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Effects of Casting Methods over
the Composition Stability of the

Dental Casting Alloy
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ABSTRACT

Introduction: Alloys with high nickel content have been increasingly
used for dental prostheses. The dental casting machines are
regularly used to make dental restorations. The effects of the
casting of the base metal alloys using acetylene-oxygen flame
casting machine and induction casting machine has not much
been studied.

Aim: To estimate nickel, chromium, cobalt, and molybdenum
metals from as-received dental casting alloy of three different
brands and to estimate metals from these alloys after fabrication
of crown using acetylene-oxygen flame casting machine and
induction casting machine.

Materials and Methods: This in-vitro comparative study was
conducted in the Department of Prosthodontics at School of
Dental Sciences, KIMSDU, Karad, Maharashtra, India. Total
of 15 crowns were fabricated using acetylene-oxygen flame
casting machine and 15 crowns by induction casting machine
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from three different brands of Dental Casting Alloys (DCA) by
lost wax technique. Elemental estimation was done for the as-
received pellets and for the crowns fabricated by both methods
using X-ray Florescence spectrometry (XRF). Unpaired t-test
was used for data analysis.

Results: Nickel (Ni), chromium (Cr) and molybdenum (Mo) levels
in crowns fabricated by both acetylene-oxygen flame casting
and Induction casting technique were significantly decreased
(Ni: -2.01% to -5.14%, Cr:-7.35% to -29.51% and Mo: -15.70%
to -95.94%) in all brands of dental casting alloys. Cobalt level
was not detected in all three brands of fabricated crowns by
XRF by either of the casting methods.

Conclusion: These observations indicate that the elemental
composition of the fabricated crowns is decreased as compared
to that of as-recieved crowns, which could be due to the burnout
of some amount of elements during casting.

Keywords: Biocompatibility, Corrosion, Fabricated crowns, Leaching

INTRODUCTION

Casting alloys alternatives which are less expensive and readily
accessible are being researched consistently. Various dental casting
alloy systems has been developed in dentistry for dental restorations.
The nickel, chromium, cobalt, and molybdenum metals are mainly
present in the Dental Casting Alloy (DCA) and different brands of
DCA are available in the market [1].

Base metal alloys, such as Nickel-Chromium (Ni-Cr) and Cobalt-
Chromium (Co-Cr), are being regularly used in the fabrication of
fixed and removable partial denture frameworks since 1929 [2-5].
These alloys have replaced gold alloys due to improved mechanical
and economic properties. The advantages of base metal alloys over
gold alloys are:

1. Lower density of base metal alloys, which helps in fabricating a
less bulky prosthesis.

2. Higher modulus of elasticity, which helps in maintaining the
rigidity of the prosthesis.

3. Conservative tooth preparation in sufficient [6].

The main drawback of the base metal alloys is the difficulty in
grinding, finishing and polishing the fabricated prosthesis [7,8]. The
surface smoothness of fabricated prosthesis is of great importance
in avoiding adherence of micro-organisms. The attachment of the
microorganisms to rough framework surfaces leads to the increase
in the incidence of oral diseases and the hastening of biocorrosion
by providing retentive niches [9,10].

The process of fabrication of crowns undergoes the casting
procedure, which has a risk of impurities getting incorporated in
the alloys, resulting in different compositions of the alloy [11]. This
occurs either from the material transformation during the casting
procedure or from the inclusion of residual metals from previous

work. Furthermore, some laboratories recast the sprues by adding
new alloy pellets [12]. Altogether, these factors might influence the
corrosion of the final product, leading to different corrosion properties
from what the manufacturer claimed. The process of fabrication
and polishing of DCA may alter the percentage of the metal [11].
There are no studies that have reported the influence of casting
methods on the composition of the alloy, which in turn would affect
the corrosion of the alloy. Hence, the present study was aimed to
assess the composition of three base metal alloys, submitted to
different casting techniques, to determine the influence of casting
methods on composition after casting and compared to the as-
received metal pellet.

MATERIALS AND METHODS

This in-vitro comparative study was conducted in the Department

of Prosthodontics at School of Dental Sciences, KIMSDU, Karad,

Maharashtra, India. The ethical clearance was obtained from the

Institutional Ethical Committee [KIMSDU/IEC01/2018]. A total of 30

crowns were fabricated from three different brands of dental casting

alloys and two different casting techniques. Also, 15 as-received

pellets from three different brands were selected as control.

Inclusion and Exclusion critera: The completely casted crowns

without any casting defects were included in the study. Any of the

incompletely casted crowns or crowns with defects was excluded

from the studly.

Three brands of dental casting alloys having different composition

was selected based on the composition and use.

e Brand I: Ni-Cr alloys contained (72.8%-Ni, 4.9%-Cr, 12.3%-Cu,
10%-others),

e Brand Il: Ni-Cr alloys contained (74.7% -Ni ,4.8%-Cr, 13%-Cu,
7%-others)
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e Brand lll: Ni-Cr alloys contained (65%-Ni, 22.5%-Cr, 9.5%-Mo,
1%-No, 1%-Si, 0.5%-Fe, 0.5%-Ce, 0.02%-C).
Sample size calculation: The sample size of study groups for in-
vitro study was calculated by using Mean and SD of Ni, Cr, Co, and
Mo leaching level as per earlier study [13] and using the formula:
48D?

(meanxe)?

SD is Standard deviation, M is mean, and ¢ is precision=3%

As per 95% confidence interval and 90% power of earlier studies
maximum sample size were five each group [13].

Five samples of each DCA pellets were selected as a standardising
procedure and metals present in these three different brands
DCA pellets were estimated by using the X-ray Florescence (XRF)
spectrophotometers (Niton XL2 plus; Thermo Scientific). In XRF,
X-rays are produced by an X-ray tube to irradiate the specimen. The
elements present in the specimen emit fluorescent X-ray radiation
with discrete energies according to their characteristic. The different
energy corresponds to different colours. By measuring the energies
of the emitted radiation of the sample, the elements present were
determined. By measuring the intensities of the emitted energies
(colours) the amount of each element present in the specimen was
determined [14].

The selected pellets were used to fabricate the crowns using:

e  Acetylene-oxygen flame casting method: 15 crowns fabricated
(n=5 of each brand).

¢ Induction casting methods: 15 crowns fabricated (n=5 for each
brand).

Study Procedure

An Ivorine mandibular first molar was prepared using diamond
points for receiving full veneer metal restorations with chamfer finish
line [Table/Fig-1]. The prepared ivorine teeth were scanned using
3M Lava Optical Scanner and contra spray. Scanned images were
exported to STL Format. The Design in STL Format was imported
into the EOS plastic laser sintering system for miling, chrome
cobalt (SP2:BEGO) models. The model so prepared were welded
to a metal base, which was fabricated in mild steel.The base had
specific orientation grooves that served for orientation of custom
tray for impression making [Table/Fig-2].
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[Table/Fig-1]: Tooth preparation on ivorine mandibular first molars.

A total of 30 impressions were made to fabricate 30 samples of dies
and were poured in Type IV Gypsum (Kalrock-Kalabhai Karso, Mumbai
Pvt. Ltd.) according to manufactures instructions [Table/Fig-3,4]. Wax
patterns were fabricated on these dies [Table/Fig-5]. The casting was
carried out using lost wax technique. Three brands of DCA were
tested based on their composition, price and frequancy of use.
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[Table/Fig-2]: Milled model welded to metal base.

[Table/Fig-3]: Impression over the custom tray.
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[Table/Fig-4]: Fabricated dies coated with die spacer.
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[Table/Fig-5]: \Wax pattern fabricated over the dies.

They were grouped into

Group 1: Ni-Cr alloy casted in acetylene-oxygen flame casting
machine (n=15).

For Group 1, a torch flame was used to heat and eventually melt the alloy
before it was forced into the mould. The gases used were a combination
of natural gas and compressed air or natural air and oxygen/acetylene
gas. The temperature range that is achieved from natural air and
oxygen/acetylene gas provides a higher temperature range (1100°C-
1300°C). Torch melting is commonly employed for melting alloys that
have melting temperatures that are less than 1200°C [15].

The melting was carried out after the burn out stage, once the
mould to be cast was placed and locked into position. Pellets of
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the desired alloy (five pellets from each brand) were placed into the
crucible of the casting machine, and the torch was held over it until
the alloy melted completely. The molten alloy was then forced into
the mould either by centrifugal pressure [15-17]. This method is
usually seen to be practiced in smaller dental laboratories.

Group 2: Ni-Cr alloy casted in Induction casting machine (n=15).

For Group 2, induction casting which is commonly employed in large
laboratories for melting most dental alloys was used. This machine
works on the principle of energy transfer that is used in transformers
in which a coail carrying alternating electric current surrounds the
container or chamber of metal. Circulation of Eddy currents in the
metal produces extremely high temperatures which is used for
melting the metals and making alloys of exact composition [15].

The induction heater comprises an electromagnet, through which
high frequency alternating current is passed. The medium frequency
generator (electromagnet) which is the heart of the machine is
enclosed in sheet steel housing. A 110 kHz electromagnetic field
is then produced which heats and mixes the molten metal to a
homogeneous consistency [15].

To avoid overheating, the induction coils were water cooled.
The crucible into which the alloy pellets are placed is held by the
centrifugal arm in the casting chamber and the mould ring.

The heating element or the induction coil is usually located in
the lower section of the chamber which rises and encircles the
crucible when the program is initiated. Pellets of the desired alloy
(5 pellets from each brand) were placed into the crucible of the
casting machine. After the heating phase, the casting process was
started. The melting of the alloy was observed through a protective
glass integrated in the cover lid. Once the alloy reached casting
temperature, it was forced into the crucible by centrifugal force [15-17].

The estimation of heavy metal concentrations from five samples of
as-received pellets from each brand by using XRF was done as a
standardising protocol. The concentration given by manufacturer
for the brand I, I, and Ill, was noted and the mean values of the
Ni, Cr, Co, and Mo concentration of as-received pellets from these
brands were estimated by XRF.

The metal crowns were fabricated by using two different types of
centrifugal casting machines i.e. acetylene-oxygen flame casting
and induction casting machine. Elements present such as Ni,
Cr, Co, and Mo in crowns fabricated from Ni-Cr alloys by flame
gas torch centrifugal casting were measured by XRF machine.
Percentage change of Ni, Cr, Co, and Mo from the crowns fabricated
from different brands of Ni-Cr alloy by acetylene-oxygen flame and
induction casting methods as compared to as received pellets was
done. Percentage change equals the change in value divided by the
absolute value of the original value, multiplied by 100 [18].

STATISTICAL ANALYSIS

Descriptive statistics was used such as mean, standard deviation
and percentage and comparison between two methods were
performed by using unpaired t-test. A p-value <0.5 was considered
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as significant. The test of significance used was t-test. Data analysis
was performed by suing the statistical software Statistical Package
for Social Sciences (SPSS) version 20.0.

RESULTS

The mean values of the nickel concentration of as-received pellets
were 70.42%, 72.91%, and 66.07% for the brand |, Il, and Il
respectively and Ni concentrations given by manufacturer were
72.8%, 74.7%, and 65% of brands |, II, and lll, respectively. These
observations indicate, there was no difference between estimated
elemental levels by XRF and composition given by the manufacturer
[Table/Fig-6]. These results clearly show that the metal composition
given by the manufacturer was nearly the same as estimated in this
study from as received pellets by using XRF.

For acetylene-oxygen flame torch casting method, nickel levels were
significantly decreased (-2.01% to -5.14%) from all three brands as
compared to the elemental composition of the as-received pellets.
Chromium concentration of brand | (-34.22%), brand Il (-29.51%)
and brand Il (-7.35%) were significantly decreased. Molybdenum
levels were significantly decreased (-19.32% to -96.33%), for all
three brands as compared to the elemental composition of the as
received pellets [Table/Fig-7,8].

Metals present in crowns fabricated from Ni-Cr alloys by induction
casting method were measured by using an XRF machine. Nickel
levels were significantly decreased (-3.39% to -4.22%) (-2.01%
to -5.14%), from all three brands as compared to the elemental
composition of the as-received pellets. Chromium concentrations
were significantly decreased (-7.35% to -29.51%) from all three
brands as compared to the elemental composition of the as-
received pellets. Molybdenum levels were significantly decreased
(-15.70% to -95.94%), from all three brands as compared to the
elemental composition of the as-received pellets [Table/Fig-9,10].

Elemental composition present in crowns fabricated from Ni-Cr alloys
by gas torch centrifugal casting method were measured by using
an XRF machine and compared to induction casting method. All
the constituent elements present were reduced but not significantly,
except for nickel in brand Il fabricated by induction casting method.
The test of significance used was t-test [Table/Fig-11].

Cobalt level was not detected in all three brands of fabricated
crowns by XRF by either of the casting methods. These observations
indicate that the elemental composition of the fabricated crowns
decreased as compared to that of as-received crowns, which could
be due to the burnout of some amount of elements during casting.

DISCUSSION

Commonly used casting methods are acetylene-oxygen flame
casting and induction casting [15]. In the present study, the wax
patterns were invested and cast by using acetylene-oxygen flame
and induction casting techniques. The elemental compositions of
the fabricated crowns of three different brands were compared to
their respective as-received pellets.

Composition of Composition Composition of Composition of Composition of Composition of
Brand | alloy given of Brand | alloy Brand Il alloy given Brand Il alloy Brand Il alloy given Brand Il alloy
Elements by manufacturer recorded by XRF by manufacturer | recorded by XRF (Mean+SD) by manufacturer recorded by XRF (Mean+SD)
70.42+0.58 72.91+0.67 66.07+1.07
Nickel 72.8% 74.7% 65%
(69.5-71.1) (72.12-73.79) (64.45-67.20)
4.88+0.14 4.71+0.39 20.39+2.06
Chromium 4.9% 4.8% 22.5%
(4.74-5.12) (4.31-5.42) (17.15-22.74)
0.86+0.31 0.80+0.43 0.07+0.03
Cobalt - - ~
(0.3-1) 0.3-1) (0.04-0.14)
1.48+0.04 1.09+0.08 8.28+0.79
Molybdenum - - 9.5%
(1.43-1.55) (1.01-1.23) (7.21-9.23)

[Table/Fig-6]: Estimation of metals present in as-received pellets of different dental casting alloy as compared with the compositions given by the manufacturer.

Figure indicate mean+SD values and range of values shown in Parentheses
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Composition of Composition of Composition of Composition of Composition of Composition of
Brand | pellet elements in fabricated Brand Il pellet elements in fabricated Brand Il pellet elements in fabricated
Elements recorded by XRF crown from Brand | recorded by XRF crown from Brand Il recorded by XRF crown from Brand Ill
70.42+0.58 68.92+1.08"** 72.91+0.67 69.16+2.00"* 66.07+1.07 64.74+£1.19%
Ni (%) (69.5-71.1) (67.04-70.34) (72.12-73.79) (65.39-71.81) (64.45-67.20) (63.12-66.79)
p-value <0.0001 p-value <0.0001 p-value <0.0091
4.88+0.14 3.57+1.62** 4.71+£0.39 3.32+1.34** 20.39+2.06 18.89+1.55*
Cr (%) (4.74-5.12) (1.33-4.90) (4.31 -5.42) (1.33-4.38) (17.15-22.74) (17.08-20.74)
p-value <0.0002 p-value <0.0008 p-value <0.0463
0.86+0.31 0.80+0.43 0.07+0.03
Co (%) BDL BDL BDL
(0.3-1) (0.3-1) (0.04-0.14)
1.48+0.04 0.06+0.03*** 1.09+0.08 0.05+0.02*** 8.28+0.79 6.98+0.48*
Mo (%) (1.43-1.55) (0.04-0.13) (1.01-1.23) (0.03-0.13) (7.21-9.23) (6.23-7.87)
p-value <0.0001 p-value <0.0001 p-value <0.0005

[Table/Fig-7]: Estimation of metals from dental casting alloy after fabrication of crown by acetylene-oxygen flame torch casting as compared to the composition of the alloys
in the As- received pellets recorded by XRF.

Figure indicate mean+SD values and range of values shown in Parentheses

Significance level as compared elemental composition of the respective alloy recorded ***p<0.0001,**p<0.001,*p<0,05, not significant using unpaired t-test
BDL: Below detection limit was <01 pg

The composition of the as-received alloys are altered with the casting
procedure is reported in the literature [19]. Also, other studies observed
that the method of casting alters the elemental composition [19,20].

The XRF spectroscope is an analytical instrument used to quantify all

aBrand I metals composition from various materials. It is used to detect elemental
uBrand II composition in the paint industry, soil testing, steel industries, etc [14].
#Brand IIT

The scientist Cole introduced the acetylene-oxygen flame method
and Taggart and Jameson introduced the induction casting method
for casting metal crowns and both methods are regularly used in all
dental laboratories [21]. The mechanical performance of base and
noble metal casting alloys differ on which casting machine is used as
reported in earlier studies [Table/Fig-12] [6,19,21-30]. The induction
method for casting metal alloys is better than the acetylene-oxygen
flame method since cooling is quicker due to more molten metal-

-95.94

-95.41

[Table/Fig-8]: Percentage change of nickel, chromium, cobalt and molybdenum

from fabricated crowns of three brands of Ni-Cr alloys by gas flame torch castings
as compared to elemental composition of as-received pallets.

Composition of Composition of Composition of Composition of Composition of Composition of
Brand | pellet elements in fabricated Brand Il pellet elements in fabricated Brand Il pellet elements in fabricated
Elements recorded by XRF crown from Brand | recorded by XRF crown from Brand Il recorded by XRF crown from Brand Il
70.42+0.58 68.03+1.43"** 72.91+0.67 70.18+2.26™* 66.07+1.07 63.28+1.19"*
Ni (%) (69.5-71.1) (65.89-70.57) (72.12-73.79) (67.8-74.6) (64.45-67.20) (60.12-66.79)
p-value <0.0001 p-value <0.0081 p-value <0.0001
4.88+0.14 3.21+1.62** 4.71+£0.39 3.12+1.32** 20.39+2.06 18.73+1.47*
Cr (%) (4.74-512) (1.38-5.31) (4.31-5.42) (1.36-4.36) (17.15-22.74) (17.32-20.65)
p-value <0.0005 p-value <0.0077 p-value <0.0427
0.86+0.31 0.80+0.43 0.07+0.03
Co (%) BDL BDL BDL
(0.3-1) (0.3-1) (0.04-0.14)
1.48+0.04 0.05+0.03*** 1.09+0.08 0.04+0.03*** 8.28+0.79 6.68+0.54**
Mo (%) (1.43-1.55) (0.03-0.13) (1.01-1.28) (0.01-0.13) (7.21-9.23) (6.21-7.87)
p-value <0.0001 p-value <0.0001 p-value <0.0001

[Table/Fig-9]: Estimation of metals from dental casting alloy after fabrication of crown by induction casting as compared to the composition of the alloys in the as-received
pellets recorded by XRF.

Figure indicate mean+SD values and range of values shown in Parentheses
Significance level as compared to elemental composition of the respective as-received pellet recorded ***p<0.0001,**p<0.001,*p<0,05,® not significant using unpaired t-test
BDL: Below detection limit was <1 pg

investment contact in areas of high pressure [31] and these results
shorten the solidification process and decrease grain size [32].
Overheating of the alloy may occur while using acetylene-oxygen
flame casting. It may also result in increased surface roughness with
the use of oxidising zone of the flame at lower temperatures and an
environment rich in oxygen [33].

Similar results are reported in the literature by Thompson GA et
al., they analysed 120 castability patterns by using centrifugal
casting and inductively heated casting and evaluated specimen
for casting completeness, porosity, chemical composition, Vickers
microhardness, and grain analysis of microstructure and found the

[Table/Fig-10]: Percentage change of nickel, chromium, cobalt and molybdenum
from crowns fabricated from Brands of Ni-Cr alloys by induction castings as
compared to the elemental composition of the as-received pellets.
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Elements Induction casting Centrifugal casting Mean difference t-value p-value
Comparison of Brand | DCA between induction casting and centrifugal casting methods

Nickel 68.03+1.43 68.92+1.19 0.89 1.51 0.15
Chromium 3.21+1.63 3.57+1.22 0.36 0.57 0.58
Cobalt BDL BDL

Molybdenum 0.06+0.04 0.07+0.03 0.012 0.76 0.45
Comparison of Brand Il DCA between induction casting and centrifugal casting methods

Nickel 70.18+2.26 69.17+1.84 1.02 1.10 0.28
Chromium 3.13+1.52 3.32+0.97 0.19 0.34 0.74
Cobalt BDL BLD

Molybdenum 0.046+0.03 0.06+0.03 0.009 0.64 0.53
Comparison of Brand 1l DCA between induction casting and centrifugal casting methods

Nickel 63.29+0.86 64.75+1.01 1.46 3.47 0.003
Chromium 18.74+1.42 18.89+1.07 0.16 0.28 0.78
Cobalt BDL BDL

Molybdenum 6.69+0.55 6.98+0.63 0.29 1.1 0.28

[Table/Fig-11]: Estimation of metals from dental casting alloys after fabrication of crown by acetyelene-oxygen flame torch casting as compared to induction casting among

three different brands.

Figure indicates mean+SD values. Significance level compared using unpaired t-test; BDL: Below detection limit was <01 pg

Author and year Place of
of publication study Study hypothesis Research finding
With both casting methods, the differences between the casts
Bethesda To evaluate centrifugal casting and vacuum-pressure casting and the castings were significant, but no significant differences

Shanley JJ et al.,

Great Lakes

techniques for casting accuracy on removable partial denture

were found between castings produced by the two techniques.

[21], (1981) Ml frameworks. Vertical measurements at three designated points also showed no
significant differences between the castings.
. ) The effect of the type of casting machmle (centrifugal, vacuum- The tensile strength of both the study groups of Ni-Cr alloys were
Tajima K et al., Kitakyusku, pressure, suction-pressure) on the tensile strength of nine ) . - '
o : greatly influenced by the casting machine used, but did not that of
[22], (1986) Japan commercial Ni-Cr alloys for crown and bridge and for ceramo-metal .
. ) the precious alloys group.
restoration, and of two precious alloys.
(1) Determine the in-vitro kinetic patterns of release of elements from | The present study demonstrated that the quantity of released
several types of dental casting alloys which are used commercially, elements were altered by the cleaning treatment and the
Wataha JC et Ann Arbor, (2) determine the effects of an alloy-cleaning procedure on the percentages of the elements at the surfaces of several dental
al., [23], (1992) Michigan release of elements, and casting alloys, but did not change the kinetics of the release of the
(3) correlate the rate of release of elements with auger surface elements. The kinetic patterns of release for each element seemed
analyses of the alloys. to depend upon both the element and the alloy composition.
Wataha JC and Ann Arbor To relate the release of elements from alloys to their surface The surface concentration of noble elements is vital in preventing
Malcolm CT, L ’ composition, and to determine the depth of the effect of the the release of non noble elements from these alloys, and the surface
Michigan : o ) )
[24], (1996) medium. composition appeared to be only one or two atomic layers thick.
The purpose of this investigation was, therefore, to examine the Titanium was hard to polish. and probably requires special
Hirata T et al., Osaka, polishing behaviour of Ti and Ag+Pd+Cuz+ Au alloy with commercial P ’ probabl req P
) . ) . . care (e.g. frequent exchange ofabrasives). Development of new
[25], (2001) Japan dental abrasives driven by a speed-adjustable high torque micro ) ST
; abrasives for polishing titanium is needed.
motor engine.
The surface roughness of two base metal alloys, NiCr and CoCr, The base metal alloys used under vacuum casting showed
Bezzon O et al., . submitted to different casting techniques, and the influence on the Y - ) 9
Brazil reduced surface roughness, similar to that of Ti, compared to base

[6], (2004)

loss of mass after polishing, as compared to commercially pure
titanium castings.

metal alloys submitted to acetylene oxygen flame casting.

Bauer JR et al.,

University of

To evaluate the Vickers microhardness of three Ni-Cr alloys with

The microhardness of the alloys is dependent on the composition and
method of casting. The hardness of the Ni-Cr alloys was higher when

[26], (2006) Sao Paulo different compositions under different casting conditions. they were cast with the induction/air and fiame/air torch methods.
Reddy SE et al., Dharwad, To evaluate the effect of f|n|§h|ng and pol|§h|ng agents on gun‘ace Surface roughness of the cast CpTi specimens that were finished
Karnataka, roughness of cast commercially pure titanium using Scanning ’ )
[27], (2007) . . . and polished for Ti was less.
India Electron Microscope (SEM) analysis.
Ayad MF, [19] To characterise the elemental composition of an as-received and High noble alloy elements retained their passivity under
(2%08) ! ! Tanta, Egypt | recast high noble alloy and to examine the in vitro corrosion behaviour | electrochemical conditions that are similar to the oral environment

in two media, using a potentiodynamic polarisation technique.

in all casting protocols evaluated.

Reclaru L, et al.,

To evaluate their corrosion resistance (generalised, crevice and

No direct relationship was found between the in-vitro biological
evaluation tests and the physicochemical characterisation of the

28], (2012) Switzertand | pitting corrosion) in artficial saliva and the quantities of cations studied alloys. Clinical and epidemiclogical studies are required to
released in particular Ni and Cr in relation with their microstructure. X
clarify these aspects.
Thompson GA et | Milwaukee, The castability of a dental alloy and the microhardness of a casting product | There was no change in bulk composition of the casted alloy by two
al., [29], (2013) West Indies | are not affected by the choice of either alloy type or casting protocol. casting techniques, but rather a change in surface composition.
To compare the castability of Ni-Cr, NPG and Co-Cr alloys, using The castability value of three different alloys tested in the study
Elham A et al., ) . . . ) - ) . . B )
[30], (2021) Shiraz, Iran torch/centrifugal casting machine and induction/vacuum-pressure | was not influenced by using torch/centrifugal or induction/vacuum-
’ casting machine. pressure casting machines.
To assess the composition of three base metal alloys, submitted The metal compositions were significantly reduced in fabricated
Present stud Karad, to different casting techniques (acetylene flame gas torch and crowns as compared to as-received pellets in all the three different
Y Maharashtra | induction), to determine the influence of casting methods on brands. Both methods of casting altered the elemental composition
2022 . " ) ! )
India composition after casting and compared to the as-received metal of the alloy. The acetylene-oxygen flame gas torch casting caused

pellet.

[Table/Fig-12]: List of previous literature related to different casting methods [6,19,21-30].

more elemental reduction compared to induction casting method.
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different surface composition of the same alloy cast by induction
and centrifugal methods. This study clearly indicates that the metal
composition of casting alloys and as-received pellet is different [29].

In this study we have measured heavy metal composition from
fabricated crowns prepared by the two techniques such as centrifugal
casting and inductively heated casting, however, in an earlier study
done by Bezzon O et al., assessed the surface roughness of two
different base metal alloys that were submitted to different casting
techniques, and analysed the influence of surface roughness on the
loss of mass after polishing and concluded that decreased surface
roughness were observed in the base metal alloys fabricated from
vacuum casting as compared to base metal alloys fabricated with
acetylene-oxygen flame casting. There were no significant differences
in loss of mass after polishing for all tested specimens [6].

From the previous reports and present results it can be speculated
that the metal compositions are significantly reduced in fabricated
crowns as compared to as-received pellets, maybe due to loss of
some elements during fabrication process. Also, these results show
the metal composition of the fabricated crown is different though
not statistically significant in acetylene-oxygen flame and induction
casting methods. The selection of dental casting alloy for clinical
use should be based on the composition of the alloy as it is the
deciding factor in the release of elements into the body fluids.

Limitation(s)
The limitation of the present study is that the repeatability of the data
could not be investigated.

CONCLUSION(S)

On the basis of the findings and within the limitations of this in-vitro
study, composition of three base metal alloys were assessed after
submitting to different casting techniques and it may be concluded
that a small amount of cobalt and molybdenum was detected in
the as-received pellet though not mentioned by the manufacturer
except for brand Ill alloys (Mo-1%). Also the metal compositions
were significantly reduced in fabricated crowns as compared to as-
received pellets in all the three different brands. Both methods of
casting altered the elemental composition of the alloy. The acetylene-
oxygen flame gas torch casting caused more elemental reduction
compared to induction casting. Further studies are needed on the
different methods of casting and milling.

REFERENCES

[1] Roach M. Base metal alloys used for dental restorations and implants. Dent Clin
N Am. 2007;51:603-27.

[2] Lanier BR, Rudd KD, Strunk RR. Making chromium-cobalt removable partial
dentures: A modified technique. J Prosthet Dent. 1971;25:197-205.

[38] Taylor DF, Leibfritz WA, Adler AG. Physical properties of chromium cobalt dental
alloys. J Am Dent Assoc. 1958;56:343-51.

[4] Lane JR. A survey of dental alloys. J Am Dent Assoc. 1949;39:414-37.

[5] Taylor DF, Sweeney WT. Proposed specification for dental chromium cobalt
casting alloys. J Am Dent Assoc. 1957;54:44-48.

[6] Bezzon O, Pedrazzi H, Zaniquelli O, Bose T. Effect of casting technique on surface
roughness and consequent mass loss after polishing of NiCr and CoCr base metal
alloys: A comparative study with titanium. J Prosthet Dent. 2004;92:274-77.

[7]
[8]

[9]

[10]

1l

n2]

[13]

[14]

18]

[16]
[17]

[18]
9]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

Shubha Joshi et al., Effects of Casting Methods over the Composition Stability of the Dental Casting Alloy

Cunningham DM. Comparison of base metal alloys and type IV gold alloys for
removable partial denture frameworks. Dent Clin North Am. 1973;17:719-22.
Dharmar S, Rathnasamy RJ, Swaminathan TN. Radiographic and metallographic
evaluation of porosity defects grain structure of cast chromium cobalt removable
partial dentures. J Prosthet Dent. 1993;69:369-73.

Bollen CM, Lambrechts P, Quirynen M. Comparison of surface roughness of oral
hard materials to the threshold surface roughness for bacterial plaque retention:
A review of the literature. Dent Mater. 1997;13:258-69.

Sen D, Goller G, Issever H. The effect of two polishing pastes on the surface
roughness of bis-acryl composite and methacrylate-based resins. J Prosthet
Dent. 2002;88:527-32.

Milherio A, Muris J, Kleverlaan C, Feilzer A. Influnce of shape and finishing on the
corrosion of palladium based dental alloy. J Adv Prosthodont. 2015;7:56-61.
Viennot S, Lissac M, Malquarti G, Dalard F, Grosgogeat B. Influence of casting
procedures on the corrosion resistance of clinical dental alloys containing
palladium. Acta Biomater. 2006;2:321-30.

Jitendra Rao. Elemental release from dental casting alloys by Atomic Absorption
Spectrophotometer (AAS) in variable conditions of oral cavity: In-vitro study [JSR.
2017;6:45-47.

Kalnicky DJ, Singhvi R. Field portable XRF analysis of environmental sample.
Journal of Hasardous Materials. 2001;83:93-122.

Dental laboratory procedures: Fixed partial dentures, vol 2| John E. Rhoads,
DDS, Kenneth D. Rudd, DDS, and Robert M. Morrow, DDS, St. Louis, 1986, The
CV Mosby Co. Dental casting. 233-257.

Rosenstiel SF, Land MF, Fujimoto J. Contemporary fixed prosthodontics. 4" edn.
St. Louis: Mosby; 2006. Chapter 22, 601-623.

Shillingburg HT, Hobo S, Whitsett LD, Jacobi R, Brackett SE. Fundamentals of
fixed prosthodontics. Quintessence Publishing Company; 1997.
https://www.calculatorsoup.com/calculators/algebra/percent-change-calculator.php.
Ayad MF. Compositional stability and marginal accuracy of complete cast
crowns made with as-received and recast type Il gold alloy. J Prosthet Dent.
2002;87:162-66.

Ayad MF, Vermilyea SG, Rosenstiel SF. Corrosion behavior of as-received and
previously cast high noble alloy. J Prosthet Dent. 2008;100:34-40.

Shanley JJ, Ancowitz SJ, Fenster RK, Pelleu GB Jr. A comparative study of the
torch/centrifugal and vacuum-pressure techniques of casting removable partial
denture frameworks. J Prosthet Dent. 1981;45:18-23.

Tajima K, Kakigawa H, Kozono Y, Hayashi I. Effect of casting machine on
nickelchromium alloy castings for fixed prosthesis. Part 1. Change in tensile
strength. Dent Mater J. 1986;5:91-98.

Wataha JC, Craig RG, Hanks CT. The effects of cleaning on the kinetics of in vitro
metal release from dental casting alloys. J Dent Res. 1992;71:1417-22.

Wataha JC, Malcolm CT. Effect of alloy surface composition on release of
elements from dental casting alloys. J Oral Rehabil. 1996;23:583-89.

Hirata T, Nakamura T, Takashima F, Maruyama T, Taira M. Takahashi studies on
polishing of Ti and Ag+Pd+Cu+Au alloy with five dental abrasives. J Oral Rehabil.
2001;773-77.

Bauer JR, Loguercio AD, Reis A, Rodrigues Filho LE. Microhardness of Ni-Cr
alloys under different casting conditions. Braz Oral Res. 2006;20:40-46.

Reddy SE, Patil NP, Guttal SS, Jagadish HG. Effect of different finishing and
polishing agents on the surface roughness of cast pure titanium. J Prosthodont.
2007;16:263-68.

Reclaru L, Unger RE, Kirkpatrick CJ, Susz C, Eschler PY, Zuercher MH, et al. Ni-
Cr based dental alloys; Ni release, corrosion and biological evaluation. Mater Sci
Eng C Mater Biol Appl. 2012;32(6):1452-60. Doi: 10.1016/j.msec.2012.04.025.
Thompson GA, Luo Q, Hefti A. Analysis of four dental alloys following torch/
centrifugal and induction/vacuum-pressure casting procedures. J Prosthet Dent.
2013;110:471-80.

Elham A, Mitra F, Arghavan ZP, Masumeh T, Razieh Z. Comparing castability of
nickel-chromium, cobalt-chromium, and non-precious gold color alloys, using
two different casting techniques. J Dent Shiraz Univ Med Sci. 2022;23(1):07-12.
Vaidyanathan TK, Prasad A. In vitro corrosion and tarnish characterization of
typical dental gold compositions. J Biomed Mater Res. 1981;15:191-01.

Ady AB. Effect of solidification time on the microstructure and physical properties
of dental gold casting alloys. J Dent Res. 1966;45:921-26.

Phillips RW. Skinner’s science of dental materials. 9" ed. Philadelphia: Saunders;
1991:431-37.

PARTICULARS OF CONTRIBUTORS:

1. Reader, Department of Prosthodontics, School of Dental Sciences, KIMSDU, Karad, Maharashtra, India.
2. Professor and Head, Department of Prosthodontics, School of Dental Sciences, KIMSDU, Karad, Maharastra, India.
3. Associate Professor, Department of Biochemistry, KIMSDU, Karad, Maharashtra, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Shubha Joshi,

SDS, Room No. 11, KIMSDU, Karad, Maharashtra, India.

E-mail: drkamnoorshubha@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:
® Was Ethics Committee Approval obtained for this study? Yes

* Was informed consent obtained from the subjects involved in the study? NA
L]

None

For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2022 Aug, Vol-16(8): ZC16-ZC21

PLAGIARISM CHECKING METHODS: en*etall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Mar 17, 2022
* Manual Googling: May 26, 2022
e iThenticate Software: Jun 01, 2022 (25%)

NA

Date of Submission: Mar 12, 2022
Date of Peer Review: Mar 31, 2022
Date of Acceptance: Jun 02, 2022

Date of Publishing: Aug 01, 2022


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

