney on the part of the student is ne:
unrelated to the eflcctiveness of the teaching, both past and present.
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.= may be responsible, in a measure, for the student overloading
s own curriculum.  This situation raises the all-important topic
{ “Who should study for a professional carcer—in our case,
~utistry 7 The” admission of young men and women who have
¢ potential to mature into responsible professional citizens when
posed to a thorough indoctrination in ethical conduct and profes-
.mal attitudes may be more important than what we teach then.
The difficulty of predetermining this quality is admitted, but until
+ iz proven impossible to measure, it requires our earnest attention.

The Fourteenth Congress on. Dental Education and Licensure
“eld in Chicago on Fcbruary 1, 1938, under the auspices of the
ouncil on Dental Fducation of the American Dental Association
“rought into focus several unique experiments in dental education.
ihese and similar ellorts, designed firstly to improve the skill and
sholarship of graduates, secondly to offset the dental manpower

:zoblem which in some areas has become critical, and thirdly to

sure the development of the highest ethical standards among
ture members of the profession, should be encouraged, Slavish
Awrence fo a rigid curriculum pattern must never become the
il concern of deutal education.

it is my opinion that one of the major shortcomings of the
present dental curriculum is the limited degree of flexibility per-
~itted individual students in relation to their rate of progress in a
“isse There is a wide variation in the capabilities, the interests
=l motivating factors among the members of a large class of
wlents, Under our present system, it is considered uneconomical
.l impossible to treat each student in a large class as an individual
< without reference to the progress of the total class. And yet,
~+thaps the limitations we fear in providing freedom for the bright
“nds and skillful hands to forge ahead are more academic than
“al. A study of motivation of students and some rearrange-
it of courses in keeping with the findings, would, I believe, be
¢ revelation to most of us.  All education is a dynamic process
-l dental education must be no exception.

In conclusion let me add that I am deeply conscious of the
“ivilege that has been mine in serving this Association, first on
© Exceutive Committee, and then during the past 12 months as
viesident. 1 have profited in many ways throughout this expe-
“ruee, mot the least of which has been the fine fellowship enjoyed
“*h the members of several Executive Committees with which 1
cteserved. T have always been full of admiration for the mag-
et job done by our cfiicient Sceretary, Marion W. McCrea.
- see him in action at close range is almost mystifying. All the
s for which he is responsible throughout the year scem to
“*nlo their proper places without eflort—as though he were
g what comes naturally. But he gives me no assurance that

.
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I have been in office as President. A President, I am told, is a s
man who goes about with a worried look—on the face of the £
Sccretary. I've never seen him look worried yet—so draw your
own conclusions. i

I want to pay a particular tribute to our genial Editor of the
Jouwrnal of Dental Iiducation, Charles WV, Craig, and to the Dusiness 28
Manager, Charles A. Scrivener, For personal reasons, Dr. Craig |
was anxious a ycar or more ago to relinquish the post as Editor.
but because of the pending establishment of a Central Office and
changes which might he expeeted then, he agreed, after much
persuasion by the Iixecutive Comumittee, to carry on. I do not have
to emphasize the fine job he has done—you receive ample evidence
of that fact in cach quarterly issue of the Jowrnal.

The Association has a deep interest in several projects now in
progress. The Fund for Dental Iiducation is making slow, but
sound progress. This Fund will become a vital force in the field
of dental cducational research.

The establishment of the Central Office will provide a much-
needed focal point for the business of the Association and for the
integration of our cfforts on hichalf of dental education.

The educational aspects of the Survey of Dentistry to be com- i
pleted during the next two years will serve as a stimulus to the N
members of the Association, The recommendations forthcoming

from the Survey will merit our scrious study and consideration. I
1 thank you again for affording me the privilege of serving the ¢

Association as its President. And now on with the program.

Many people have worked hard to make it a good one. T commend B

it to you, :
[Vice-President Robert W. MeNulty, who had assumed the %

chair while President Ellis gave his Address, appointed a reference )

committee consisting of Harry Lyons, Gerald D. Timmons, and

Harold J. Noyes, Chairman, to consider the Address.] -

REPORT OF THE BOARD OF DIRECTORS FUND FOR .
DENTAL EDUCATION, INCORPORATED \

(
Gradual development of the Ifund for Dental Tiducation, Inco:- {

porated, can be reported at this time, but progress has been slow
because of the desire of the members of the Board of Directors
to make no mistakes. The Board, consisting of John 13, Buhle:.
William R. Mann, Marion W. McCrea, Harold J. Noyes, Wendz:
D. Postle, Raymond J. Nagle, Fice-President, and Maynard I'C:
Hine, President, has met on several occasions and has discusse:
i methods by which the Fund can become more active and useful.
The following resolution urging support of the Ifund for Dew

Education was approved by the Executive Committee of the
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Will today’s plans sal
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Roy G. Ellis, D.D.S., M.Se.D., F.DS, RS,

During the past few years 1 have ap-
cared in a number of unfamiliar roles,
nol altogether by choice, but by the force
of circurnstances. These roles have in-
cluded: ‘money grabber’ in the eycs of
the Government and Governors of the
University; ‘bete noir’ to an architect;
thorn in the flesh of the University of
Toronlu Buikling Construciion Deparl-
nment, and slave-driver 1o the senior stafl
members who, at one and the same time;
have been carrying en a full administra-
(ive and teaching load while planning for

their departments in o a  new dental
building.

We are no longer haunted at night
by the filmy apparition of something
that mizht b, for by day we sce, in
yeality, a new home for dental education
and research now nearing completion. 1
am not going Lo burden you with a mass
of building detail, even though T have
Jearnt a new language and could recite
figures respecting the aumber of ‘mul-
lions” and ‘munting’ which are included in
the plan, or the size of the ‘eeiling soffity’
and ‘branch breakers'.

Throughout the scemingly enciless plan-
ning that las gone on in relation to the
physical plant, those of us closest to the
project have come (o realize that our
chief concern must be whether ‘today’s
plans for dental cducation will satisly
tomorrow's needs’. But first a word about
the present.

Ths building al 230 College Street,
occupicd by the Faculty o Dentistry, iv
just fifty years ofd. 1t has served the pro-

tession weil. Within s walls a host o
students have been instructed byl

teachers, so that upon graduation -
students weic ready o assumc their pr
fessional responsibilities. The old b
ing bears mute testimony to the nu
changes thal "have taken place in ol
that improvements in  the curricutin
and pew Loohnica! procedures mizht b

taught to dental students.

I am sure many of you can recall your
own student days, but for the sake o
those who have graduated within con
paralively recent times the Tast fiftec
to lwenty years — let me record a foe
of the changes that 1 have scen in
past Lhirty-five yeais. Denture acsthet:
(dentogenics achteved

Jaboriously erinding to an aceurate HiS

today) was

joints ~ buiween porcctaliv ‘guin i

cach carrying two or three teeth, 1t

joint had to be accurate so that the v
canite forming the denture base and hes

ing the pin!" zum cartions in place wor'
not get through between the blocks s

form a dark line. 1t iiterally wok ir

In case you are Lot Familiar with vt
canite, Jel e remind vou that if was t
great denturs material until about taws
years ago. Today, the average dentud
dent docs ral see vulcanite or know th
joys of working with it,

Then there was the foot engine. S0t
times we managed to speed it up v s
cral hundred r.p.m.’s. Tt sounds foois
now in terms of today’s speeds. JUTISRSE
e dente! coiil at a fow housnd <

was occasionatly availabic to st

/
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sirotor s todiy. Dut (omorrow the
ap may become standard cquipment
cudents. Learning to operate in the
. Ainical technigue course with the
ser-like  toueh -— the peint-brish
Aique — required with the sivolor
- Ipiece may introduce a new approach
4o practice of operative dentistry.

ve could recall some other advances
g over the pasl few decades which
o affected the life of the dental stu-
-1 and the practitioner, but those men-
.+d above have taken place during the
¢ century that 230 College Street has
4 the home of dental students.

The ‘Tamily dentist teaching plan® has
- the basis for our programmec in the
t-—and it will continue with increas-
- emphasis in the future.

8y vy of contrast, onc school inlro-
od many ycars ago a special curricu-
+ known as the ‘undergraduate ortho-
wic major” with the objective of train-
- a limited number of specialisls in
odontics in the regular undergraduate
wrse. There is no denying thut this
“thod may be productive of graduates
=ase training in this specialty ficld is as
ol as those who proceed, years after
Jiation in dentistry, through graduate
postgraduate  orthodontic — courses.
“swever, the objective of an undergrad-
«« course is Lo train general practition-
- not specialists.
If we permit specialization in the
“oreraduate dental course, and if we
saept it as sound procedure for ortho-,
atics, we must accept it [or all the other
“weialtics, With the flood gates open in
“v direclion — where are the gencral
“wlitioners coming from, where are the
qily  dentists  coming  from, in the
wre? The ‘family doctor’ is disappear-
let's be different -—-and hold on
wciously to the family dentist.

3

I have no quarrcl with the specialties
and indeed, in certain arcis they are
«2ntial and the dental schesls must pro-

5

vide convses for the training of specialists
in their craduate programmes, 1 the in-
terests of providing the maximum special-
ist services to the public,

However, so Jong as the initials E. and
T are represented guantitatively by
sizeable ligures in the D.EY. rate, as
they are today, then the general practi-
tioner - - the family dentist — will be the
main stream of the practice of dentistry
for many ycars to come.

Our plans for tomorrow are therefore
based on the needs of the public, and the
students, who upen graduation must be
cquipped to become the ‘family dentists’
of the future.

Yes, we arc fashioning a building, but
it is not the building that I wish to speak
aboul during the next few minutes. 1
should like to discuss a few of the -
portant facets of our plans in so far as
they concern Students — Stafl — and the
Profession. ' -

Through the years, the significance of
positive ‘motivation” of students has
cluimed increasing attention, Undeniably,
many students in the freshman and soph-
omore years fail to appreciate the true
significance  of the biological science
courses. Too many of them lcok upon
these courses as a necessary and barely
tolerable part of the ‘rat race’. They have
dificulty relating the courses in physi-
ology, biochenistry, pathology and anat-
omy to the praclice of dentistry — even
though examples illustrating their appli-
cation are provided at intervals by the
basic science teachers.

It has been our contention thal the in-
troduction of the student to the oral cav-
ity, during the first and sccond ycars,
while these fundamental courses arc be-
ing taught, could stimulate the student’s
interest in these courses. We have intro-
duced such a programme in first and
sccond years, calling it, for want of a bet-
ter name, “orientation to clinieal practice’.
Our expericnce with this pian empliesizes
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that it has great possibilities und it is our
intentioti to expaud the programme,

The following example —- one of which
could be recited ~— will suflice. The stu-
dents arc paired ofl in the clinic in the
freshman ycar. They give cach other a
a prophylaxis and i turn they have a
good look around in the mouth. The
normal appearance of the gingivae is dis-
cussed and examined. Contour, texture,
stippling, inflamation, are obscrved, then
a suitabls nermal case is chosen and also
onc of inflammation — these can  be
obscrved by the class, using closed circuit
television,  Biopsy specimens are  re-
moved from cach cuse for study. At the
second meeting of the class the anatomi-
cal and histological features of the sce-
tions are discussed in relation (o the clini-
cal appearance. By this mcans, anatomy,
histology and the.other biological science
subjects can be made to live, and the stu-
deat ‘motivated” to their fundamzatal
clinical value. The comments of studenls
who huve participated in this programme
of orientation have been a revelation. The
time and cffort spent by stall in intearat-
ing these facets of the dental course,
which at times have appeared to some
students so remote, will be justified in
terms of positive motivation of all
students,

In the pre-clinical operative technique
laboratory, the student in the past has
learnt cavity preparation on an inani-
mate dentoform. Many months later he
is then required to make the transition
to the live patient in the clinic. You will
recall the hazards encountered in your
own student days in making this transi-
tion from model to man. In our plans
for tomorrow we will transfer the con-
ventional operative technique course
from the laboratory bench to the actual
clinical [acilities to be used in the clinic
years. The headrest of the dental chair
will support an aluminum phantom head
provided with cxiracied tecth arranged in
reasonahbly goced anatomical order. Under

these conditions the student’s fires
preparation will he carvied cut g ¢
dental chair, using the same equing, ’
and viewing arrangements us ho will 1.,
use on the patient — and this Tt [P
the airotor. He may not produce 1
idenl textbook prepurations and Featusge
tions at the outset, but the gup botw oo
the laboratory bench operation 1.
clinical patient wiil be closed,

Turning now to the supply of new J.-
tists o meet future needs, (hepe is v,
dence that the population is increa.
niore rapidly than we can increase o
number of dental graduates. We ki
that less than fifty percent of the popt .-
tion seeks total dental care and we -
lieve that the. public appreciation .-
dental care is increasing, The statistic -
could make the figures look grim bt .
scarcely requires a  mathematician
sound the alert to the danger sicnss
ahcad. To mecel the danger, we mo
either redice the necd for service o
crease the supply of hands availahic .
provide the service. The first point.
rescarch activities from which will ..
preventive measures designed to re
the public’s need for service and sim!
cffective dental healtl: edu *
will contribuic substuntially in
the incidence of dental discase.

The alternative involves personnel. ®
increase of hands can be provide!
either graduating more dentists or L.
tating the integration of auxilior |
sonncl. The secretary of the AD
Council on Dental Education, i
Peterson, in a paper read in Mil
Wisconsin, referred to the grad:
morc dentists in these werds: "We b
that we would have lo increase inv.
the size of all forty-seven dental oo
(U.S.) by one-third in order o

-enough dentists in 1975 to maintan

same ratio of dentists that we have

The training of the undérgraduaic
dent in the dental schooi as a4 mem'®
a dental hicalth tcam, so that he i~ e
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»of glving guidancy and leadership to
Adliary personnel, becomes a dominunt
et of today’s plans in relation to satis-
ae tomorrow's dental health needs.
\;:J yet the solution 1s nol simple when
Ccomes to the pndergraduate cducational
agramme.

in the learning process, students wiasie
. considerable amount of time, which is
-obably inevitable, until they have

dned a little experience and can clearly
~seern their objective. The presence of
_xdliary  personnel at this stage may
ily serve to coinfuse ihoni.  Careful
aing is thercfore the key to the intro-
sction of auxiliary personnel in the stu-
it regime.  Nevertheless, a carcfully
cwanized plan to intezrate the dental
wistant, the dental hygicnist and the
enlal laboralory (cchnician, within the
audent’s education, is essential.  Several
adies have now been completed which
crove conclusively thal the dentist can
ender a grealer amount of service, 1o
wore patients, in a given unit of time,
wen he employs auxiliary personnel. We
wve a long way to go in improving the
sotential otitput of the dentist by improv-
ag (he ratio of existing auxiliary person-
el to the members of the dental profes-
con If we don’t succeed in this dirce-
ton, we may have to accept new types
of auxiliary personnel into the dental
alth team,

And this brings us to the considera-
ton of another matter — perhaps  the
most vital and important issuc of all,
Solh in the education of the undergrad-
Jute student and in his ability afler grad-
sation to continue his growth in profes-
sonal  staturc. 1t is the development
°f the professional allitude. The dental
whool stafl is responsible for the indoc-
Vination of students in professional con-
‘uet, good human relations, and profes-
“onal and public relations.

Irrespective of how well we toach techs
“iques, or impress the student with the
vinificance of the oral cavity in relation

7

to the total well-being of the patient, if
he fails to develop personal  qualilies
which will be translated into the practice
of cthicai and professional behaviour we
fail in our obligation to the profession,
both past and present. The present sta-
ture of the prolession is the heritage be-
stowed upon us by the efforts of many
generations of dentists who have exempli-
fied professional cthics, and placed serv-
ice above self. Albert Schweitzer suid of
the professional man: ‘Ile¢ belongs no
more o fnimself alone; he has become the
brother of ail who sulfer’. ,

You may well enquire now about our
plans for developing in the graduates of
tomorrow the highest qualitics associ-
ated with professional cthics, They will
not be the natural outcome of the ade-
quacy of a ncw building or the cllective-
ness of new equipment; nor will they be
developed in proportion to the efliciency
of the Jatest techniques or materials, The
attainment of these qualities will be a
mecasure  of the example set by the
instructors, both individually and col-
lectively.

The selection of staff, then, assumes
maximum importance. We would like Lo
think thai we are building a staflf whose
stature will be even more impressive than
the building, This programme is alrcady
well established, and we are proud of
the men and women who comprise the
teaching team, Scholarship and skill may
be prerequisite for a pood leacher; but
dedication to professional ethics and serv-
ice is indispensible in a professional
faculty.

You can all recall, perhaps vividly,
from your own student days thosc in-
structors who impressed vou with their
inherent  personal  honesty, kindliness,
integrity and sympathy; teachers who
placed scrvice above self — men who
would not accept ‘good enough’ as satis-
factory but demand your besi.  They
cxemplificd the quelities which are now
and will ‘be in the future the profession’s
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- preatest assets. A single member of the
stall will not accomplish mueh alone, It
requires the collective cffort of il staff
members, woiking all the time, from the
beginning of the freshman year o the end
of the senior year, to imprint the hall-
mark of professional man on the new
araduate.

And now for the participation of the
dental profession in our future plans. If
you, the members of the profession, be-
lieve wheleheurtedly in the profession,
you will be concerned about its fulure.
This is inevitably ticd to the recruitment
of suitable young men und women who
will enter the dental schools of Canada
and subsequently graduate and take their
places among you. IT we are LUnsueeess-
ful in obtaining a suflicient number of
good students, then the numbsr of grad-
uates provided cach year will drop and
the ratio of dentists 1o the population will
deteriorate further. This is « vicious
circle, and can only lead, if it continues,
lo increasing pressure from laymen, busi-
ness men, and politicians for the services
of dentists in their communities, During
the past few months 1 have received in
my ofiice in the neighbourhood of 100
letters pleading for the provision of u
dentist in 2 community. Some of these
are repeal letters, and the concern of the
people involved is quite evident. Under
these circumistances our publie relations
suffer and in due course thesce laymien
and politicians (urn away from the dental
profession and seck service elsewhere,

From time to time 1 am confronted by
members of the profession who say that
they do not feel justified in persuading
their sons or High School students into
taking up dentistry as a career, and the
reasons given are usually: firstly, the un-
certainty of the fulure of the profession,
and secondly, the cost. In so far as the
uncertainty of the future is concerned,
we, the dental profession, are contribut-
ing to it il we do nol believe in the
profession and are not prepured to en-

courage poleniial students o ke e
dentistry. In so far as the cost iy c.-.:.
cerned, a business (ricnd recently poinr, g
oul to me that there were few apeus in
which a man could muke an investne::
in his future and erpect o veeoive |,
return so quickly as within dentistry,
You, the members of the denty Pio
fession, also participate in anouier i
in the stdent's education as a prare..
sionul man. Your example. vour wan .
ence Lo professional concepts, your .
tude toward public relutions, does gy
escape the scrutiny of cithier the und.
graduate student or the new graduty,
There are probably times when Vo
feel that you aren’t given much oppo:-
tunity to contribtite to the cducation
the dental students. Some of vou
have the urge 1o try your hand at ey
ing. Many of you, no doubt, have idy..
of how much more efleetive you coul!
make the cducational programime.
Apart from doing the aclual teachin -.
there are many important ways in whi
you may contribute to dental educat,
L have always maintained that a dene.
school must have behind i a stros
dental alumni association. The active jin

ticipation of the membership of .

alumni association in the support of
dental school provide’s a stimulus to b
stafl and students.

Remember, your educaiion was i
sidized, in part, by someonc, whethe .
was the state or the tniversity, Now 1.
have the opportunity to sce (hat -
funds and scholarships ure availubic ©. -
today’s generation of studenis. One -
the distinguishing characteristies of o ;-
fession is that knowledge is handed o
from onc generation to another — ..
—and our obligation is to add to
sum fotal of that knowledge and '
it all 1o the next generation. Suppei -
Student aid funds by members of the ;-
fession is part of the samn nri '
work.

Again, Jet me repeat that your ex:
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qportant in the development of the
o men and women wha, upen gradis
a, take their place besitz you in tlie
sice of dentistry.

7he young graduate has a lot to learn
--n he finally makes the transition from
.l school to dental practice. Vour
qost and  friendship jn him  at this
- will help to make him o better
st and stimulate him to a” finer
~reciation of his responsibilily to his
ents and fellow practitioners.

ENDOD

One-step Reproduction of Radiographs

9

You sce there arc many ways you can
contribute to dental cducativn, You arc
partaers with us in dental education, and
in the plans we are formulating to mect
tomorrow's nceds.

And so we move on to 124 Edward
Strect fully aware of the chalicnge and
the responsibility which les ahead. The
building is important — but what the
stall accomplish for the students will be
of greater importance to the public and
the dental profession of the future,

ONTICS

John Philpot, Toronio, Ontario

~:-~>are many occasions when endodon-
s end other specialists require a slide
-3 periapical or an extraoral radiograph
-ich, in itself, is either too dense or of
<irregular size for projection by stand-
lapparatus. This incurs added expense
J the inconvenience of having copies
de commercially.  This article is in-
Jed, therefore, to enlighten the prac-
saet on how this may Le underiaken
himself with the aid of the circle-flash.
Many dental practitioners appreciale
4 probably use the circle-flash in con-
“lion with a 35 mm. camera but do
trealize that this apparatus, with very
e oullay, can be adapted for produc-
{ high-quality reproductions of intra-
< and even larger originals when re-
ared,

The sensitive material uscd for this
¥k is Daylight Kodachrome or an
<tivalent filin, and the apparatus is
sstructed from the following:

1. A sheet of opal glass, 2 inches great-
er than the largest film to be copicd.
(Check for complete opalescence;
the type used in an x-ray viewbox
is usually satisfactory.)

-
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2, One porcelain or plastic lamphold-
er and one 100 watt lamp.
3. One feed-throngh switch.

4, A S foot length of light cord (5°

amperes).

5. A small supply of lumber and hard-
ware.

6. A serics of x-ray mounts set in
opaque masks, the size of which
should match the opai glass (Fig.
2).

The apparatus should be assembled as
shown in FFig. 1. No detail of construc-
tion has been given, as this apparatus will
be uscd for difterent-sized radiographs
and to suit varying spacc limitations.
However, Fig. 1 shows the basic design
which can be adapted to suit specific re-
quirements.

When the apparatus has been as-
sembled, a series ol test exposures arc
made in the following manner:

1. The mask holding the radiograph

to be copied is placed on the opal

glass. )

2. The 100 watt lamp is turncd on and
the room lights are dimmed (one
40 watt lamp at not less than ten
feet from apparatus).

92
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Cul of the Past and inio the Fature

ROY G. ELLIS, D.D.S., M.S<.D..* Toronlo, Onfario

Editor’s Note:

The Journal of the Canadian Dental
Association is privileged to publish the
following words written by Deair Roy G.
Ellis. Dean Ellis has modestly refrained
from anentioning his personal tireless ef-
jorts, often in the face of extreme adver-
sity, to bring this colossal Dental achicve-
ment to fruition. The past and the future
of dentistry will remnain indebted o him
and to his commitiee members who cheer-
fully maintained their full teaching, ad-
ministrative and rescarch schedules in
spite of the tremc .dous additional re-
sponsibilities associeted with planning the
building.

Fifty years ago the Royal College of.
Dental Surgeons of the Province cf On-
tario had a moving day. The dental school
took over new quarters at 230 College
Street, During the hali century since, the
achool became a full Facully of the Uui~
versity of Toronto (1925) and has bulged
al the scams wilh overcrowdea classes
following two world wears.

Fiftecn years ago a six-man Commiltee
of the Dental Faculiy sizfl made a detail-
ed rcport respecling the future nceds of
the Faculty. This study was financed by
the Royal Collere of Dentlal Surgeons,

s Pean of the Tacully of Dentisiry
University of Toronto.
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and included funds for the visitation of
a dozen or more of the most up-to-date
dental schools on this continent, Skeich
plans were drawwn up by the Commitice
for a four storey building with a total
floor space of £4,000 squarc feetl. This was
considercd adequate then for classes of
80 students. The projected sile was ihe
city block on Universily Avenue, imme-
diately south of the new Hospital for Sick
Children, which today is occupied in part
by a commercial skyscraper.

Following the release of the 1944 re-
port, a series of events took place which
have had an important bearing upon the
aclivities of the past {three years.

Firslly, the development of an aclive,
integrated program of graduate and post-
graduate cducation was stimulated by
generous financial assistance from the W.
K. Kellogg Foundation during the peviod
1947-40, Iovrever, {he solution to the
problems created by space limitations, was
not 1o be found in 1he: old building.
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New Facully of Dentislry, University of Toronio.
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Secondly, in 1951, the Onlario Govern-
ment concluded a survey of the health
needs of {he Provinee. In respect to den-
tistry the recommendation was that 120
new graduates were required annually.
Only 15 could be accommodated in the
existing facililies,

Thirdly, the establishment of the Divi-
sion of Dental Rescarch in 1951, and the
magnificent response of the members of
the dental profession a year later 1o the
appeal for financial support of research,
triggercd further demands for greatly in-

creascd space for denial educalion and
rescarch.
Fourthly, and again  with assistance

{from the Kellogg Toundation in 1951, the
training of dental hygicnists was inaug-
urated, and again space Was the lmiting
faclor.

Therefore, with all these corapelling
reasons pointing o the need for new and
Jarger quariers for yesearch, and the edi-
cation of dental personncl, it is not sul-
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prising that in Marceh 1834, the Ontorio
Government announced in its annual bud-
get the inclusion of the sum of one mil-
tion dollars as a “‘special capital graut {o
the University of Toronto for the expan-
<don of ils College of Dentisiry”, This set
in moltion the sccond study during the
decade 1944-54 of the feasibilily of mod-
cernizing and expunding the building al
230 College Streel. One vear laler il was
dcnumsll‘ntc:d that the expenditure of {wo
million dolars in this way would malc
possible the addition of only 8 denlal stu-
dents, and 6 dental hygicenists to cach
class. More disturbing still, thiz plan
would climinate any possibilily of intro-
ducing new concepls inlo undergraduale
dental education or provide adequately
for the other nceds.

Thus, carly in 1955, five* of the original
1944 Commitice of six men, found them-
selves parlicipaling as members of an en-
larged building Commitiee. However, the
een ‘go ahcad' light had alieady shown
amber as further visils to dental schools
and preparations of plans for a new build-
ing were authorized.

It soon became cvident that the 1944
concept was inadequate and  required
radical revision for the reasons outlined
ubove., The 1944 pilans for &4G00 squarce
feet of space on four floors mushroomed
to six floors covering an area of approxi-
malely 184,000 square fect. Symilerly, the
cost of the 1944 sile had increased tenfold,
representing over one million dollars, and
it was reluctanily abandoned in favour
of more building on a less coslly site just
to the cast.

From carly in 1956 to the present date
the Building Committee has held approxi-
mately 100 meetings. They prepared and
studied dozens of detailed memoranda on
zuch subjects as “traflic flow in the build-
ing”; wall, floor and ceiling finishes;
lighting requirements; lecture room re-
quirements; parking space; locker rooms;
tummon rooms; heavy cquipment; student
istrument  kits;  sterilizing equipment;

—

‘ '_}’. G. Andcrson, R. T, Godlrey, J. 11, Johusen,
C. H. M. Williams, and 1. G. Ellis)
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closed cireuil {elevision equipment, and
many others, Throughout the hol suminer
months of 1956 the Commitlee mel on sev-
cral occasions with lhe architecl and Uni-
versity authorities to press claims for the
inchiision of air-conditioning in the build-
g, but wilhoul avail.

However, in spite of some disappoint-
ment along the way, the new building is
modern, contemporary in design, and col-
orful. Py way of contrast, the overcrowd-
cd conditions of the former building have
given way {o ruominess; poorly lighted
laboratorics, once rclieved only by stu-
dents bringing desk lampe, are now cheer-
fully bright undcr fluorescent lighting;
dusty wooden floors in the main clinic are
novw atiractive linoleum tile; finger mark-
cd painted walls in corridors, student and
patient avcas have been transforimed with
colorful motlled ceramic tiles, and {rus-
trating acoustic problems have been
climinated with the use of acoustic tile
on the ccilings throughout the new bwid-
ing.

Features of the building, which will be
formally opened on November 25{h, in-
clude: closed circuit {elevision; one clinic
room cquipped with 124 dental units (all
with airotors installed); ramps for pa-
tients as they proceed to any one of the
seven clinical arcas located on the ground
floor and the one above; three lecture
rooms, cach coraplele with  instrument
nanels on the podium for the control of
two types of room lights, molorized
screens, and  projection  cquipment; a
quiet, pleasant room for 120 rcaders as
the focal point in a well-planned library,
and many others,

Research quariers occupy most of the
fourth and all of the fifth floors, wilh
cxcellent laboratories for almost any as-
peet of rescarch in the biological fields
related to dentistry. This includes sep-
aralec and carefully controlled space for
cxperimental isotope work.

In the clinical arcas special aspeets of
cleanliiress contral are featurcd. Two huge
combination slerilizers have been install-
cd, cach capable of being operated by
sleam or gas (ctl.ylene oxide). The latler
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is used not for heating purposes bul to
sterilize perishable cquipment with a safe
gas, for cxample, handpicees, endodantic
instruments, rubber gloves, and so on.
Closed cireuit television equipment has
been installed after experimenting with
ils use and application during the past
three years. In some arcas a clinical dem-
onsiration can be scen cqually well by a
whole class of 124 students, instead of re-
peating  the peration many  times 1o
groups of § or 10, A dozen pick-up points
for programs have been provided in the
building, with 21" screen -plug-in points
seatlered throughout. The main programs
will likely originate in the felevision stu-
dio on the third fleor, and be received in
the 350 seat lecture room where more
{han one class can be accommodated at a
L time. Television as @ feaching medium
will not replace the present convenlional
methods, but will serve as a useful ad-

junct.

Tho new and very modern fealures will
sinined pglass window,
Yilhinott, one of

be tempered by a
henouring J. Dranston
the founders of the school in 1875, which
was a fealure of the main stairway at 230
College Street. This window, residing now
in a suitable place in the new building,
along with several bronze plagues, a num-
ber of oil portrails and a pair of beauli-
fully carved crests of the University of
Toronto and the Royal College of Dental
Surgeons will preserve our traditions and
ties with the past.

The dental profession should be aware
of the facl that the physical plant alone
will not make for success in dental edu-
cation, Most important of all is a well-
prepared, dedicaled stall. We are confi-
dent that we have a stafl whose staturce is
just as impressive as the building.

124 Edward St.

The Tragedy of the Traumalized Anterior Tooth

GEORGE C. HARE, D.D.S.,

1 supposc that therve is no {ime in the
practice of dentistry when one feels so
helpless and heartsicl as when a yvoung-
ster is brought to the ofiice with a badly
traumatized anterior tooth. How often we
have heard it said that if only she had
broken an arm.or leg it would not have
been so bad. An arm or leg will renair
butl when a tooth is fractured it will never
be the same again. For all too many years
the problem has been solved Ly the re-
moval of the damaged tooth, but when
you look back upon situations which you

L Eanrinlinb sttt B aarantns

..... e e = e

Toronlo, Onlario .

have met in this manner was the problem
really solved? If we are honest with our-
. selves we know that rather {than solvin:
the problem e simply made more difn-
cult problems. Let us consider a child of
ten years of uge who fracturcs an anteriov
toolh. If the toolh is removed it is b
that the immediate problem is solved but
what of the future? Fixed bridgewors
cannol be inserted al this time withou!
endangering the pulps of adjacent feeth.
The space must be maintained and theivs
fore a parlial denture is placed in thi
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Manpower in Dentistry — The Dentist

R. G.ELLIS, D.D.S., M.Sc.D.,* Toronto, Ontario

“Manpower in Canadian Dentistry” is
the general topic for consideration by the
panel. I suppose some of you would ap-
plaud if I could provide you with a con-
cise, accurate statement regarding the
- dental personnel needs of Canada during
the next twenty to twenty-five years. Per-
haps the majority of you would not be
prepared to accept the stark reality re-
specting the next two or three decades
if I got close to dortraying an accurate
picture and I might even be burned at
the stake for attempting to assume the
role of a prophet. I remain calm in the
face of this dire consequence knowing full
well T probably won't get remotely close
to reality. In fact, I have to admit that
in my first serious attempt! to do some
“crystal ball gazing” 1 found myself
rapidly becoming part of the problem,
rather than contributing to the solution.
Discouraging, to say the least.

Suffice it to say, I believe there will
be a need for more and more dentists—
come fluoridation, more public health edu-
cation, or positive preventive measures.
But — How many! That is the question.

PRESENT RESOURCES

A convenient place to start from, and
possibly the safest, is to recall some
known facts regarding the present ratio
of denlists to the population. At the be-
ginning of 1960 the ratio for all Canada,
according to the Canadian Dental Asso-
cialion was 1 dentist to 3,018 people, and
in the U.S.A, 1 to 1697, Why the dif-
ference?

* Dean, Faculty of Dentistry, Universily of Toronto.

Before attempting to answer that ques-
tion let us look al a few more detailed
figures for Canada. The provincial figures
range all the way from 1 to 10,441 in
Newfoundland, to 1 to 2,403 for Ontario.
The County 6f York in Ontario, with 1
to 1,638, compares favourably with the
ratio for the whole of the U.S.A. Are
these wide variations significant from the
standpoint of the future -— do they mean
anything to us at the present time?

An important factor to consider in ar-
riving at a recasonable ratio of dentisis
to the population in any country, prov-
ince or community is the concentration
of the populalion in the area. Other fac-
tors affecting this ratio include the eco-
nomic stalus of the people in the area,
the level of general education of the
people and particularly health education.

To suggest that Canada might require
a ratio of dentists to the population, simi-
lar to that for the U.S.A., would be un-
realistic because of the great difference
in concentraiipn of the populalion. There
is an average of 58 people to the square
mile in the U.S.A., while only 14 in
Canada (excluding the Northwest Terri-
tories and Labrador). To arrive at a form-
ula based on the integration of all the
divergent facets of this problem would re-
quire the work of a mathematical genius.

The figures for Canada do point up the
special problem, peculiar to a large coun-
try with a scattered population — with
some areas enjoying a higher economic
level than others and with variations in
general education. Under these circum-
stances wide differences in the ratio of

3
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dentists to the population are inevitable.
Therefore, our problem is not alone one
of a shoriage of denlists, it is one of dis-
tribution. I hear members of the profes-
sion say we don’t need any more dentlists
in our area. However, there are a great
many isolated communuities which indi-
cate that a dentist is urgently needed. We
should not forget ihat these communities
have the car of the politician and the
seriousness of this question of distribu-
tion should not be overlooked.

PROJECTED RESOURCES AND OBJECTIVES

In the remaining time allotled to me,
I should like to draw your attention to
three aspects of this topic. First of all,
let us project through to 1980 what the
glentist—population ratio will be if there
are no new dental schools established in
this period and if the existing dental

_sehool facilities in Canada are by 1965

producing new dentists at full capacity
rate. This involves the study and integra-
tion of the growth of population through
to 1980, of the number of active dentists
who will be on the provincial registers
during this entire period, and the effect
on the overall numbers in practice by the
addition of new graduates.

This year, 1960, the population of Can-
ada is well over 17 million. From the
Gordon Royal Commission Report on Eco-
nomic Expansion you see in Table 1 the
forccast of Canadian population growth
through to 1980. It is to be noted that
the actual 1960 figures are running a little
ahead of the high estimate contained in
Table L.

Table II shows the estimated number
of dentists through to 1980 assuming that
the present six Canadian schools will be
graduating full capacity classes (317) by
1965 and thereafter.

Based on the population figures just
examined in Table I and the estimated
number of dentists shown in Table II, in
Table III it will be seen that the ratio of

dentists {o the population may improve
slighily through to 1980.

Ilowever, the improvement is slight and
failure to maintain the cexisting dental
schools at full capacity could mecan thal
the ratio would remain static. A fall-off of
15 percent to 20 percent below full capa-
city would resull in a gradual {further de-
terioration from the present ratio. As a
matter of fact, the 1960-1961 freshman
classes in the Canadian dental schools are
15 percent below capacity and this means
that in all probability the graduating
class in 1964 will be reduced by the same
percentage. The importance of the re-
cruitment effort for dental students is
vital to this program. Each member of the
dental profession should consider that he
is on the front line of the recruitment
effort,

TABLE |

Canadian Population Eslimoles from the
Gordon Royal Commission

Date Low Estimate Hiah Eslimate
1960 17,370,000 17,650,000°"
1965 19,220,000 19,820,000
1970 21,160,000 22,130,000
1975 23,310,000 24,670,000
1980 25,770,000 27,530,000

¢ Dominion Burecau of Slatistics gives population for 1960
os 17,814,000.

TABLE i

Estimated Number of Conadian Denlisls assuming
graduating classes equal folal copacity of schools
{317) after 1965

69 Years of | 70 Years of
Year Age or Under | Age or Over Total
1960 5524.9 330.0 5854.9
1965 6117.6 457.0 6574.6
1970 6851.6 668.2 7519.8
1975 7740.2 662.2 8402.4
1980 8664.2 560.5 9224.5

Source: Division of Denial Research,

Faculty of Denlistry,

University of Toronto.
Survival rotes computed using Commissioner's 1941 Stand-
ard Ordinary Morlality Table.

T %
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TABLE 1

Projccted Ratios of Population per Denlist in Canada based on Gordon Reoyol Commission
Population Eslimales and Dental Manpower age 69 years or under from Table 1l

Low Population High Population
Date Estimale Estimale
1960° 3143.9 3194.6
1965 3141.8 3239.8
1970 3088.3 3229.9
1975 3011.6 3187.3
1980 2974.4 3177.5

% Bosed on Dominion Bureow of Slofistics 1960 population,

Under these circumstances it is impera-
tive that we deal separately with the dis-
tribution problem. Provision of adequate
bursaries for carefully selected students,
which would assure them of their ex-
penses throughout their course, in return
for a reasonable term of service in select-
ed rural communities, would work toward
rectifying some of the present discrep-
ancies, The law of supply and demand is
irrefutable, While the supply of dentists
is below the requirements: to meet the
demands for all areas, the majority will
gravitate to the regions of maximum de-
mand, namely, the communities where the
population is most heavily concentrated.

The second observation I would like
to make is based on the assumption that
the slight improvement shown in Table
111 is not satisfactory and that we must

The 1960 ralio is 3224.8.

aim at improving the denlist-population
ratio by 1980.

Table IV shows whal will be required
to reach various objectives by 1980.

Suppose we aim at 1 to 2,500. This
requires graduation of 317 new dentists
each year from 1965 to 1968 and there-
after to 1980 an additional 133 each year,
for a tolal of 450 per year.

To set our sights on a ratio of 1 to
2,000-2,200 would involve doubling the
ouiput by 1968 and contlinuing with 650
new graduates a year to 1980.

Returning to ihe objective of 1 to 2,500
by 1980 which seems to be more realistic
and involves an additional 133 graduates
a year, commencing in 1968, the addi-
tional facilities, probably two or {hree

TABLE IY

Estimoted Denlal Manpower 69 years or younger in 1980 according lo varying number of new graducfes
from 1968 until 1980

Estimatle of
Increase over Total Graduates Total Denlists Population per Dentisf
present copacily per year in 1980 25,770,000 27,530,000

Decreose 67 250 7,871 3,274 3,498
" 17 300 8,463 3,045 3,253
Increase 33 350 9,055 2,845 3,040
B 83 400 9,646 2,672 2,854

" 133 450 10,238 2,517 2,687

" 233 550 11,423 2,256 2,410

B 283 600 12,014 2,145 2,291

" 333 650 12,606 2,044 2,184

" 383 700 13,197 1,853 2,086

Source: Division of Denlal Research,
Facully of Dentistry,
Universily of Toronlo.

g9
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moderate sized schools, will have to be
buill and register their first classes by
1964. Planning for these schools should
be underway now.

Occasionally, members of the profession
will ask why it is that the output of the
denial schools could not be increased by
acceleraling the curriculum or by greatly
increased registration. Acceleration of the
course would involve reduction of the
summer vacation period and a shortening

_of the total length of the course. Such a
prograrmn was advantageous in the emer-
gency war years bul our experience and
that of the majority of dental educators
leads us to believe that this is not the
answer. 5ludents must have time to relax
mentally between sessions in order to be
able to survive during the very concen-
trated effort they put forth in any aca-
demic year~This is very steadfastly main-
tained by educators generally. Greatly in-
creased registration is dependent on ihe
availability of .sufficient candidaties and
even if they were available, there is a
serious danger involved in mass educa-
tion.

Pracricar OBJECTIVES

For my third and concluding observa-
tion I must return 1o the “crystal ball”.
I see in it the necessity for improving
the ratio of dentists to the population,
as the concentration® of people in this
countiry increases, with an increasing
population. But I sense also tremendous
difficulties in reaching the objective of
even 450 new graduates a year by 1968.

The more practical approach to the
figure 1 to 2,500 would be to increase
training facilities on a gradual basis—
with one new school accommodating 60-75
students in a class, and functioning by
1968, another of similar size by 1973-and
another by 1978: I would couple with this
the student bursary program designed to

CDA 962 Printed in Canada

bring aid to the more isolated communi-
ties. During the gradual build-up period,
ample opportunity would be afforded for
assessing the influence of {uturc preven-
tive mecasures, health education and im-
provément in cquipment (e.g. high speed)
and office procedures, on the dentist-pop-
ulation ratios.

Coupled with these factors will be the
integration of auxiliary personnel into
the practice of dentistry and their effect
on the manpower situation. I am thinking
particularly of the dental hygienist, and
the more efleclive use of the dental as-
sistant. In my opinion, our future is de-
pendent upon our abhility to graduate new
dentists in ever increasing numbers along
the lines I have suggested and at the
same time to integrate more effectively
than we have done in the past auxiliary
personnel inlo the dental team.

RiEsuME

Notre pays,' malgré -1a fluoration, malgré
une ¢ducation plus grande du public en
mati¢re d’hygiéne dentaive, malgré des me-
sures de prévention, aura besoin de plus en
plus de dentistes.

La population du Canada qui se chiffre
présentement a 17,814,000 va dépasser les
prévisions de la Commission Royale Gordon
pour l'année 1860.

JLes prévisiens pour 1980 sont de 27,530,000
Ames. Les disponibilités actuelles pour former
des dentistes, méme fonctionnant a plein
rendement ne pourront pas amédéliorer dans
Vavenir la proportion des dentistes en rap-
porl a la population. On croit, pour étre
réaliste, qu'une proportion d'un dentiste pour
2,500 personnes constiluerait un objectif sou-
haitable pour les prochaines vingt années.
Cela veut dire une moyenne de 133 diplomés
additionnels & partir de 1968, On vpourrait
atteindre ce butl en élablissant deux ou trois
facultés dentaires moyennes, une en 1968, une
en 1873 et une en 1878. On devrait aussi
ajouter a ces disponibilités supplémentaires
pour l'enseignement un systéme de bourses
pour les éludiants, organisé pour aider les
municipalités éloignées qui n'ont pas de den-
tistes en nombre suffisant pour leurs besoins.

124 Edward Street










PREFACE TO SECTION III

Traumatized Anterior Teeth in Children

Injuries to the teeth of children were identified as one of the most
distressing problems with which the general practitioner of dentistry
had to cope, on a day to day basis. From both the restorative and
preventive standpoints, injuries presented a challenge which had

to be met, invariably as emergencies. Management of such emergencies
and even subsequent treatment of traumatized teeth, prior to the
1940's was haphazard and it was fortuitous if treatment of such
teeth, terminated with a favourable result. It was recognised

that a scientific basis for treatment was essential, if dentists

were to approach these problems with confidence and some assurance

of success,

Extensive study and clinical research resulted in the publication
in 1945 of the first edition of the 1Clagssification .and Treatment
of Injuries to the Teeth of Children". It was reprinted several
times and revised at intervals with the Fifth Edition, coming

off the press in 1970. The author invited participation of a
co-author, in the revision for the Fifth Edition. A copy of the
Fourth Edition, 1960, forms part of this submission.

Reviewers of the Fourth Edition, as with previous editions, have
been generally very complimentary. Elsie Gerlach, writing in

the Journal of the American Dental Association in October 1961
observed: "This excellent manual should be on the reference book
shelf in every dental office. It provides information in a
concise and lucid form for the dentist confronted with the problem
of caring for an accidentally injured incisor'.

In 1963, Editorial Mundi of Buenos Aires, printed it in Spanish,
for the profession in South America and the next year permission
was sought to have it translated into Japanese, for distribution
in that country.

There is a good deal of evidence that this publication is the
reference text used and recommended by many dental schools in
the U.S.A., and Canada.

Perhaps this publication has provided a scientific basis for
coping with some of the complex situations attendant upon accidental
injuries to the teeth of children.
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the number is sipnificantly Jarge, Perhaps
vou will agree with those who claim these
aceidents to be on the increpsc. t is ap-
propriate that we reca fhe opinion €X-
pressed by one author who anid that pro-
truding front tectll are among the “hall-
marks of modern civilization” Protruding
front teeth with little or no lip coverage
are vulperable to accidental trauma.

Diagnosis and tre:ttn.wnt-plmming should
be systematic and positive. Delay and pro-
erastination wmay yesult in irreparable
damage to jrreplaceable vital tissues.
large pcrccntage of those cascs, if given
immediate, well-directed emergency treat-
ment, will respond favourably.

Three requirements must be fulfilled be-
fore procceding with treatment: firstly, &
brief history of the case and the patient’s
complaint; sceondly, 2 carcful clinjeal ex-
amination; thivdly, 2 1-00:1'.'5_:cnulogical ox-
amination for immediate use and also for
comparison with subsequent ToeNLEeno-
grams. The importance of the latter point
cannot be overcmp‘hnsized.

In an attempt to simplify treatment-
planning, 2 classification of injuries to
teeth has been sugpested as outlined below.

Class It Simple fracture of the erown-—
involving little or no dentine.

Class 11: BExtensive fracture of the
Cerown—involving considerable den-
tine, but not tho dental pulp.

Class 11I: Extensive fractare of the
cmwn——-involving considerable den-
fine and exposing the pulp.

Class 1V: The traumatized tooth which
becomaes nou-vital-—-with or without
loss of crown structure.

Class V: Tooth lost as result of traum:s.

Class VI: Fracture of the yoot—with
or without loss of crown structure.

Class VII: Displacement of a tooth—
without fracture of crown or root.

Class VIII: Fracture of the erown and
its replacement.

Class IX: Traumatic injuries to decidu-
ous teeth. .

Great caution should be exoreised when
discussing with the parent {he prognosis
of an injured tooth. Despite evidence of
only a minor injury, the mo-t unexpected
complications develop,

Remember that the pulp of an injured
tooth may be suffering shock, and treat-
ment, pm'ticulnﬂy during: the exitical ve-
covery period, must avoid further irritntion.
An injured tooth should be protected from
external traumata for some time after the
accident and yequires an indefinite periot
for its recovery.
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Treatment may be resolved brielly into
three phases: (1) Emcrgency, (2) Interme-
diate, (3) Final,

Emergency treatment should be designed
to protect the injured tooth from further
jrritation during the 8-10 week critical re-
covery period. Place the injured tooth at
rest, if possible.

Intermediate trealment embraces resto-
rative procedures. Intermediate restora-
tions must be stable, with some degree of
permanence, aesthetically satisfactory, and
involving a minimum amount of prepara-
tion. This temporary resteration may be
in place for several years depending on
the age of the child at the time of the
accident.

The final phasc of treatment may be con-
sidered when the tooth is more mature.
It usually involves more cxtensive prepa-
ration of the tooth. In most cases of
fracture the time which elapses from the
emergency treatment stage to the final res-
toration may be a matter of 1-9 years.
During that period the tooth in question
should be under continual observation with
roentgenograms and vitality tests.

In the brief time at my disposal I should
like to discuss threce of the comimonest
problems encountered in the treatment of
injured teeth. These are:—

1. Protection and treatment of the
pulp.

2. Root therapy for the non-vital tooth.

3. Restoration of the fracturcd tooth.

Protection of the Pulp.

The behaviour of the pulp to irritation
is well summarized by Kronfeld(®: “The
pulp is an extremely sensitive organ which
reacts very readily to amy irritation or
injury. A severe injury may even cause
immediate death of the pulp while a lesser
injury canses a typical inflammation known
as pulpilis.” Because the pulp is enclosed
in an unyielding caleified chamber, there
can be no compensation for an increased
supply of blood which accompanies inflam-
mation. In the young tooth with an incom-
pletely developed root apex and in the case
of the tooth with a root fracture, there is
some provision for collateral circulation
which compensates for the inereased blood
supply. From clinical experience, however,
we are impressed with the extraordinary
recuperative power of the pulp tissue in
the young healthy tooth, following acci-
dental injury.

Consideration of pulp protection begirs
with the simple case of the tooth which is
Injured but which shows no outward signs
of injury. Numerous cases have been seen
In which two maxillarvy cenfrals have bren
Involved, one suffering o fractured crown
and the other remaining intact. Quite
commonly the tooth with the fractured
crown remains vital while the intact tooth
sulfgrs pulp damage which leads to ne-
¢tosis. We know.of no therapeutic mea-

sures which can be applicd to restore the
inflamed pulp in the non-fraclurved tooth.
We would sugrest, however, that place-
ment of the injurved tooth at vest js desiv-
able il possible.

In the Class II cases where the crown of
a tooth is fractured with considerable ex-
posure of the dentine, but not an actual
exposure of the pulp, eperative procedures
for pulp protection may be requived. The
objective of emergency treatment in these
cases is to prevent further irritation to
the already inflamed pulp. This treatment
includes avoidance of the use of strong
irritating drugs on the exposed dentine and
placement of the tooth at rest., The steps
in protection of the pulp in the Class II
case are as follows:—

Clean all debris off the fractured crown
of the tooth, using routine methods but
observing great care not to injure the tooth
further, Select a celluloid or resin crown-
form and contour it to fit accurately the
entire crown of the fractured tooth. Ex-
amine the form for possible tissue im-
pingement and also then for clearance in
all functional biting positions. Remember,
the tooth must not suffer further traumatic
injury through function. Lay the form
aside and dry the isolated tooth. Cover
the exposcd dentine with a suitable mix
of a rapid-setting, capping paste. Care
should be excrcised to avoid pressure on
the dentine during this and subsequent
procedures. After the capping pasie has
set s0 that it will not be readily disninced,
seal the fractured end of the tooth with a
layer of cement. There are two alterna-
tives in placing the protecting form on the
tooth. If a celluloid form has been used,
prepare a creamy mix of cement; partly
fill the form and scat to place over the
tooth. This form will remain in place for
a period of eight to ten weeks only if it fits
accurately and covers the entire crown of
the tooth.

With the introduction of the self-curing
resing an alternative for the seating of
the crown-form presents. In this proce-
dure a resin-form should be wused. A
satisfactory shade of the resin filling ma-
terial is selected and a suitable mix is
made and the form partly filled with the
mixed resin. The form is placed over the
tooth and the resin allowed to polymerize
for a period of four minutes. At the end
of four minutes, the crown-form with its
lining of resin is removed from the tooth
and the process of polymerization goes on
to completion, This resin cap is then
cemented in place on the tooth with oxy-
phosphate cement, In both ecases, just
prior to cementation of the celluloid form
or the modified resin-form to the fractur-
ed tooth, it should be perforated with
a No. 3 Round Bur on the lingual side
about two millimetres from each of the
incisal angles in order to allow for the
ready escapc of excess cement. The re-
tention and the aesthetics of the second
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type of restoration are betier, but occasion-
ally one is confronted with a grealer
degree of bulk, The patient should be ad-
vised before dismissal to report at once if
pain should be experienced in the mnear
future. Otherwise a rest period of eight
to ten weeks is allowed, following which
the patient is recalled and the injured tooth
re-examined cavefully.

I
Protection of the Exposed Pulp.

Thea pulp exposure may be 2 minute pin-
point involvement of one or both horns of
the pulp, or the entive bulbous coronal por-
tion of the pulp may be cxposed. Accord-
ing to the type of exposure, the length of
time the pulp has been exposed, the age of
the patient, and the general staius of the
pulp, there ave four possible procedures in
treatment. These are:—

1. Pulp capping. )

2, Pulpotomy (partial removal of the
pulp).

3. Pulpectomy (total removal of the
pulp).

4. Extraction of the tooth.

The degree of success in treatment will
depend, firstly, on the accuracy of the
diagnosis made as to the status of the
pulp and, secondly, upon the adherence to
sal'.isti'actory methods in implementing treat-
ment.

Pulp Culling.

For a minute exposure of shori duration
in which there is little cvidence of haemorr-
hage and where the root apex of the tooth
is almost completely closed, pulp capping
may be undertaken with reasonable hopes
for success. The technique vavies very
slightly from that already described for
the Class IT case. Ageain we stress that
no strong irritating drugs should be used
on the pulp and pressure from the capping
material must be avoided at all costs, A
capping paste of calcium hydroxide and
distilled water has been used by many
clinicians with considerable success. Other
capping materials have been described in the
literature from time to time. Where there
are complications such as roob fracture or
displacement of the tooth, pulp capping is
contraindicated. In these cases the proce-
dure of choice recommended is either pul-
peetomy or extraction of the tooth.

A slight variation from the procedure
deseribed for the Class II case should be
introduced at the stage of cementation of
the ecrown-form placed over the tooth. In
order to facilitate removal of the crown-
form at the end of the eight to ten-week

* period without encountering re-exposure of

the pulp, the surface of the cement casing
covering the cupping material should be
lubricated just prior to eementation of the
crown.

Pulpotomy.

While partial removal of the pulp is an
exacling procedurc and rtequires strict
adherence to principles of asepsis, never-

theless it has been uscfully employed in
certain cases. Among the factors indicat-
ing the use of the pulpotomy technique
are: the case of extensive exposure of the
pulp; where the pulp may have been ex-
posed for several days; where the root apex
is wide open in the very young patient, but
where there is definite evidence of vitality
in the pulp. Just as with pulp capping, so
with pulpotomy, the cases selected  for
treatment by this method should be care-
fully chosen. 'The chief objeetive of the
pulpotomy technique is to maintain the root
portion of tho pulp in a vilal state until
such time as complete formation of the root
apex has taken place. Various techniques
have been described through the literature,
but the one used by the author is briefly
as follows:i—

The pulp in the exposed tooth is anaes-
thetized by infiltration  or conduction
annosthesia, The tooth should be isolated
and all instruments used must be sterile.
The field of operation must be rendered
aseptic and good access obtained to the
coronal portion of the pulp with the use of
sterile  burs. With sharp instruments,
preferably not burs, the pulp is severed at
the level corresponding to the junction of
the cementum and enamel. Haemorrhage
may be controlled with eampho-phenique.
Bleeding will only be serious in eases where
the pulp is lacerated. After the haemorr-
hage is controlled, a waiting period of five
to ten minutes is allowed for serum sccp-
age to take place. The pulp stump is then
capped with a suitable capping paste such
as caleium hydroxide and distilled water.
Pressure on the pulp stump must be avoid-
¢d in this process. Suecess in the pulpo-
tomy technigue is dependent upon sterility
in every stage, careful severance of the
pulp, and the aveoidance of pressure in the
capping procedure. Toliowing completion
of the operation, the tooth should be given
a rest period of six to eight weelis, Within
three to six months, evidence of a bridze
of dentine at the line of severance of the
pulp should be seen in an NX-ray. In addi-
tion, the radiogram may be used to follow
the normal progression of completion of
the root apex. If there is no evidence of
root apex development within a reasonable
period of time (say one year), then it is
possible that failure has resulted. The use
of the vitality test in these cases is not
satisfactory. Detection of failure at an
carly stage, particularly before periapical
breakdown occurs, permits one to proceed
with root therapy for these cases. This
brings us to the second common problem
fo be considered in relation to injuries to
the teeth of children.

Root Therapy.

Coolidge(®) has expressed admirably the
objectives of root canal therapy. He
writes: “The purpose of pulp treatment
and root canal filling is to prolong the use-
fulness of a tooth so that it may function
in mastication after the loss of the pulp,
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without havin to the host.” We might add
that in the case of the young patient where
root therapy is indicaled for a tooth which
has been traumatized, the non-vital tooth
is useful if only as a space maintainer
during the period when growth and develop-
ment of the arch is taking plaece. The
loss of a tooth during this period prescnts
us with a serious problem in replacement.

The types of cases encountered under
the heading of “Root Therapy” may in-
clude the foliowing:—

1. The exposed vital tooth in which pulp
capping or pulpotomy are contra-
indicated.

2. The tooth with a completely formed
root apex which has become non-vital
during the eight to ten-week rest
period following emergency pulp pro-
tection outlined previously.

3. The non-vital tooth with a wide open
root apex.

You may be called upon to deal with any
or all of these types in rendering service
for traumatized teeth. As with any form
of modern surgery involving bone (at the
root apex) the fundamental consideration
is mainfenance of asepsis not only of the
instrumients and dressings used, but also
of the entire field of opcration.

Vital pulp extirpation.

Anaesthetize the pulp by infiltralion or
conduction anaesthesia; isolate the tooth
and sterilize the field of operation. Open the
pulp chamber with sterile burs until good
access is obtained to the canal. Remove
the pulp and control the blecding with
sterile paper points. Enlarge the canals
with reamers and files. The exact lengih
of the tooth should be established by radio-
graphic means. The lenglth chould be re-
corded on the chart. Irrigate the canal
with chlorinated soda and hydrogen perox-
ide to remove all debris. (Always end
irrigation with chlorinated soda.) Dry the
canal wilh large paper points. Remove
the sharp point of a small paper point and
moisten the balance of the point with eu-
genol. Place this point in the canal as a
dressing followed by a pledset of dry
sterile cotton in the pulp chamber, Cover
the cotton with gutta percha and seal the
orifice with temporary cement. Dismiss
the patient for three to four days. At the
second appointment, apply rubber dam and
sterilize the field of operation and remove
the dressing previously inserted. Proceed
and make culture from the canal. With
several large paper points absorb any ex-
cess medicament which may be left in the
canal. Discard these points. Then remove
2 small paper point and insert it into the
Tool cunal, being careful not to traumatize
the periapical tissues. Leave this point a
the canal for one minute. Remove inis
Foint and drop into a tube of sterile culture
media and incubate for 48 hours. Irrigate
‘he root canal again with chlorinated soda
and hydrogen peroxide. Dry the canal and
zert a further dressing on a paper poiat

and scal the canal as previously. The
patient is dismissed for two to three days
during the period of incubation of the cul-
tured dressing.

If the bacteriological repert is negalive
at the third wvisit, we may proceed with
the obliteration of the roof canal. Again
all efforts should be made to obtain a sterile
field of operation. With the aid of the
radiograph measure the length of the canal.
Gutta percha cones are selected which will
fit snuggly at the apex of the canal and
are cut to the desired length. Dry the
root canal with hot instruments or with
alecohol and blasts of warm air directed
toward the root canal. A mix of root
canal cement is prepared on a sterile slab
with a sterile spatula. Roll one measured
gutta percha cone in the cement and use
it to coat gently the inner wall of the root
canal with cement. Carry the cone into
the root canal until it is flush with the in-
cisal edge of the tooth. Additional mea-
sured cones are placed in the canal and
with the aid of a No. 3 root canal spreader,
these cones are condensed in the canal. The
average canal will require many such cones
before it is completely obliterated. Sub-
sequent yadiograms are employved to deter-
mine the success of this operation. When
the filling is shown to be satisfactory radio-
graphieally, eut the gulta percha cones
back {o the floor of the pulp chamber with
a hot instrmment. Cleanse the pulp cham-
ber thoroughly with chloroform and fill the
canal with temporary ccoment.

Non-vital tooth with closed apces.

The author has observed on nunmerous occa-
sions the development of an arca of radio-
luceney about the apex of an injured tooth.
These arcas usually develop very rapidly
and attain considerable proportions in a
short time. Careful root therapy and
obliteration of the root canal in these teeth
usually results in just as rapid disappear-
ance of the area of rarefaction. There-
fore, it is well to proceed with the root
therapy in these cases and delay subsequent
root resection for a period of three to six
months observing cavefully further changes
at the root apex following obliteration of
the root canal. The procedure for treat-
ment of the non-vital toolh, whether in-
fected or not, is similar to that deseribed
in the previous paragraph for the vital
tooth from which the pulp has been extir-
pated. The chief point of diiference is
directed toward the infection which may
be in the canal. Great care should be
exercised at all times to see that none of
the infection is forced beyond the apex
during instrumentation. The antiseplic
dressings placed in the canal between ap-
pointments should be slronger and design-
ed to take care of pathogenic organisms.
The principle of drug rotation sheuld be
applied in root canal therapy, using two
or three medicaments if necessary. The
adaptation of the antibiotics to root therapy
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has greatly facilitated the establishment
of asepsis-in root canals. :

The non-vital {ooth wilth open apcx.

The tooth with the open apex presents
In the first in-
stance it is relatively easy to push infection
beyond the apex if one is carcless with
instrumentation. In the second place,
corpletely obliterating the pulp canal fo
the apex and no furtheyx is a very difiicult
procedure. The detail in treatment is
similar for this type of case to the cases
already outlined except that great care
should be used not to irritate the apieal
tissues. The filling of the canal is more
exacting. Ivery conc used must Le cut
to the exact length of the tooth, and no
conc must pass above the ineisal edge of
the tooth. Some of these large canals will
regquire as many as twenty to thirty gutta
percha points to obliterate the ¢anal com-
pletely. Dr. G, C. Hare® recommends a
modified lateral condensation technique for
use in the tooth with an open apex.

Not infrequently root resection may be
empioyed to climinate stubborn infection
at the apex of the tooth.

A Temporary Restoration for a Fractured
Crown,

After a fractured tooth has been made
comfortable with emergency treatment, and
a period of eight to ten weeks has elapsed
from the time of injury, if the pulp is still
vital, we are faced with the problem of
restoration of the tooth. It Is wise to
regard the tooth as a sick tooth and not
subjeet it to further irritation, in the pro-
cess of preparing the tooth for the restora-
tion. Failure to restore the tooth at this
stagre is to invite complications of serious
proportions. Drifting of the fractured
tooth, and of the tecth opposing the frac-
tured tooth, may render the restoration of
the crown at a subsequent time a very dif-
ficult problem, The length of time that
this temporary restoration will be in place
depends on the age of the child at the time
of injury. It will vary from a few months
to several years. Its replacement with a
permanent restoration is dependent upon
the normal physiological development of
the tooth. While many other forms of
temporary restorations have been used
during the years, the gold and acrylic res-
toration has given the greatest degree of
satisfaction.

Preparation of the teoth.

The amount of preparation must be kept
to an absolute minimum consistent -vith the
requirements for retention. The prepara-
tion .of a normal three-quarter erown with
grooves or a preparation with aceessory
pin anchorage may be dangerous at this
stage.  The limited preparation includes
the paralleling of the proximal sides of
the, tooth, the clearance of the incisal and
lingual surfaces for functional positions
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and the reduction of excessive contours of
the lingual incisal enamel or the labial
gingival enamel. The latter step is nob
usually necessavy. Retention in this pre-
paration is dependent upon  the parallel
proximal sides and the employment of a
labial gingival band so that the metallie
part of the restoration mirht be called an
open-faced gold erown. An impression of
the tooth is neeessary and, for this purpese,
two alternative techniques may be foilowed.

Impression of the toolh—eomponnd
techniqice.

This technique is similar to the routine
indireet gold inlay technique employing
the copper band impression and the pre-
paration of a die scated in a ecast, The
electrolytically deposited copper die has
been used with a great deal of satisfaction
by the author for many years.

Impression of the tooth—hydrocolloid
technique.

Recently, however, for reasons of preater
accuraecy, the hydrocolloid impression tech-
nique has been employed.

Seleet o water-cooled tray (either partinl
or full tray). Adapt two thicknesses of
base ﬁlntc wax over the tooth in question
and the two teeth adjacent to it on either
side. Place impression compound in the
tray and take an impression of the mouth.
Remove the impression from the mouth and
from it remove the wax which had pre-
viously been adapted over the anterior teeth,
Trim the compound impression £o that it
may be reseated in the mouth without im-
pingement on the tissues. Prepare the
equipment necessary for heating the hydro-
colloid material. A syringe with a 19-
gange needle attached, suitable for heating
hydrocolloid, is loaded with inlay hydro-
calloid. Three water baths with antomatic
temperature controls are necded or three
receptacles with thermometers Lo conivol
the temperature manually. The water in
these three baths should be kept at the
following temperatures: the first at 2030
., the second at 140° to_150° I, and the
third 108° to 115° F. Both the generel
impression hydrocolloid to be used in the
tray and the inlay hydrocolloid to be used
in the syringe are softened at 208° T, or
fifteen minutes. The syringe containing
the inlay hydrocolloid is tempered in the
bath at 140° to 150° I., while the impres-
sion hydrocolloid is placed in the tray and
tempered in the bath at 108° to 115° I for
about four minutes. Prior to procecding
with the impression the mouth must be
cleansed with a caroid mouth-wash or some-
thing similar, Any air bubbles, Lloed,
mueus or other debris on the surface of
the tooth from which an impression ig re-
quired must be removed, as these interfere
with the hydrocolloid impression material.
It is iherefore recommended that the tooih
in question should be dried, following
whieh the hydrocolloid is injected from the
syringe avound the prepared tooth. The
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compound modified water-cooled triay load-
ed with hydrocolloid is carried to plzce in
the mouth and water-cooled for four to
five minutes. In order to get a good hydro-
colloid impression, the material must be
confined in a closed space and vnder pres-
sure. After the impression is removed
from the mouth, it is placed in & 2% potas-
¢ium sulphate solution for five minutes,
following which it should be poured im-
mediately. The impression of the indivi-
dual fractured tooth is first poured in hard
stone or die stone or scme similar material.
It is reinforced with a brass dowel pin
which is inserted while the die material is
soft. ‘The die stone is zllowed to set while
the impression rests in the potassium sul-
phate bath. After one and a half hours,
remove the stone die from the hydrceolivid
impression and trim. The trimmed dic is
reinserted in the impression and the balance
of the impression is poured with stone.
When the cast has set, the stone die of
the fractured tooth may be separated from
the cast. The die should be kept in a vege-
table oil bath.

The open-faced gold ciown.

Weaxing up the restoration may be pro-
ceeded with according 1o standard tech-
niques. The objectives in waxing up this
restoration are to provide for strongth in
the casting, to avoid irritation of the gin-
gival tissues, and to provide for the maxi-
mum amount of retenlion for the plastic
vencer restoring the lost Iabial enamel
structure.  With the casting compleie it is
cemented on the fracturced tooth and finish-
ed with careful altention to the acsthetie
requirements. The lost incisal corner may
now be restored with acrylic resin. In
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some instances it will be found more satis-
factory to place a thin vencer over the
entire labial enamel surface.

Summary.

In this paper I have discussed sume of
the general problems faced by the practi-
tioner in handling injuries Lo the tecth of
children, The three most common aspects
of treatment have been presented. The
pulp must always be regarded as being in-
volved until time has proven that it still
functions normally. All cases of expo-
sure of dentinec must vreceive protective
treatment and cases in which the pulp is
directly involved will require immediate
attention, :

Unfortunately, many of these cases end
with the tooth becoming a pulpless tooth
and, because of their importeance as space
maintainers at least, every eflort should be
made to retain the tceth cven in a pulpless
slate. - Prior to the restoration of the in-
jured tooth with a filling that might be re-
garded as permanent it is very frequently
necessary to place a temporary restoration
for an indefinite period of time. We have
bricfly outlined procedures for all these
cases.
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TREATMENT OF FRACTURLED INCISOKRS-

G. ELLIS, B.D.S,, D.D.S,, M.Sc. (Dent.), F.D.S.R.C.S.

fean, Faculty of Dentistry, Universicy of Toronto, Canada

) ' RESUME

1. Les fractures des incisives font naltre des problémes que e dentiste ¢
famille doit consentir & envisager lorsqu’un enfant se présente pou.
fairc traiter.

2. Les incisives centrales et latcrales du ma\lllauc chez les gargons de 64 12 |

SonT 108 dents IL: plus exposées au risque de fraciure.
3. Le traitement des incisives fracturées implique davantage qu’unc si:
restauration mécanique de la portion de dent détruite. Entrent égalemer:

ligne de comple la préservation de la viralité de la pulpe endommagic

Pélimination des anomalies inesthétiques sur le devant de la bouche.

4. Une classification simple et parfaitement compléte est présentée par lau:.
clessification qui permet d’tudier et &éteblir des plane de traifement |
les cas de Iésions traumatiques.

9. Yeulcur commente ies faits saillants & recueillir au cours de I'interroga:.
cu paiicnt ct pendant Pexamen clinique.

6. Lo iraiteinent des incisives fraciurées est $tudié en trois chapitres:

Le traitement d’urgence apporte unc proicction de la pulpe et des &
périodontaux immédiatement aprés Paccident et pcndant uns périods
repos et de récupération aprés le choc.
Leseription de la nature et de la préparation d’une restauration tempor.
phase intermédidaire du truitement.

a troisi¢mic phase du traitement qui est el reprise aprés que la dentine
pulpe soient a maturité, constitue la dernidre éla;;,c de la restitulicr
fonctions, forine et beauté noxmalcs de la dent.

’ ZUSAMMENITASSUNC

—

Fra]\turlcrtc Schneidezithne stellen den Fam.l‘eua.mmm vor “1ob! SRS
er hereil scin muss zu 18sen, im Fallc cin )
. ¥e obaren mittleren und scitlichen Schncid
sind am meisten Vcrlct;:ungcn ausgesctzi.

mechanische Wiederhersteltung verlorener Zahnstrultur. Echaltung der?
litiit der beschiidigten Pulpa und Vermcidung ciner entstellenden An”

vorne im Munde miissen ebenfalls beriicksichtigt werden.

* Received for publicution: 27 July 1953,
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FRACTUKRED INrICOHpX

SORS nache, allunifassende Ilassifizicrung ist beschvieben, die sich beim
s und Behandlungsplan in Fillen traumatischer Beschidigung niitz-
-5 censen wird,
' & Erilirungen gegeben {iber dic wesentlichsten Punkte, die fir die
- onzeschichte und wihrend der klinischen Untersuchung aufgenon:-
aerden.
- itung Mrakturierter Sehneideziiline ist nach drei Hauptrichtimeen hin
- chen worden. Die unmittelbare Notbehandlung sicht Schutz der Pulpa
. _oos Periodontiums vor unmittelbar nach dem Unfall und wilirend der
sceitund der Erholungsperiode. Tigenschafien und Yorbereitung eines
dentiv: saizen Ersatzes fiir die Zwischenzeit werden beschrieben. :
chte p o dntre Stufe der Behandlung, die nach Abschluss der Reife von Dentin
-1 Puipa unternominen wird, ist die entgiiltige Wiederherstellung des ver-
sde Gy crzn Zahnes zu normaler Funktion, Form und Schénheit.
utune -
éealer RIJASSUNTO
Tonmim, .
ouche. ~incisivi fratturati presentano spesso problemi che il dentista di famiglia
par !y -« aflrontare volonterosamente quando il piccolo malato gli vien pre-

He et ERRITLS
AT N AP

Hincisivisuperiori nei ragazzi dai €ai 12 anni sono | pili suscettibilidi offese,
orattamento degli incisivi fradurali comporta assai piit d'un semplice

el
~aiiro meccanico delle parti perdute. Occorre altresi conservare la vitaljts
T " polpa danneggiata ed eliminace Ie alterazioni anti-cstetiche che turbano
U des trmonia della parte anteriore della bocea.
périod: 0 opresenta upa semplice e completa classificazione che i rivela assei utile
< studio e nella progettazione del trattamento in ogni caso di lesioni
temper. “sumatiche.
- commentano i priscipali aspetti che occorre registrare neli’ anamnesi del
lentiny i ~r ¢ ricordare durante 'csame clinico. '
- Hiratlamento degli incisivi fratturato vien discusso sctto tre titoli:
“ttaltamento & emergenza provvede alla protezione della polpa e dei tessuti
~iodontali subito dopo Pincidente ¢ per tulto il periode di riposo ¢ di
"-peistino dopo effesa. Gli aspetti della preparazione d'un restawro provvi-
i per la fase intermedia vengono poi descritti con cura. 1 ferzo periodo,
+7¢surd intrapreso a seconda del grado di sviluppo della dentina e della
blems, ™, costituisee I'eltimo passo nel restauro del dente traumatizzato onde
AvOrs “ortarle alle nermali funzien, aspelto ed csiclica.
n Rna'y
cine RESUMEN
SUSE

Los incisivos fracturados presentan problemas para les que el dentista dehe
:~;.:r‘prcpnrado cuando un nifto acude a la consulta,

™ Incisivos centrales y laterales del maxilar superior de les nifos de 6
* 12 ados de edad son los dientes mis susceptibles.

Anon.
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FRACTURED INCISORS

3. El tratamicnto del incisivo fracturado require algo mas que la restaurac,
mecénica de ta estructura dental perdida. Debe conservarse la vitalidad -

"
pulpa herida y climinar una anomalia desfiguradora en la parle anteii, - ]I)l“.:lz
de 1a boca. e

4. Sc da una clasificacién sencilla y completa til para estudiar y determir.- :.\‘l‘(.]] P

. el tratamiento en los casos de lesiones trawmdticas. T~ I

5. Se comentan Jos principales datos que sc deben registrat cn la historiu -, Jl?;\dcr
durante ¢l examen clinico. : v for

6. Se discule el tratamicnto en Lres etapas d¢ incisivos fracturados. El trai R H“;il[ R
.miento de urgencia protege la pulpz y tejidos periodontales inmediatamer:: Fracty

espués del accidente y durante un periodo de descanso y recuperacio, ot bl i
Se describen los detalles y la preparacion de una restauracion interina par., abborn
la fase intermedia del tratamicnto. La tercera fase del tratamiento, se verific. 2 e
después de haber reaccionado la dentiga y la pulpa, y constituye el ultin: Smily d
paso en la restanracion de Ja funcion, forma y belleza normales, del dient. ’
traumatizado.

Traumal
| SUMMARY ~f obser
St the

1. Fractured incisors present problems which the family dentist must be willi: ;
to mcet when a child reports for treatment.
! 2. The maxillary central and lateral incisors in boys 6—12 ycars old arc t:
' teeth most susceptible to injury.
3. Treatment of the fractured incisor involves more than a mechanical restor.-

treban
during a

‘4
oo
ALY

. . Pl . - hees

tion of lost tooth structure. Preservation of the vitality: of a damaged pi Wil
.. . . . . Vnign

and the eliminalion of a disfiguring anomaly in the front ol the mouth v’ o

o Lhad OC

involved as well. e

4. A simple, all inclusive classification is presented which is useful in studyir, . :
and planning treatment for cases of (raumatic injury. A

5. Comment is made upon the salient features to be recorded in history takir
and during the clinical examination. '

TeLrance

6. Treatment of fractured incisors is discussed under three headings. Emerges- t vl
treatment provides protection for the pulp and periodontal tissues i ey
diately after the accident and during a period of rest and recovery from © sHors
injury. The features and preparation of a temporary restoration for : 2 slispo
intermediate phase of treatment are deseribed. : ther
The third phase of treatment, which is undertaken, following the devel: A
ment of maturity of the dentine and the pulp, is the final step in restoring !’ o ¢
traumatized tooth to normal function, form and beauty. cadenice
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INTRODUCTION

1N RING the past two decades the dental profession has demonstiated an
|/ ereasing interest in dentistry for children. This trend has been stimulaled
- attention being given to the prevention of discase within some current
. plans and others projected. Dentistry recognises the child patient as
(e most hopeful area in which to apply preventive measures.
- dor these circumstances it is not surprising to observe all phases of den-
.. for children under study, including some highly specialized aspects, such
.+ st embraced by this review.
+ - setured incisors provide special problems for the family dentist. They will
- tis patience and ingenuity. Easlick (1952) has aptly stated “the varicty of
<~arn conditiois which develop when children’s incisors become involved
.ecidents can be an intriguing challenge or a tremendous worry to the
-y dentist.”

-

INCIDENCE

“..umatic injuries may involve any teeth, at any age. However, the majority
s ovaervers agree that 6—12 years is the period of greatest susceptibility and
* the maxillary central and lateral incisors are the most vulnerable teeth.
©zhan (1947) reports that, in 314 cascs of traumatic injury to incisors obscrved
4apa four year survey, more than one-third occurred in children 610 years
sov. Ellis (1945) provides figures which indicate that approximately 4.2
v« ¢ent of children in his area sufler disfiguring injuries, of which boys were
" times more susceptible than girls. Horsnell (1952) like many others attributes
: high incidence of injuries to the boisterous playtime habits of children 8—-12
* 4 concludes his comment by stating that “the upper age limit, where the
~Jdence starts to fall corresponds with puberty or near puberty when the
wreational habits becone more mature and less reckless of personal ap-
aranee”, :

AETIOLOGY

saally important in any consideration of the cause of injuries to young in-

- s are boil predisposing and exciting factors. Protrusion of the maxillary

awrs (Angle Class 1) Division 1) which lack lip coverage, is the number onc
odiposing factor. “Accident proneness” described by Wilbur (1952) is
#*otier predisposing factor with some children. The author recalls a number

c.nes where the same child had suffered accidental injury to the incisor teeth

-#wo or three different occasions. A long, diverse list of exciting causes of
+-rixace could be recited.

GENERAL PROBLEMS"

::""‘_i“ gencral problems are associated with cases of traumatic injury. First
+ < loremost is the problem of emergency. An anxious parent and a child in
' ~the situation is one of urgency for the dentist.
~vondly, it is established. that displeasing dental anomalics in the anterior

: . 199
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FRACTURED INCISORS

part of the meuth may have possible psychological effcets. Tack of treay:,
or unsatisfactory acsthetic results of restoraiions folr fractuied meisory ¢, ‘
be responsible for the development of an inferiority complex. '
Thirdly, disturbance of the normal physiology of the pulp tissucs, p. -
cularly the circulation, may result from traumatic injury. The end re<y!
this disturbance may be (@) a return to normal nhysiologic function; (4
initiation of a calcific degencration, which sometimes completely obliie:,,

the pulp chamber; and (c) necrosis of the pulp.

Curry (1951) attributes necrosis of the pulp to rupture of the main 4 .
v¢ssc]s at the time of trauma. Fish (1948) believes the efferent veins to the ;.
are damaged by trauma in the apical vegion, but the arterial supply ma;
affected only in the most severe cases. The resultant blood pressure s
rupture of the minute capillaries, the walls of which are often only one er
thelial cell in thickness.

Fourthly, loss of a tooth duc to injury, during the period of growth ..
devclopment of the mouth, may be serious. The fractured teeth must be relai-
if possible. ’

Fifthly, after all these problems have been overcome the restoration of -
fractured incisor crown, so that it is permanent, and aesthetically harmoni.
is a problem of the first magnitude.

CLASSIFICATION OF CASES

To expedite and simplify the examination procedures, recording casc histor
establishing a diagnosis and treatment plan, the adoption of a classificu:
of these cases is most helpful.

Classifications limited to cases in which tooth structure (coranal or -
is fractured are suggested by McBride (1932), Hogeboom (1933), Sweet (i°+
Cronfeld (1949), Herve (1951), Cooke and Rowbotham (1951), and Hior
(1952). Classifications inclusive of all types of injuries, including fracture:
provided by Adams (1944), Ellis (1945), and Braucr (1950).

There are many points of similarity in the various classifications ref:
to above. A simple, all inclusive classification is presented for use in this e
Class T : Trauma, without coronal or root fracturc and without displacer -
Class 1T : Coronal fracture, with dentine exposed but not the pulp.
Class JIT: Coronal fracture with extensive dentine and pulp exposured.
Class 1V: Root fracture, with or without coronal fracture.
Class V : Trauma, without fractures, but with displacement of the tooth
Class V1: Trauma, resulting in the loss of a tooth or teeht.

Within each of these categories a varicty of ciinical features will be v

THE HISTORY AND CLINICAL EXAMINATION

The desirability of following a systematic procedure in obtaining and rece’
the case history and all phases of the clinical examination of the tooth "
. - . . . . e - [
involved is obvious. Resides certain basic information common o all &
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FRACTURLED INCISORS

., e procedures the following data has special significance in these cases.
ik age of the paticnt; (2) the time interval which has elapead since the
cdent: (3) history o any previous accident involving the teeth; (4) how
- avcident oceurred; (5) presence or absence of pain,

"3 =¢ clinical examination must be thorough and include both the hard and
ciwsucs in the arca involved remembering that adjacent tecth, not suspected

tne patient are often involved in the accident. Particular attention should

"o arected Lo such detail as (1) coronal fractures: (2) displacement of teeth;

reactions to percussion; (4) mobilily; (5) ocelusal relationship with teeth
- ire opposite arch; (6) roentgenographic examination. The latter phase of
- evamination should be followed through meticulously in every case of
zry, inorder that ali possible information may be available respecting the
dre of the pulp and its proximity to the fracture line; (2) the exact stage
“lavelopment of the root apex; (3) the presence of root [racture; {4) evidence
displacement and (5) to provide a record for comparison with future roent-
RATIES
‘tality responsce to tests immediately following injury may not be reliable.
v wk of response within a few hours of the injury may only be temporary,
<uint from shock to the pulp.
Daly after the case history has been fully recorded and a careful clinical
smination (including rocntgenograms) has been completed, is it possible to
side a diagnosis for the case and establish a treatment plan. Great caution
=Id be exercised at (his stage in respect to providing a prognosis. The most
" uous situations sometimes have the poorest prognosis.

PREFACE TO TREATMENT

sment procedures in the field of operative dentistry are usually plunned and

“dout on a single phuse basis. Because of the hazards introduced in

L extensive preparation in young teeth and the uncertainty, in the initial

~“ foliowing injury, concerning the life of the pulp in the traumatized tooth,

et plans in such cases which require restoration of lost crown structure
ably involve mulliple phase procedures.

e first or emergency phase is primarily to provide the traumatized tooth
Protection against further irritation during the initial emergency period.
second or intermediate phase involves a restoration of a semipermanent

¢ providing protection, function and acsthetics. However, because of the

teturity of the histologic structures of the young tooth, it must be designed
A minimum of cavily preparation.
*third phase of treatment may be regarded as the final treatment when
“tional restorative procedures are used. '
~il be recognised that common objeclives apply in each phase, namely,
“ietion of the tooth pulp, and periodontal tissues: (2) restoiation of

H103) establishmen® of larmonious acsthelic results; (4) preservation of

“n the developing arch; (5) satisfactory retention of the restoration in
“ether it be temporary or permanent.
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FRACTURED INCISORS

Tn addition the following maxims apply at all times:
1. Retain the child’s injured tooth il at ali possible.
2. Retain the vitality in all or part of the tooth (radicular part).
3. Los;t permancnt tecth which arc replaced must be in physiologic balance «

erupting tecth and the developing arch.

While treatment problems of a special nature are introduced by the age fuc
in thesc cases, it must also be recognised that in the young healthy paticat, :
potential for recovery in the traumatized pulp is excellent. The undeveloy.
open root apex provides an additional margin of safely, but ovei it the ..

is fully developed as in the older child, the vascular supply to the pulp sy -

good, and this vital tissue is richly supplied with undilferentiated embrye:
cells and thereby peculiarly protected with a positive defense mechanism.

TREATMENT
Class 11 Trawna, without coronal or root fracture and without displaceiicnt

At first glance il may secm unnecessary to provide a scparate category !
cases which are restricted within such narrow limitations. The degree of trau:
involved in the Class T case would appear to ve inconsequential. The pati:
does not often report at the time of injury which further suggests the prob':
is of 2 minor nature. Nevertheless, the prognosis for the casc, according
clinical records, is bad, and the patient secks treatment when camplicativ-

develop.

If the paticnt reports at the time of injury, the teoth involved may be ter!

in function, and it may be a little sensitive to thermal changes. But th:
symptoms arc usually temporary. Some laceration of the soft tissues in ¥’
area may causc discomfort.

The routine case history taken at the time may reveal very little of spev
importance and the clinical examination nothing of significance, except sh
mobility and tenderness to percussion. The vitality tests may be negalive &
if so, will be attributed to the initial shock to the pulp.

The prognosis for the case should be good, but a premature statement

that effcct may embarrass the dentist at a Jater dale. The stage of develop:e
of the root of the tooth is important to the future status of the pulp. The aug

(1945) and Cooke and Rowbotham (1951) report that the prognosis for all e
of injuries to teeth is better when the root apex is open and the rool incompt’
Under these circumstances, disturbances to the circulation which follow tras
are presumably compensated for, by the large apical passageway prm'idcd :
the engorged vessels.

In explanation of why a higher pereentage of pulps dic in traumatizad 7

when the crowns remain intact, Cooke and Rowbotham (1951) advancs
. . M . . . it

thought that the full shock is transmitted to the apex of the tooth w il resit

injury to the vessels of that region.
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FRACITUKRED INCISORS

reeatment for Class 1 eases is limited. IT the gingival Ussucs are luceraicd

o will heal without treatment, although for psychologicai reasons a mouth

“« should be prescribed. Saline solution is elfeetive. IT mobility is in evidence
~rsnell (1952) advocates the usc of a splint—fixed to the adjacent teeth for
.~ 312 week period. Rest (o the traumatized tooth is desirable to avoid
<ether irritation and injury during function. Incisal stress may be relieved by
. wful reduction of the opposing teeth,

Cass W Coronal fracture, with dentine exposed, but not the pulp

- vontrast to Class 1, the Class I group embraces a wide range of cases.
“:em the simplest, with incisal edge enamel fracture of a single tooth to the
~emsive involvement of enamel and dentine in one or morc tecth. Henee (his
.ategory includes a large perceniage, variously estimated to be 60-—70 per cent,
“all cases suflering traumatic injury. i

Iistory taking, making a thorough clinical examination and setting up a

catment plan, which have been discussed clsewhere, is of first importance.

Treaiment for the tooth with only a small chip out of the incisal enamel,
1y not be requested at the time of the aceident. The patient’s chiel complaint
~sueh a case will be rough sharp enamel edges, which lacerate the topgue
:~d lips. Emergency treatment is limited to reducing the sharp enamel with a

rmond stone and sand paper disks, avoiding overheating the tooth during
~ procedure. As in the Class T cases, the prognosis may secim excellent but

¢ patient and his parents should be warned to report without delay should
~omfort develop.

During the first 810 weeks after injury vitality tests should be made at
“ervals of 7—14 days until they arc salisfactory, .

Intermediate treatment will seldom be neeessary following the expiration of
Femergency period and the final treatment may proceed in accordance with

“ormal conservalive measures in the young patient. Where the lost tooth

facture is limited (o incisal enamel, it is possible to restore the incisal edge

- #tour by judicious grinding. To maintain symmelry the incisal edge of the
+ “tesponding tooth may have to be reshaped.

The majority of the Class IT fractures present with exposure of an extensive
““tofldentine. The tooth is young and the dentinal tubules are large. Suddenly,

"+ aeeident, they are exposed to the air, thermal changes, tissue fluids and the

~xeria of the oral cavity. The parent is aware of the damage done and the
! is aware of the tooth's sensitivity. For these reasons they seck the help
ST amily dentist soon after the accident.
Fie importance of positive emergency measures has been emphasized by
» (1945), Horsnell (1952), Easlick (1952), and others. Infection of the pulp
e tie large open dentinal wbules may lead to disastrous results. Protection
st jufection, wiso provides protection against pain from thermal changes
* masticatory pressures. _
Fhwreoney treatment may be the life saver of the pulp in the Class 11 casc.
Hould not be delayed; it must be positive and permancnt for a minimum

.

. : . 203

R

e e ———rey e A P - e = Py

[0



e

FRAUCTURED INCISORS

of 8—12 wecks (the emergency period). As a preliminary to treatmen
dentine surfacc must be clean. Some writers advocate the use of phenol op

dentine for its bacicricidal and cauterizing effects. Dry the dentine surface -

apply an obtundent, rapid sctting, dressing. The use of zinc oxide and euger:

mixed thick, is one choice for a dressing; and anather, calcium hydroxide miv.
to a paste with sterile water or anacsthetic solution (because of sterility); o -

suggestion is the following formula to be found in Accepled Dental Remey
(1953) for a fast setting capping paste.

Powder: Zinc oxide 70.00 gm
Hydrogenated Rosin - 28.50 ,,
Zinc Stearate . 1.00 ,,
Zinc Acelate S0,
Liguid:  Tugenol 85.00 ml.
Olive Oil 15.00 ,,

To prepare the cement, mix 10 parts of the powdér with 1 part of the liy
(the amount of zinc stearale is reduced by one-half for hot dry climate).

When the denline capping pasle has hardened a thin layer of a fast scit
cement is manipulated over the protected fractured surface and allowed to -
This obviates displacement of the capping pasle or pressure on the very
dentine wall still intact over the pulp in subsequent stages. Permanence [or
Class Il emergency treatment restoration is provided with a crown forn
metallic band. The metallic band is recommended by Brauer (1950) and Hor::
(1952); a celluloid crown form modified with siliceous cement by Cooke .
Rowbotham (1951), and Easlick (1952), whilc the author (1952) has rev
niended a resin crown form modified with plastic. Whichever form of treat
crown is used, it must bave suflicient retention to resist displacement; it @
not impede vitality testing during the emergency period; it must not imp’
on the gingival tissues and it should, if feasible, provide a reasonable ds;
of aesthetics.

If the emergency phase of treatment is successful the pulp will remain v
the tooth will be comfortable and roentgenographically the apex and af
region will show normal shadows.

The next phase of treatment is the provision of an intermediate restory’
for the fractured tooth. It is to be semi-permanent and yet the preparati’
the tooth must be very limited. Tn the young child a modified three-gu~
inlay of the basket crown type with a plastic or siliccous cement vencer <
open face crown with veneer has proved most satisfactory. The preparat’
either of these intermediate restorations is Ihwited to parallelization
proximal surfaces of the crown and occasionally reduction of the rem
incisal enamel and lingual surface enamel to allow for the metallic ¢&
Retention for the basket inlay is obtained by shaping the Jabial margin v
mesial and dislal slices; for the open faced crown a labial gingival bar!
proximately one to two millimetres wide is used for relention. Many ¢
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FRACTURED INCISORS

L of intermediale restorations have been tried with varying degrees of

},l‘..l.\ly\_:: ..« The two referred to briefly above are readily constructed and they
“|k " . adequate retention and aesthetic results, They arve nol dependent upon
d e <. cavity prepasation.

Qe :” . .. function of the intermediate restoration deseribed for the Class 11
(SR HRE .+ tooth has been fulfilled when the tooth in question has rcached a state
| Pop. urity which permits its safe preparation for a conventional type of per-

. .at restoration. The time which clapses from its placement to its removai
.. enolve 5—10 years, depending on the patienl’s age at the time of injury
we rapidity of the process of development of the tooth.
1 ere are occasions when circumstances are such that rapid maturity of the
e recession of the pulp justify the placement of a final restoration at an
- age. The three pin slipper type of inlay is described by the author (1952)
. incases of fracturcd incisors in children 12 years ofage or over, providing
. . circumstances warrant. The pins, approximately 11 millimetres deep,
_ize of a 701 tapered fissure bur arc placed toward the incisal edge, one
3t the mesial and distal dento-enamel junction Jine and one at the cingulum
ingivally as possible. Hartsook (1950) has shown that the enamel and

of the L 2% [

fimate! ¢ in fairly young patients have considerable thickness at the cinguium.
 fast set i*¢ threc phases of treatment for the Class Il case (in the classification
owed to - -ssted herein) have been briefly discussed. Space does not permit a morc

he very o wed outline.

wence fone
win for w Iz Coronal fracture with extensive dentine and pulp exposed
and o
y Cooke

iy procedure in conservative dentistry which involves an exposed pulp
~nts one of the major problems in the practice of dentistry. The dental
< tissue is highly specialized and extremely vascular, Most workers agice
t the prognosis for and treatment of the pulp exposed through advancing
-« is more hazardous than for the pulp exposed through injury We have
2y stressed the belief that the potential for recovery of the exposed pulp
i young healthy child is good.

[ reasons given previously the patient with extensive injury of the Class 111
orowill seck treatment immediately. Prompt emergency treatment is required.
Wih the examination data assembled, a diagnosis is made. The treatment
*to be followed will involve the decision in favour of any of the following
cedures.

nents it
not imp
ynable do;

remain -
ex and oy

te restor.:
yreparatic’
ee-ar Y G
three-¢ _ f Capping the exposed pulp.
t vencer v e .
21 Removal of the coronal pulp (pulpotomy; partial pulpectony).

reparatic’ .
1 Removal of entire pulp (pulpectomy).

ization ¢ o
the rents *i Extraction of the tooth. .
wetallic ¢

[
L0 S HI ~ A ass A . -
margin & ciston made will be dependent upon:

oival han' i The extent of e pulp exposure (e.g. minute pulpal horn or extensive
. Many - L\posure).
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FRACTURED INCISORS
(2) Stage of development of root apex (open or closed).

(3) Leugth of time pulp exposed since accideit.
(4) Complications, such as displacement or root fracture.

irritants.

The emergency treatment crown must have permanence for continuous p:

tection of the pulp during a three to six month period of obscervation. Follow!
a successful waiting period, an intermediate resteration as cutlined aboye

Class 11, is preparced. At this stage it is probable that a dentine bridge wili ©

established over the site of injury (Zander and Glass, 1949). Great care shoe
be exercised not 1o re-expose the arca of pulp exposure during the preparat
of the intermediate restoration.

PULPOTOMY (partial pulpectomy). Tncreasing favour and success for this met®
of treatment of Class 117 injuries is in cvidence. Slack (1948), Cooke and R.
botham (1951), Horsnell (1951), Herve (1951) and Thoma (1952) descr
the indications, prognosis and technique employed.

In brief, the pulpotomy procedure is useful in retaining vitality in the radic:”
pulp so that normal apical root devciopment may proceed in cases where
root apex is wide open at the time of injury. However, its use has been exter
to include tecth with fully developed roots although pulpectomy might b
be employed for such cases.

The pulp is amputated at the level of the cemento-enamel junction u: '
aseptic conditions. The radicular pulp which remains, is capped with cile:
hydroxide or zine oxide—cugenol type of dressing. I calcium hydroxii
uscd, it is covered with paraflin wax to prevent reaction with the oxyphosy’
cement base. A rest period of 8—10 weeks is allowed before procecding
a restoration.

A review of the various techniques employed indicates certain point
difference. In one technique a large round sharp bur is used to sever the ¢
while in another, a suitablc size sharp spoon excavator is employed. The !
results in a clean cut, and is accompanizd by less haemorrhage and less d-
of lcaring radicular pulp fibres.

Hacmorrhage is controiled by means of camphophenique, or epiner”
in 1000, or a saturated solution of calcium hydroxide. The chief diHL‘i‘C'
techniques concerns the desirability of scaling a dressing over the suurw ;

2006 b

T
N M T ANATR P T e e i S S A, e e o TSy S e - :

PULP CAPPING. The author has cmployed the pulp capping procedure v
satisfactory results in carefully selecled cases. Few others in this field mu; .
reference to pulp capping. A minute (pulpal horn) exposurc of not more ti:.
15-—18 hours duration is favourable for pulp capping. The techniquc emplos.
is simple. Following the emergency treatment procedures for the Class 11 c...-
the pulp exposure is capped with calcium hydroxide. The cardinal prineip
to be observed in the procedure include isolation of the tooth under treatme:’
absolutc clecanliness and if possible asepsis; avoidance of the usc of stre:.
drugs and pressure on the exposed pulp. These are chiel among possit
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FRACTURED INCISORYS

«n for 7-—10 days prior to capping at a subsequent appointment. Those in
.t of the dressing (usuaily a sterile cotton pellet moistened with cugenol)
. betier healing of the pulp stump. In favour of the immedinte and perma-

e covering of the pulp stump is the argument that the danger of infecting

----- p at the sccond sitting is climinated.
- \—nu of these variations the results with the various techniqucs are reported
we been reasonably successful.
~cvoMy. Complete removal of the pulp is indicated in Class 1T cases
e the pulp exposure is gxlensive or where the pulp has been exposed for
--al days. In cases where the root apex is closed, using present day scientific
- tontic procedures the prognosis is good. Where the root apex-is open, the
Jontic procedures may be followed, but great care is rcquired and root
tion may be necessary.

wien the pulp has become non-vital as the result of injury and the contenls

.z become infected, they can usually be restored to a healthy status by means

<an-rritating germicidal drugs, e.g. camphorated paramonochlorophenol or
~ahantibiotic treatment suggested by Grossman (1951).

re desirability for retaining anterior teeth in the young patient during the
i of growth and deveiopment has been stressed clsewhere and only under

ptional circumstances need one of these teeth be lost.

<INt Root fracture with or without coronal fracture

mot common 1o find an incisor {ooth with a fracture of both the crown
trool. It is proposed first to present the case of the simple root fracture.
foey are more likely to occur in older children, after the crown is fully
~ed and the root fully developed. The prognosis for these teeth is good,
+ing the fracture is situated apically to the gingival third of the root. Other
“vinfluencing the prognosis and successful treatment includes, (1)-Close
~sition of the apical and corenal fragments; (2) The fragments must be
: "\ilizcd‘ (3) The general health of the paticnt should favour reparative and
wrive processes.
* i the fracture line is in the gingival third of the root, separation of the
Frents is probable and it is ‘more difficult to immobilize them in close
*sition. 1t is also possible for infection to enter the pulp through the fracture
rom a periodontal pocket or a deep gingival sulcus, when the fracture line
*Iose proximity to the gingival tissues.
‘1 favourable circunistances a simple splint will suffice to fix the parts
gL Pln Easlick (1952) describes the use of a labial arch wire (at least
0287) adapled across the labial surfaces of the combined width of the
tsors, with the four tecth ligated individually with pliable stainless steel
M12) to the fubial arch. Acrylic or cast metal splints cemented over the
' more anteriee teeth provide splendid rigidity. Bands made for the

A
e “"‘ll and the adjacent teeth and soldered together and cemented are
v effective.

.
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FRACTURED INCISORS

- Opinions vary as to the length of time a splini should be in place fr. v SURY
ninimum of a few weeks up o two yeurs., Wo arbitrary lime can be specr
for all cascs. ' '

The healing process has been clearly portraycd by Kronfcld (1933). §
fragment surfaces are first bonded together by a fibrous network, followey -
deposition of ceinentum which provides a solid union.

If the case is complicated with a crown fracture as well, both problems 4,
be evalvated individually and Jointly, when preparing for treatment,

Class V and VI in the classification sct out above are outside the SCope -,
review on “Treatment of Fractured Tncisors”.

Profes
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SECTION IIT

Classification and Treatment of Injuries to the Teeth of Children

Chicago, Yearbook Publishers
1st Ed. 1945; 2nd Ed. 1946; 3rd Ed. 1952;
N

4th Ed. 1960; 5th Ed. 1970.

See separate-enclosure.
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