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ABSTRACT

Introduction: The ultimate success of fixed prosthesis is to pay
meticulous attention to the detailed production of the missing
tooth structure. Such an accurate replication is technically
demanding. Hence, the aim of the study was to evaluate the
accuracy of marginal fit of castings with varying sprue diameter
and using ring and ringless techniques.

Materials and methods: Forty standardized wax copings
were fabricated on a stainless steel die and divided into two
groups. The first group was cast using the metal ring invest-
ment technique; the second group was cast using the ringless
investment technique. Both the groups were further divided into
two groups, each based on the diameter of the sprue (groups |
and lll: 4.5 mm and groups Il and IV: 2.5 mm). The vertical
marginal gap was measured at three sites per specimen, using
a digital optical microscope at X100 magnification. The results
were analyzed using two-way analysis of variance and inde-
pendent t-test to determine statistical significance.

Results: The vertical marginal gaps of castings fabricated using
the ringless technique (0.145 + 0.072 mm) were significantly
less (p < 0.001) than those castings fabricated using the con-
ventional metal ring technique (0.264 + 0.100 mm); however,
the vertical marginal gaps of the 2.5 mm sprue diameter (0.199
+ 0.092 mm) and 4.5 mm sprue diameter (0.211 £ 0.118 mm)
castings were not statistically significant (p > 0.05). There was
also statistically significant interaction (p < 0.001) between
group IIA (0.120 £ 0.038 mm) and group IA (0.302 £ 0.098 mm),
which was analyzed using the independent t-test.

Conclusion: It can be concluded that the ringless casting
technique in comparison to metal ring technique produces
metal castings of better marginal adaptation. Furthermore,
the sprue diameter had significant difference wherein the 4.5
mm diameter produced the least vertical discrepancies in the
ringless casting technique and 2.5 mm produced lesser vertical
discrepancies in the metal ring.

Clinical significance: One of the key factors that decides the
success of a metal-ceramic restoration is the marginal fit. The
accurate fit of the restoration greatly minimizes the plaque accu-
mulation, offers good mechanical properties, and reduces micro-
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leakage and development of secondary caries. The techniques
of casting procedure and sprue diameter can have an influence
on the outcome. Hence, the current research was undertaken
to study the influence of these factors on marginal fit.
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INTRODUCTION

The long-term success of metal ceramic restorations
among all other factors relies chiefly on minimizing the
marginal gap at the finish line.! The very importance
of accurate fit of dental castings is that it allows less
plaque accumulation, offers better mechanical proper-
ties, decreases the cement space, hence, less chances for
microleakage and secondary caries development. There-
fore, there has been every effort expended in the field of
fixed prosthodontics to achieve a restoration of precise
fit through means of strict and controlled steps in the
process of casting.**

The variables in the process of casting that affects
the final restoration are materials creating the crown
patterns, alloy-investment combination, sprue material
and its geometry, alloy combinations, casting method,
casting temperature, and casting techniques.>”

Conventionally, the metal ring has been used for
investing and casting of dental prosthesis. However,
research indicates that the use of metal ring tends to
restrict the thermal expansion of the investment material
leading to the forces exerted inward leading to undersized
restorations.® In addition, the use of a wet ring liner aids
for more expansion but to some extent.>0 Moreover, the
expansion of metal ring is less than the investment, which
further limits the thermal expansion of the investment
material.'"!? This technique was consequently challenged
with an alternative technique of ringless casting system
that permits unrestricted expansion of the investment due
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to removal of the ring. The procedure consists of a plastic
ring that confines the heat-resistant phosphate bonded
investment to allow its initial setting followed by removal
of the plastic ring to permit an isotropic expansion of the
investment material.!*!*

Another factor that affects success of casting is the
sprue that forms a channel through which the molten
metal can flow and fill the mold space. The efficacy of the
sprue design depends on various components, such as
the thickness of the sprue, sprue angulation to the wax
pattern, material of the sprue, and location of the sprue.
Above all, sprue diameter plays a vital role. Preferably,
various authors have recommended that the sprue thick-
ness should be same or larger than the thickest portion
of the wax pattern.!>!®

Hence, the purpose of this in vitro study was to evalu-
ate the marginal fit of metal castings using metal ring
and ringless casting techniques and to find out a reliable
technique which can be used for routine casting. The
study also reflects on the effect of sprue diameter on the
marginal discrepancy of the metal castings.

MATERIALS AND METHODS

A standardized stainless steel metal die with a core of
6 mm height and 8 mm diameter, with 6° taper and a
1.5 mm uniform sharp cervical margin of 90° was made to
simulate a prepared molar tooth on which the wax patterns
were fabricated. To ensure uniform thickness of the wax
pattern, a stainless steel analog with no superior surface
was also made that fits exactly onto the metal die creating
a uniform space of 1.5 mm. Predetermined markings were
scribed on the master die at three points at the level of the
finish line to identify the marginal discrepancies.!”!®

On the metal die, 40 wax patterns were fabricated,
which was divided into two groups: The metal ring
casting and ringless casting group with 20 metal copings
each. The metal ring casting and ringless casting groups
were further subdivided based on the sprue diameter
into two groups: Groups I and III (4.5 mm) and groups II
and IV (2.5 mm) (Table 1).

To fabricate the cylindrical wax pattern, the stainless
steel analog and the die were first brushed with the die
lubricant. The crown blue wax was melted over the burner,
which was poured into the space between the analog and
the metal die from the superior opening. The assembly
was held together for 3 minutes to allow the wax to com-
pletely harden.

Table 1: Study groups

Groups Group | Group Il Group Il Group IV
Type of ring Ring Ring Ringless  Ringless
Sprue diameter 4.5 mm 25mm  4.5mm 2.5 mm

This was followed by spruing of each wax pattern
with the respective sprue diameters. The wax patterns
belonging to groups I and IIl were sprued with a 4.5 mm
sprue diameter and the wax patterns belonging to
groups Il and IV were sprued with a 2.5 mm sprue diam-
eter at 45° angle. A reservoir was placed at 2 mm from
the sprue ends. The entire assembly was attached to the
wax crucible former such that it was 6 mm away from
the ring end and each assembly were invested separately.

In the metal ring casting technique, the ring was lined
with wet cellulose ring liner and the investment was
conventionally allowed to bench set for 1 hour. However,
in the ringless casting technique, each of the ring was
left in the pressure pot at 1.5 psi for 5 minutes and after
10 minutes of initial setting, the plastic rings were
removed and allowed to bench set for an hour.

The molds were placed in the burn out furnace at
230° till it reached 950° at which it was maintained for
15 minutes to ensure complete wax burn out. The molds
were then cast with two nickel-chromium pellets. The
retrieved castings were divested with sandblasting with
50 microns aluminum oxide particles and then ultra-
sonically cleaned. The sprues were removed and a “blind
operator” placed the castings on the master die using only
finger pressure. In case, the internal surface had some
minor defects, they were removed with a diamond coated
round bur.

MEASUREMENTS AND STATISTICAL ANALYSIS

The metal castings were seated on the metal die and
the accuracy of fit was evaluated by measuring the gap
between the finish line and the margins of the casting on
three predetermined specific sites with the use of Mitutoyo
toolmaker microscope under x15 magnification. Statistical
analysis was executed using IBM Statistical Package for
the Social Sciences statistic 20 (Table 2). The mean vertical
discrepancy for each group was analyzed (Graph 1) by a
two-way analysis of variance (ANOVA) (Table 3) followed
by independent t-test to analyze the interaction (Table 4).

RESULTS

The values from two-way ANOVA indicated that there
was statistical significance in the type of ring system

Table 2: Descriptive analysis

Type of

ring Sprue diameter (mm) Mean £ SD (mm) n

Ring 25 0.22653 + 0.091452 10
4.5 0.30277 +0.098573 10
Total 0.26465 + 0.100467 20

Ringless 2.5 0.17150 £ 0.089493 10

4.5 0.12000 + 0.038968 10
Total 0.14575 £ 0.072187 20
SD: Standard deviation
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Graph 1: Mean vertical discrepancies of the groups

used and also an interaction between the type of the
ring and the sprue diameter. The ringless casting tech-
nique produced significantly less vertical discrepancy in
comparison to the metal ring casting technique (groups I
and II: 0.264 + 0.100 mm and groups III and IV: 0.145 +
0.072 mm). The independent t-test analysis showed that
there was statistical significance when a 4.5 mm sprue
diameter was used in the ringless casting technique.

DISCUSSION

The minimum estimate of marginal discrepancy of fixed
restorations has been an issue of contention. Holmes et al'
have defined the internal gap as the measurement
between the axial wall of the prepared tooth and the
internal surface of the casting, while the same measure-
ment at the margin was called the “marginal gap.” The
American Dental Association specification number 8 has
denoted that the thickness of luting cement for a fixed
crown should not surpass 25 pm for type I luting agent or
40 um for type II luting agent. These values of marginal
openings are rarely achieved.”” Henceforward, McLean
and Von Fraunhofer®! argued and accomplished a 120 to
150 um opening after cementation could be deliberated
as an acceptable marginal gap range.

The accuracy of casting is influenced by various
factors, but there isno clear evidence in literature to which
variable should be controlled that provides consistently
an improved marginal fit of dental castings to prevent
microleakage and secondary caries development.”?>?>

The conventional metal ring casting technique has
been an unfailing technique that has produced clinically
acceptable dental prosthesis. However, due to definite
restriction of setting and thermal expansion of the
investment material by the metal ring coupled with the
solidification shrinkage of alloy and uneven thermal
expansion of the metal casting ring leads to undersized

Table 3: Two-way ANOVA

350 Type Il sum Mean
@ Source of squares df square F-value  Significant
g 300 Type of ring 0.141 1 0.141 20.483 <0.001
= Sprue diameter 0.002 1 0.002 0.222 0.641
£ 2507 Type of ring*  0.041 1 0.041 5.910 0.020
© sprue diameter
E i
5 <8 Corrected total ~ 0.432 39
E
£ 150+
i

1004 Table 4: Independent t-test in groups | and Ill

2'.5 4'_5 Type of ring n Mean + SD (mm) p-value
Typering Average Ring 10  0.30277 +0.098573 <0.001
—Ring Ringless Ringless 10  0.12000 + 0.038968
SD: Standard deviation

castings with increased vertical marginal gaps.®'? Hence,
with the use of the ringless casting technique, the above
limitations could be eliminated.'*"*

In an in vitro study investigated in 2000, Lombardas
etal® stated that ringless casting technique produced less
vertical discrepancy (181 + 71 pm with Bego) in compari-
son to the castings produced with conventional metal ring
technique (290 + 87 pm with whip-mix and 291 + 88 um
with Bego), denoting that both the methods were within
the clinical acceptable range, nonetheless the ringless
technique being appreciably more accurate method.

In 2014, Prasad et al?® evaluated the combination of
accelerated wax elimination technique with ringless
casting technique in comparison with the conventional
wax eliminated and metal ring casting technique. The
results were again in bias of ringless casting technique
(76.98 + 7.59 nm) whether conventionally wax eliminated
or accelerated wax eliminated in the production of less
vertical discrepancies.

In this study, the resultant mean vertical discrepan-
cies were similar to the above studies, proving that due
to isotropic expansion of the investment material in the
ringless casting technique the marginal adaptation of
metal castings were improved. The observed mean of
marginal discrepancies in ringless group (groups III
and IV) was 0.145 + 0.072 mm and in the metal ring was
0.264 + 0.100 mm (groups I and II).

The primary function of sprue is to form a channel
through which the molten metal can flow and fill the
mold space. The diameter of the sprue is considered to
be one of the crucial variable that influences the castings
marginal adaptation. In this experiment, two diameters
were considered thicker' than the ordinarily formed wax
patterns, to evaluate its effect on the marginal discrep-
ancy of the nickel-chromium alloy castings.

The obtained results were plotted on profile graph
and it can be inferred that in the metal ring groups
with increase in the diameter of the sprue the marginal
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discrepancy increased (group I > group II). However, in the
ringless groups, with increase in the diameter of the sprue
the marginal discrepancy decreased (group IV > group III).

Overall, the 4.5 mm diameter gave the least marginal
discrepancy in the ringless group (group I > group II >
group IV > group III).

Thus, along with an uniform setting and thermal
expansion of the phosphate bonded investment material
in the ringless casting technique, a larger sprue diameter
would allow an easier and unobstructed channel for the
molten metal to fill in the mold space uniformly. This
was observed in group III, with the larger sprue diameter
having the least mean vertical discrepancy of 0.12000 mm
in relation to group IV of smaller sprue diameter with a
mean discrepancy of 0.17150 mm. Altogether, due to the
unrestricted expansion of the ringless casting technique,
the metal castings produced through this method pro-
duced the least vertical discrepancies.

However, in the metal ring groups due to a nonuni-
form expansion of the investment and the metal ring, a
larger sprue would cause greater solidification shrinkage
causing greater distortion in contrast with a smaller sprue
diameter. Hence, in group 11, a lesser mean vertical dis-
crepancy of 0.22653 mm with the smaller diameter was
observed and in group I with 4.5 mm diameter, a larger
vertical discrepancy 0.30277 mm was observed.

Thus, from this study, the marginal fit of metal castings
was much more accurate in the ringless casting technique
groups which are consistent to the results achieved in other
similar studies. The sprue diameter also played a major
role in the marginal discrepancy with differing results in
both of the casting techniques. A larger sprue diameter
allowed the molten metal to have smooth path to fill the
mold space in an investment material, i.e., capable to
expand uniformly and compensate for the solidification
shrinkage of the alloy. However, the same larger sprue
diameter in metal ring casting technique would cause a
larger spot of molten metal that would solidify last and,
therefore, result in greater vertical discrepancies.

The main limitations of the study are the significance
of the die spacer, expansion of die stone, tooth geometry,
etc., which also have effects in the accuracy of casting in
metal restorations. Hence, further investigations should
be performed interlinking all of the possible variables
to denote that the ringless casting technique is better
technique than the metal ring casting technique.

CONCLUSION

Within the limitations of the study, following conclusions

can be drawn:

e Theringless casting technique has an isotropic expan-
sion of the investment material and hence, is capable
to compensate the solidification shrinkage of the alloy

and, therefore, the least discrepancy was observed in
the ringless casting groups.

¢ In the ringless group, the larger sprue diameter
showed the least discrepancy followed by the thinner
sprue. However, the mean was not significantly differ-
ent and well within the clinical range. Hence, both of
the diameters can be utilized when using the ringless
casting technique.

e Overall, the metal ring casting groups produced
greater marginal discrepancy of the metal castings.
However, the thinner diameter showed lesser discrep-
ancy in comparison to the larger sprue diameter. This
can insinuated that because of larger spot of molten
metal being solidified last in the larger sprue diameter,
it could result in greater localized shrinkage and cause
greater vertical discrepancies.
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