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The use of base metal alloys in fixed pros-
thodontics has created a necessity to con-
struct one-piece metal castings for multiple
unit fixed partial dentures. This approach
arises as a result of the difficulty in achieving
a strong dependable pre or post solder joint.l)'4)

Previous studies on the fit of base metal

alloy castings have indicated an apparent
universal problem of poor surface texture, and
castings commonly being short at margins or
tight fitting.3"®  Other investigators using a
modified investing technique have found Ni-Cr
castings were routinely oversize.”’
It follows that investing techniques must be
strictly controlled, each alloy evaluated for
specific shape of casting using an investment
having high and reproducible expansion
characteristics.

Since there is an obvious need for more basic
research into these problems, a study was
designed to provide a method of assessing the
dimensional changes occurring at the marginal
area of a multiple unit fixed partial denture.
In this study the distance between specific pre-
cast (wax stage) and post-cast points on abut-
ment crown margins were recorded as the
expansion of the investment was altered.

MATERIALS AND METHODS

The model-Typodont teeth (maxillary Ist
bicuspid and maxillary 2nd molar) were reduced
for representative porcelain veneer crown
preparations having a buccal shoulder and
proximal and lingual chamfer finish lines. At
four points on the proximal margins of each
preparation a groove was made to allow the
positioning of indexing pins for subsequent
measurements. The two teeth intervening were
removed to provide an edentulous ridge area.
This simulated four-unit bridge was impressioned
with polysulfide rubber® and a silver electroplat-
ed cast was produced. The abutment dies were
indexed with dowel pins and made removable
from the master cast.

WAX PATTERNS—-The abutment dies were
initially dipped into molten wax®® to provide a
wax coping of 0.3mm. Subsequently, a lmm.
band of this wax was removed from the margin
and this area was refilled with Maves green
wax®®® and carved to end at the finish line.
Two premolded wax pontics®®*®® were posi-
tioned into the edentulous area with a lingual
indexing jig and wax connectors were added
between each abutment pattern and pontic
secton resulting in a one-piece four-unit waxed

® Kerr Permlastic, Syborn/Kerr, Romulus, Michigan 48174
®e Die Dip Dipping wax, Belle de St. Claire, Van Nuys, CA91406
®ee Maves #2 Inlay Wax, Maves Co., Cleveland, Ohio 44144
®eee Pontic Mold #35, Perfectone Co., Inc., Ft, Lauderdale, FL 33313
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span. Asthe wax unit seated on the master cast

the major sprue luted to the linegual cusp area.

A silicone mold was employed to produce
a custom sprue. On each abutment pattern
four indexing needles®®®®® were inserted into
the wax at the indented points on the die margin
along with one needle inserted at the middle of
the proximal-occlusal line angle. These needles
were all 5.0mm. long and extended into the wax
to touch the axial wall of the die.

sealed to the external surface of the patterns
with sticky wax. The four-unit waxed span with
indexing needles was then separated from the
master cast and wax was removed internaily
in the pattern sufficient to visually expose the

tip of each needle.

They were -

MEASUREMENT OF PATTERNS-Subsequent
to completion of each four-unit wax pattern,
the wax specimen with indexing needles and
attached sprue was placed onto a positioning
jig in an inverted position. This assembly per-
mitted recordings to be made of the distances
between the corresponding indexing points
using a traveling microscope.® (Fig. 1., 2.)
The time elapsed in making these recordings
was controlled to minimize spatial changes
caused by distortion of the wax patterns. Each
measurement was recorded to the nearest
0.005mm. Subsequently, the major sprue was
luted to a sprue base, ovoid in shape (38mm.x
50mm.). A length of Kaoliner®™ (40mm.x
120mm.) was wrapped around the sprue base

Table I. Sprue, investment, burnout, and casting protocol.

Sprue design

8 gauge sprue directly connected to each lingual cusp area and these

joined to a common 6 gauge reservoir sprue

Investment

Hi-Temp* Lot #

Powder — 1276001
Liquid - 9209002
liquid maintained at 72°F

Liquid/Powder ratio 19¢c/120 gm,

Schedule A 100% Hi-Temp liquid

Schedule B 75% Hi-Temp liquid + 25% distilled water

Schedule C 50% Hi-Temp liquid + 25% distilled water

Schedule D 37.5% Hi-Temp liquid + 62.5% distilled water

Spatulation 60 second mechanical mixing (500 rpm) with vacuum, 30 second

vibration with vacuum**

Setting time
Casting ring

Burnout

60 minute bench set
No retaining ring surrounding investment during burnout process

30 minute heat soak (550°F)

45 minute heat soak (1650°F)

Casting

Gas-oxygen torch used to melt metal and centrifugal casting

machine*** used to force flow of molten metal into investment

Melting range Lite Cast B

2120° - 2320°F

eseee Monaject 400, 27 gauge long needles, Sherwood Medical Industries Inc., Deland, Florida 32720

s Traveling microscope, Gaertner, Scientific Corp., Chicago, IL
) KaolinerTMv, Dentsply International Inc., York, PA 17404



b outer buccal ——m

N

imer lingual

occlussal

Fig. 1. Gingival view of four-unit bridge with

indexing needles

Fig. 2. Buccal view of four-unit bridge with

indexing needles (O : occlusal, C: cervical)

and outside of this a layer of boxing wax"*®
was adapted with the free ends luted together.
This cylinder of Kaoliner and boxing wax served
as a retaining ring during the investment pro-
cedures. Hi-Temp investment was mixed in the
proportion recommended by the manufacturer
(Table I.) and varied only in concentration of
liquid as indicated in table I. Before filling the
ring, the investment was painted to fill the
internal aspects of the abutment patterns.

INVESTING BURN OUT-CASTING-The
setting time of investment, burnout schedule
and casting procedure for each of the patterns
were standardized and carried out as described
in table 1. Five pennyweight of nickel-chrome
alloy with beryllium,® containing at best 50%
new metal, was used for the casting of each
specimen. Each casting was bench cooled to
room temperature before devestment. Remain-

ing investment was removed in a solution ot
stone and plaster remover®?in conjunction with
ultrasonic vibration.

Each completed four-unit casting was
suspended on the positioning jig and the
traveling microscope used to measure distances
between the indexing points which corresponded
to those previously used for measurement in
the waxed specimens. Again, two measurements
were made for the inside, two for the exte
rnal,and one for the occlusal span distance.

RESULTS

Thirty fixed partial dentures simulating a four-
tooth span were made and the only variable
introduced into the protocol was a dilution of
the Hi-Temp investment liguid. Table II.shows
the colloidal silica concentration versus casting
oversize in percent within each group. Al
specimens had an increased linear dimensional
change after casting, which was effectively
reduced with each successive dilution of liquid
until the 50% concentration was reached.
Further liquid dilution to a 37.5% concentration
did not significantly reduce the dimensional
change; however, it did create a marked in-

crease in surface roughness, The relative change
in outside and inside dimensions to concentra-
tion of colloidal silica liquid is illustrated in
table II. The Schaffe’s test was used to com-
pare differences between sample means.

DISCUSSION

The failure to produce adequate investment
expansion for a base metal cast span was not
substantiated by this testing methodology.
In fact, the concern as interpreted from the
data is the need to limit excessive expansion
such that one can expect a four-unit cast fixed
partial denture to simultaneously seat onto two
abutment preparations. Table Ill.clearly illus-
trates the greater dimensional increase realized

wae Boxing Grip wax, L.D. Caulk Co., Milford, Delaware 19963

< Lite Cast-B, Williams Gold, Buffalo, NY 14214 07302

oo Stone & Plaster Remover, L & R Manufacturing Co., Kearney, NJ



Table II. Mean bridge lengths in mm. for the wax (W) and cast (C) stages and their difference (D)asa
function of investment liquid concentration.

. Quter Quter Inner Inner
Dimension Buccal Lingual Ocelusal Lingual Buccal
Sample
size
Concentra-
tion of
Hi-Temp.
liquid (%) w C D w C D w C D w C D w C D
100 8 29.88 30.94 1.06 28.96 29.94 0.98 [28.09 29.02 0.93)20.38 20.65 0.27)|21.,21 2148 0.27
75 11 29.85 30.55 0.70 |28.82 29.48 0.66|27.97 28.58 0.61|20.40 20.62 0.22}21,37 21,64 027
50 6 29.76 29.96 0.20 29.20 29.37 0.17 (28.14 28.29 0.15|20.21 20.95 0.07|21.42 22.27 0.09
37.5 29.86 30.04 0.18 |29.07 29.23 0.16|28.06 28.19 0.13|20.47 20.87 0.04|21.24 21.77 0.05

Table III. Mean percentage*of expansion and standard deviation as a function of liquid concentration.

. . Outer Outer
Dimension
Buccal Lingual
Sample size
Concentra-
tion of Hi-
Temp. liquid (%)
100 8 3.54:.26 3.40+.20
75 11 2.34+.39 2.29+.33
50 6 0.68+.05 0.59+.10
37.5 5 0.60:.07 0.52+.14

Occlusal Ir‘mer Inner
Lingual Buccal
3.30+.36 1.34+.22 1,28+.,29
2.17+.27 0.98+.31 0.91+.39
0.54+.10 0.37+.18 0.40+.09
0.46+:.04 0.20+.18 0.25+.13

* Percentage calculated as:

(casting measurement - wax measurement)
X

wax measurement

across external index points than across internal

index points. The explanation for the observed

differences in inside vs. external oversize (%)

may be due to some degree of restricted setting
expansion exerted by the inside wax span
assembly. The external being less restricted and
significantly higher.

The occlusal indexing points were placed
so that the dimensional change occurring
between them could be recorded and related
to those of the outside gingival indexing points
(Fig. 2.). In this manner a measure of the

100

vertical warpage across the four-unit span could
be appreciated. This comparison of actual
dimensional change between the occlusal and
gingival outside indexing points (Table II1.)
does not indicate significant vertical warpage
for the length of the span measured.

A subjective evaluation of the results was
made by attempting to seat representative
sample one-piece castings from each of the four
concentrations of investment liquid onto the
master cast. The sample castings from the
100% and 75% liguid concentrations seated



onto the master cast only within lmm. of the
margin. The sample castings for 50% and 37.5%
liquid concentrations provided complete seating
after very minimal relief of the internal axial
walls.

CONCLUSIONS
11 The investment expansion possible with
Hi-Temp investment exceeds the require-

ments necessary to compensate for cast metal
shrinkage of a base metal alloy (Lite-Cast B)
across a four unit span.

2. It is possible to significantly alter the ex-
pansion of Hi-Temp investment by diluting
the concentration of the Hi-Temp liquid
with distilled water.

3. The problem in fabricating a fixed partial
denture cast as one-piece may well be in
negating any expansion occurring between
the inner facing proximal walls while
simultaneously providing for expansion
between the outer facing proximal walls.

4. It is possible to cast a four-unit fixed partial
denture with a base metal alloy (Lite-Cast
B) without producing significant vertical
warpage across the span.

5. A test method to quantify the casting
accuracy of multiple unit fixed partial
dentures was developed.
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