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CHAPTER 1
PRESENTATION OF THE PROBLEM

Since Weston Price and W. D. Tracy began, about 1912
to use the indirect method for preparation of dental caatings,
many improvements in materials and technics have been made .
The profession has long recognized the many advantages (1)
of the indirect method, but only in recent years has this
method produced castings the accuracy of which compared
favorably with that of those produced from wax patterns
formed directly on prepared teeth.

Improvements in the materials peculiar to the in-
airect method, namely gypsum die products and elastic im-
pression materials, have in recent years been accelerated
by the development of preclse methods of evaluating their
physical propertiles. |

The development of a preclse and quantitative method
for determining the accuracy with which a casting or wax
pattern may be adapted to the die for which it was made was
necessary before a valid comparison could be made between
the direct and indirect methodse.

Doctor Ge Me Hollenback presented a paper before the
I.A.D.R., in March of 1959, in which he described a method

for measuring the adaptation of dental castings by mercury
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displacement., The method 13 unique in that it gives a quan-
titative measurement of the space existing between & casting,
or wax pattern and the die.

Tt was the object of this research project to investi-
gate the accuracy of the indirect method for preparing dental

castings by use of this teat.



CHAPTER II
REVIEW OF THE LITERATURE

The materials and procedures differentiating the
direct and indirect technics, have received considerable
attention in recent years. A search of dental literature,
however, will show that, while a few attempts have been
made to measure the accuracy of castings same of which were
made by the indirect method, a paucity of information rela-
tiye to the accuracy of the indirect method per se exists.

The simplest and most extensively used method of
evaluating the adeptation of dental castings in the past
has been to try the casting back on the die or prepared
tooth and to then determine by visual examination or by
use of a sharp explorer whether or not the casting seems to
fit (2). In a study made of the effect of water powder ratio
on the accuracy of fit of gold castings, in 1956, an attempt
was made to decrease the subjectivity of this type of evalua-
tion (3). Castinga were presented at random to & group of
five examiners who were asked to grade each casting as elther
a good, doubtful, or bad fit.

Bjorndal and Sahs, in a study of the marginal adapta-
tion of amalgem and gold inlay restorations, used a micro=-

photographic technic (4). It will readily be seen that methods,
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such as thésa described above, can at best only given an
indication of the marginal adaptation of castings.

Snyder and Sheil, (1956) attempted to simplify the
measurement of Wax pattern and casting accuracy (5). Two
tapered invar dies were prepared each being given approxi-
mately the same degree of taper. The first compared to a
full shoulder crown preparation and the second to a plug
preparation. Wax patterns were then prepared for the dles
and allowed to reach a consfant temperature. The wax patterns
were then placed on the dies and again allowed to reach a
constant temperature. The patterns were then measured for
any possible change in dimensions by a micrometer. Ceastings
were then made and the changes in dimension of the castings
were determined by a measurement with a micrometer.

Charbeneau and Peyton, while evaluating some effects
of cavity instrumentation on the adaptation of gold castings,
gseated class I inlays into preparations the walls of which
had ten percent tapers (6). A seating force of 125 pounds
was used to assure complete seating of the castings after
which the teeth were sectioned and examined for adaptation.
With full crown castinga, they found 1t necesgsary to use a
forcé of 4400 pounds in order to bring about complete seating
as might be determined by use of & sharp explorer.

Suffert‘and Mehler, at the University of Oregon, in

an investigation concerned with the reproducibllity of gold
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castings made by present day dental casting technics, made
use of pyramidal indentations from.which.measurements could
be made (2). Two special brass dles were constructed to
approximate a one-surface restoration, and a full crown.
Indentations were placed on the floor of the mold, which
would correspond to the pulpal floor of the cavity prepara-
tion, and on the bottom and shoulders of the full crown mold,
which would correspond to the pulpal floor and cervical
shoulders, respectively, of the cavity preparation. Indenta-
tions were made in the die which could be reproduced in the
wax pattern and subsequent gold castings. These indentations
were mede with a steel instrument shaped in the form of a
pyramid. Ten measurements were taken of the distance between
fhese pyramids on the wax pattern as well as the gold casting
for each experimental rune.

Armstrong and Simon (1951) demonstrated that the space
between the inlay and the cavity'wali could be photographed
by use of radio calecium which penetrated the cement (7)

A description of the mercury displacement test was
first published in September, 1959 (8). This test, described
later in this paper as the Mercury Micromeasurement test
(under materials and methods used), apparently offers the
ohly availesble method, to date, of measuring volumetrically
the total space which may exist between a wax pattern or gold

casting and the die.



Recently, Sahs and Wick, at the University of Iowa,
have completed three phases of research into the accuracy
of inlays by use of mercury micromeasurement (9)e. These
included: (1) Standardization of procedures for making wax
patterns of cavities prepared in metal dies, (2) testing and
the establishment of controls for investing, burnout, and
casting procedures, using eleven investment materials, (3)
determination by mercury micromeasurement of the amount of
space between each casting and the cavity walls. They re-
ported that in measurlng the accuracy of the inside fit of
cast gold inlays, they tried placing various substances into
the space between clinically acceptable inlays and their
corresponding dies. The straight displacement method was
dsed. The volume of material was computed from the micro-
weight and specific gravity, which showed the accuracy of
fit. Five materials that ran the gamut from high to low
gqurface tension were tried: (1) mineral oil, (2) glycerin,
(3) dibutyl phthalate, (L) zinc oxide and eugenol, and ()
mercury. The first three materials required a great deal of
care to remove the oil around the margins and on the outside
of the casting and die without withdrawlng oll from marginal
areas. Sloﬁ setting zinc oxide and eugenol, it was found,
did not flow readily under the inlays. Mercury proved to be
very desirable because 1its high specific gravity made 1t easy

to measure small differences in castings.




CHAPTER III
TEST MATERIALS AND METHODS USED

It was evident early in the study that insufficlent
data was available in the literature regarding the accuracy
and reliébility of the mercury micromeasurement test. Accord-
ingly, a typical three surface inlay preparation was care-
fully cut in a one and gne-half dimension ivorine tooth. An
upper first molar (Figure 1) was used. Throughout the project
this served as the master die. A polished hexagonal aluminum
base was prepared for the master die in order to facllitate
impression taking and to provide an esthetic mounting for the
die. The base, held simply by & single screw, was removed
during the mercury displacement test To avoid thé possibility
of stray mercury attacking the aluminum.

The technic used for mercury micromeasurement as used
in this project was as follows: A cornucopla of cellophane
or light weight plastic was formed tightly around the die and
was retalned with a rubber band, dental floss, or by digital
pressure, gingivally. A plaster ihdex wag constructed so as
to cover the entire occlusal surface and upper portion of the
proximal suffaces of the wax pattern. Sufficient mercury was
then placed in fhe cornucopia to completely cover the occlusal

surface of the master or stone die. The wax pattern was



FIGURE 1

THE MASTER DIE

REPRESENTING A TYPICAL THREE-SURFACE
INLAY PREPARATION CUT IN A ONE AND ONE~-HALF
DIMENSION IVORINE TOOTH
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carefully placed in the cavity and seated by applylng evenly
dlstributed force occlusally through the use of the prepared
plaster index. Force for this purpose was supplied by a
specially constructed lever arm with a sliding weight (Figure
2) calibrated so as to give increments of one=half pound.
Two pounds pressure was found to be sufficlent to seat wax
patterns. The cornucopla and excess mercury was then separ-
ated from the tooth, and any remaining globules of mercury
adhering to the external surfaces of the die or wax pattern
were carefully removed with a fine sable brush. Since the
die was essentially irmmersed in mercury at the‘time the wax
pattern was seated, any space existing between the die and
wex pattern, or casting, remained filled with mercury. To
recover this entrapped mercury, the pattern waa carefully
removed over & porcelain dish after which any globules of
mercury remaining on the cavity surfaces or wax pattern were
brushed off and collected in the dish. It will be appre-
ciated that the amount of mercury recovered will be in direct
relationship to the adaptation of the wax pattern. The
collected mercury was then weighed on a balance accurate to
0.0002 grams (0.2 mge)s If desired, the micromeasurement
thus made could be converted to a volumetric reading through
division by the density (13.456) of mercury.

A total of fifty~-six wax patterns were formed in an

effort to determine an accuracy which could be considered
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to constitute a well adapted pattern. Three technlcs were
tried in the formation of the wax patterns, and the patterns
were readapted by two swaging methods. Fifteen of the
patterns were constructed using sﬁall increments of wax with
digital pressure between additions. Another set of fifteen
were formed by preésing a matrix filled with softened wax
down over the die and meintaining digital pressure until the
wax had cooled. The third set of patterns were prepared by
first placing & matrix sbout the tooth then pouring the wax
in a single increment, after which digital pressure was main-
tained dntil the wax had hardened.

The adaptation of each of the above patterns was
measured, using the mercury mlcromeasurement test, after
which they were more closely adapted by use of a swager.
They were then reevaluated. The patterns formed by the
three technics just described, and listed in TABLE I, Page
18, were all swaged in a water swager. The rgmaining eleven
patterns (TABLE II, Page 19) were formed by the single
increment method and swaged in the mouldine swagere.

Both swagers (Figure 3, A and B) were designed and
conatructed by Dr. Hollenback. The water swager 1is a
cyllindrical eluminum flask with & screw type 1id which is
gealed with rubber "O" rings. A threaded plunger and a
pressure gauge are fitted through the 1id. This device is

gealed to the extent that pressures in excess of one thousand
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pounds pef square inch can be maintained over a prolonged
time. A number of trial runs were made swaging at different
temperatures and pressures. Since high temperatures and
pressures consistantly gave the best adaptation, most of the
wax patterns reported were swaged with an inltial water
temperature of 140°0 F. and 1000 lbs pe.s.i. However, this
was not critical. The swager and 1lts contenta were allowed
to bench cool to within five or ten degrees of room tempera-
ture. Before placing them in the water swager the master die
with patterns in place was enveloped in mouldine awaging com-
pound to distribute pressures evenly and to form a seal pre-~
venting water from getting under the wax patterns. When
stone dies were used, especially in the mouldine swager, 1t
was found necessary to surround the die and pattern with thin
pollyethylene sheets to prevent forcing of the oil in the
swaging compound through the pores of the stone to & poaition
under the wax patterns.

The mouldine swager (Figure 3B) was constructed late
in the project. It was felt that cold wax would flow better
and more completely under prolonged pressures than under &
sudden impact such as is generally used in this type of sgwager.
Accordingly, a presa was constructed to apply such a force
against the plunger. Eleven wax patterns were swaged in this
instrument. Application of separating mediums to the dies

was necessary in the use of both types of swagers %o facilitate
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removal of wax patterns following swaging.

An effort was made to determine the distribution of
residual mercury between the die and inlays as seen in the
micromeasurement test. A three surface preparation similar
to the one in the master dle was cut‘in a clear plastic
tooth (Figure l). A wax pattern was formed and adapted to
the cavity. Mercury was then displaced from the cavity after
which & visual determination of the distribution of mercury
could be made. Further comparison of the volume of entrapped
mercury with the total surface area covered gave an approxi-
mate idea of the average thickness of the film of mercurye.

A wax pattern was then invested and cast in gold. Similar
comparisons were made using the gold casting.

Comparison of the direct and indirect methods was made
by measurement of the adaptation of a given pattern and cast~-
ing on both the master die and a duplidate stone dle. Three
types of elastic impression materlals were ugsed. These in-
cluded a hydrocolloid, a silicone, and a mercaptan rubber.
Brands of materials selected, including the stone die materilal,
were considered to be representative of the more dimensionally
accurate materials in common ﬁsage today. Resulta are not
necessarily representative of all materials in each classifi-
cation. Selection was based on the resultas of a recent ex-
tensive study of gypsum die products and elastic impression
materials in which the present author participated and which
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ia, as yet, unpublished.

The reliability of the mercury micromeasurement method
for determining casting adaptation was determihed by making
ten consecutive measurements was made ﬁsing a wax pattern to
determine the relisbility of the method for wax patterns.

The gold castings were protected from being attacked by
mercury simply by oxidizing them. This technic of protecting
the gold castings has been checked by comparison of the micro-

welght of castings before and after mercury micromeasurement (9).
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CHAPTER IV

RESULTS AND OBSERVATICONS

Mercury micromeasurement of the adaptation of wax
patterns constructed by the addition of wax in small incre-
ments (TABLE I) showed these patterns to have an average of
1.57 cu. mm; of space between them and the master die.
Following swaging the same patterns averaged only 0.58 cu.
mme It was noted that patterns formed by this method had
the greatest tendency to adhere to the die. Accordingly,
unless more separating medium was used, there was a greater
tendency for breakage of the patterns on removal.

The widest range of pattern adaptation was seen in
the group formed by forcing wex softened in a matrix down
over the die. As may be seen from TABLE I, micromeasurement
of this group averaged 23.l4 milligrams of mercury, or 1.73
cu. mm., before swaging and 7.7 milligrams, or 0.57 cu. mm.,
afterward. The line angles in these patterna were not
always sharp before swaging, but the internal surfaces of
the wax appeared smooth and shinye.

The third group of patterns were prepared by pouring
melted wax in a single increment into a matrix surrounding
the cavity. As the wax cooled digital pressure was applied
both from occlusal and proximal directions until the wax had




18

L €T LG €L°T gg* LSt
(eo8dE *umx °nd)
SNVER
1°9 €61 Ll e 6°.L 2°1e
, (87 3w)
. SNYEH
" g9 2t 6°L °0T C TR rARI
Lot T°ET s°s £°0t - g°s IAEAN
2's g*21 0°s 1 9°9 112
g°s 9°ST 8°9 feze S T°¢ 2 e
6°6 Leie 8°9 T°0T 0°6 0°12
g°qg L°LT T°9Q feee 6°S Hehe
1°0T e ge g9 0°22 0°9 12
g8°G. et uexoIq 9°81 ueqoaq 0°9T
rAd) L°ge 0°Ht 0° 91 Lol 12
g°0T 9°¢T 9°g ge°ee 8°ST 0°ge
uexoaq g e g6 ge€2 6°6 Lege
6°9 1°22 0°9 LMAS g°0T 0°92
1°9 9°6T1 0°TT Le2s - 6°9 G*6T
61 €91 ueyodq S uexoaq g8°92
0°S gele 1°8 6°9T1  ueyoJaq q°gT
But3smg Sut8emg Sutlemg But8smg Sut3smg ButlemMg
.. 033y .edozed _ae3Jy _eaozed .d03JY - exoJed
N XTagel X8M JO X8M JO

goTuyoe] uoumon oeoJyyl £q pewIog SUIS}3BJ XBM JO JUOWEINSBEWOIOITH Lanodel

UT poue3Jos XBM

SjuewexoUT PeaTOH ©TSUTS

EQUeWOJOUT PeqTeH TTBUS

Lanodey] Jo SweaSTITTH UT JUSWEINEBOWOIDTH

JoBeMg Je88M ® UT uorqeqdepeey J03JV PUB eJoJed

I HI19Vd



19
cooled. Micromeasurement of this group averaged 193 milli-
grams of mercury, or 1.43 cu. mm. before and 6.4 milligrams,
or O.47 cu. mm., after swaging. Patterna formed in this
menner manifested sharp detail and appeared to have well
condensed surfaces.

Eleven wax patterns were successfully gwaged in the_
mouldine swager. The average space found under these patterns
(TABIE II) was 0066 cu. mm. When this type of ewaging was
used a greater tendency for distortion and breakage of the
patterns waa noted.

It was observed that the adaptation of wax patterns
was effected by minute scratches in the wells of the cavity
preparation. Difficulty was experienced in removing well
adapted patterns and after removal small amounts of wax could
be seen filling the scratches.

Since the die was cleaned before each micromeasurement,
it was felt that the mercury would also find space in the
scratches. Accordingly, the cavity walls were carefully
polished. Following this a deflinite decrease in the amount
of separating medium required to remove patterns was noted,
and proportionately better adaptation was observed.

The method used to determine the distribution of resi-
dual mercury under inlays during mercury micromeasurement was
not intended to give quantitatively accurate results. It did,

however, serve to demonstrate that a relatively small amount
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of residual mercury may be spread over a large percentage of
the surface on the cavity in a very thin film, Thus the
average thickness of 1.5 cue. mm. of mercury spread over the
entire 25 square millimeters of the cavity surfaces was about
1/300th of a millimeter. Complete coverage of the cavity sur-
faces was achieved under wax patterns but not under the casting.

In the comparison of the indirect with the direct method
(TABLE III) the following results were obtained. The average
difference in the amount of mercury entrapped under a wax
pattern measured on the master die was 0.8 milligrams (.059
cue. mme of space). In the same type of comparison using five
stone duplicates made from a mercaptan rubber, the average
difference was again 0.8 milligrams. Using five stone dup-
licates made from the hydrocolloid impresaion material, the
average difference was found to be 0.6 milligrams (.O45 cu.
mm. of space). The total space under the patterns on the
master die in the above experiments was 1.12 cu., mme., 0.95 cu.
mm., and 1.08 cu. mm. respectively.

The standard error for the rellability of the mercury
micromeasurement method (TABLE IV, Page 23), using gold caste-
inga, waa found to be OQ.l} percent, while that for micro-

measurement using wax patterns was 0.6 percent,.
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CHAPTER V

DISCUSSION AND CONCLUSIONS

The adaeptation of wax patterns by aswaging under high
temperatures and pressures, it was felt, should have given
perfect adaptations. The fact that thls was never achleved
during the project was probably due to several factors.
Removal of patterns after swaging without breakage or dis-
tortion was impossible unless a separating medium was used.
Separating mediums took up space which was later filled with
mercury. Although several types of lubricants were tried
and some were found to function better in smaller amounts
than others, no exhaustive attempt was made to find an ldeal
lubricant. There is a possibility that air may be entrapped
under patterns in the swaging process. The effect of its
initial compression and subsequent expansion when awaging
pressures are released was not determined.

Reaults from the study of the three technics for form-
ing wax patterns indicate that no one method gave signifi-
cantly better adaptation than did the others.

A more complete study of the distribution of mercury
under castings might well add to our present knowledge of the
effect that variables in the casting process have on distor-

tion of molds and subsequent castings.
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The results of the comparison between the direct and
indirect methods indicate that under ideal conditions the
indirect method is very accurate. This can be graphically
illustrated by the fact that the difference of elight~-tenths
milligrams, found in two of the materials used, represents
the space occupled by & sphere of mercury the dlameter of
which 1s slightly lesa then that of the perlod at the end of
thls sentence.

We belleve mercury micromaasuremeﬂt to be a valid
method for evaluating the total adaptation of wax patterns
and gold castinga. As such it should prove to be a useful
tool in future investigations of many dental materials and

technics.
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CHAPTER VI

SUMMARY OF FINDINGS

No significant difference was found in the adaptation of
wax patterns formed by three commonly used technics.
The volume of the space between a die and a well adapted
wax pattern should be less than two cubic millimeters
. before swaging and less than one cubic millimeter after
swaging, when the technics used in this gtudy are
followed.

Roughness of cavity walls adversely effects the adaptation
of wax patterns.

The accuracy of the indirect method for preparing dental
castings was found to be very good under controlled

condltions.
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Although the indirect method for preparing dental
caatings has been 1in use for over forty-five years, very
1ittle information has appeared in dental literature rela-
tive to its accuracy. The development of & precise and
quantitative method for determining the adaptation of wax
patterns or castings was neceasary before such an evaluation
could be considered valid. It was felt the Mercury Micro-
measurement test, devised in 1958 by Hollenback, should
meet these requirements. A description of the test had
been published. However, at the time the project was begun,
no data had appeared in the literature.

In order to estéblish a standard for accuracy of wéx
pattern adaptation, a total of fifty-six wax patterns were
formed for a master die using three different waxlng technics.
The tooth used as a magter die was & one and one-half dimen-
sion, ivorine, mexillary first molar with a typical M.0.D.
preparation cut in it, After mercury micromeasurement the
wax patterns were readapted by use of two types of awagers
and reevaluated.

A three-surface preparation similar to the one in the
master dile was cut in a clear plastic tooth in order to
viaually ascertaln the approximate distribution of mercury
left under seated wax patterns and castings.

The accuracy of the indirect method was determined

by comparison of the adaptation of given wax patterns in
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The following is a brief summary of the more signi-

ficant findings of thls study:

l.

2e

3.

No clinically significant difference was found in
the adaptation of wax patterna formed by three
commonly used technicsge.

The volume of the space between a die and a well
adapted wax pattern should be less than two
cubic millimeters before swaging and leas than
one cubic millimeter after swaging, when the
technics used in this study are followed.
Measurements on normal sized teeth, it will be
recognized, should be less than two-thirds of
the amounts found in these measurements.

Roughness of cavity walls adversely effecta the
adaptation of wax patterns.

The accuracy of the indirect method for preparing
dental castings was found to be very good under

controlled conditions.
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