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Abstract: The objective of this research work is to investigate the dimensional accuracy of partial dentures prepared 
by conventional induction casting. Final dentures were prepared by using nickel- chromium (Ni-Cr) based alloys. 
The other selected input parameters were powder to water ratio (P/W) and pH value of water used for mixing the 
investment. The results of study highlight that partial denture casted at best settings of input parameters (i.e. 
P/W ratio 100/15, pH-3 value of water with 70% of Ni in NiCr alloy) gives better results for dimensional accuracy. 
The results of the study will help to estimate the allowance required in initial stage of making wax pattern (as 
master) for partial denture with minimum dimensional deviations.
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and is held in place with metal clasps or supports. 
Dental implants are the latest tooth-replacement 
technology [5]. Modern technology has offered 
significant advances in the materials used to make 
artificial teeth and enhanced strategies for pinning 
them in the mouth. Synthetic plastic resins and 
lightweight metal alloys have made teeth more 
imperishable and natural looking [6] Better design 
has resulted in dentures that provide more agreeable 
and effective chewing. In the 1980s technology was 
developed to create the next generation of dentures, 
which are permanently anchored to the bones in the 
jaw. These new dentures, known as dental implants, 
are prepared by specialized dentists called denturists 
[7]. The production of metallic restorations in the 
dental laboratory has conventionally been carried 
out by the lost wax casting technique. Dental 
casting alloys can be divided into noble alloys and 
base metal alloys such as nickel-chromium (Ni-Cr) 
and cobalt-chromium (Co-Cr) alloys. Both Ni-Cr 
and Co-Cr alloys may be used for metal ceramic 
restorations [8]. From the review of literature, it has 
been observed that powder to water (P/W) ratio, pH 
value of water and Nickel Chromium based alloys 
are the main factors that affects the dimensional 

IntroDuctIon1. 

Dentures, or false teeth, are fixed or removable 
replacements for teeth. Tooth substitution noticeably 
necessary when the tooth and its foundation have 
been unrecoverable damaged, and the tooth has 
been lost or must be withdraw. Dentists have long 
realized that a missing changeless tooth ought 
to dependably be supplanted or else the teeth on 
either side of the space continuously tilt toward the 
gap, and the teeth in the inverse jaw starts to move 
toward the space. [1].

There are a few standard types of tooth 
substitution in present day dentistry. A full denture 
is made to re-establish both the teeth and the hidden 
bone when all the teeth are missing in an arch 
[2]. A smaller version is the fixed partial denture, 
also known as a fixed bridge, which can be used 
if normally healthy teeth are present adjacent to 
the space where the tooth or teeth have been lost 
[3]. The partial is secured to the adjacent teeth by 
attachment to crowns, or caps, that are affixed to 
the healthy teeth. A removable partial denture is 
used to supplant multiple lost teeth when there are 
inadequate natural teeth to support a fixed bridge 
[4]. This device rests on the soft tissues of the jaws, 
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accuracy on partial denture made by conventional 
method significantly. Lot of research work has been 
done to improve the dimensional accuracy on partial 
denture by optimizing the input parameters [9-22]. 
But hitherto, no research has been reported to 
improve the dimensional accuracy on partial denture 
by implementing the above three techniques. In the 
present work, efforts have been made to improve the 
dimensional accuracy of partial denture castings 
by optimizing the input parameters followed by 
conventional method using DOE. The primary 
aim of this research work was to investigate the 
conditions that prompt the creation of NiCr based 
partial denture castings with optimum dimensional 
accuracy in terms of average dimension deviations 
(Δd) value, but with least cost and time.

methoDology anD 2. 
exPerImentatIon

In this work, bio-medical implant (dental crown) 
as shown in Figure 1 has been selected as the 
benchmark component. This research work has 
been divided into 12 stages formally as shown in 
Figure 2. Following steps are involved in making 
partial denture.

 1. Manufacturing process begins with a 
preliminary impression of the patient’s 
mouth teeth. This impression is used to 
prepare a diagnostic cast.

 2. Once an appropriate preliminary cast/
impression has been obtained, the final cast 
(teeth mold) is cast from gypsum, a stone-
like product.

 3. Wax pattern making which is usually done 
with conventional method .

 4. Tree formation is done prior to filling the 
investment in the crucible.

 5. Then investment (mixture of siladent and 
water) is poured around the pattern tree.

 6. Investment is ready for poring the metal 
into cavity.

 7. Baking the investment in Muffle Furnace 
for 1-2 hours at 900°C.

 8. Figure 10 shows the Induction casting setup 
used for casting of dentures with NiCr based 
alloy.

 9. Figure 11 and 12 shows the final casting of 
denture.

figure 1: benchmark component

Based on pilot experimentation, improvement 
in all output parameters has been observed with 
different input parameter. The levels selected for 
various parameters for the two stages have been 
shown in Table 1. All specimens were casted with 
different input parameters one is P/W ratio (100/12, 
100/15, 100/18) second is pH value of water (pH-3, 
pH-7, pH-10) and third is Ni % (62%, 65%, 70%) 
in NiCr alloy for final casting of partial dentures. 
The dimensional deviation (Δd value) of one critical 
dimension 10.70mm as shown in Figure 1 has been 
measured by Mitutoyo digital Vernier Calliper as 
output.

table 1 
Input Parameters for experimentation

Input Parameters

Factor Symbol
Levels

1 2 3

P/W ratio A 100/12 100/15 100/18

pH value of water B pH-3 pH-7 pH-10

Ni % C 62% 65% 70%

DOE technique has been used to optimize 
process and product design, based on comprehensive 
experimental. In this study number of three input 
parameter along with output (dimensional accuracy) 
has been observed. We set L9 table in which three 
input parameter of casting (P/W) ratio, pH value of 
water and Nickel%) have been performed. These 
particular levels were selected, because dimensional 
deviation of master pattern was minimum at these 
parametric settings and after different observation 
we found the required results. Flowchart of whole 
process is shown in Figure 2.
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figure 2: steps involved in making partial denture

results anD DIscussIon3. 

L9 orthogonal array along with the result of partial 
denture castings has been shown in Table 2. It has 
been observed that partial denture casted with the 
optimum values of P/W ratio 100/15, pH-3 value 
of water with 70% of Ni in NiCr alloy gives better 
results for dimensional accuracy as compare to other 
parts.

table 2 
l9 orthogonal array with collected Data from 

Partial Denture castings

S. 
No.

P/W 
ratio

pH value 
of water Ni % Average 

Δd (mm)
S/N Ratio 

(dB)

1 100/12 pH-3 62% 0.10 20.00

2 100/12 pH-7 65% 0.01 40.00

3 100/12 pH-10 70% 0.09 20.91

4 100/15 pH-3 65% 0.13 17.72

5 100/15 pH-7 70% 0.12 18.41

6 100/15 pH-10 62% 0.15 16.47

7 100/18 pH-3 70% 0.14 17.07

8 100/18 pH-7 62% 0.02 33.97

9 100/18 pH-10 65% 0.11 19.17

Figure 3 shows the main effect plot for mean 
S/N ratio of various factors of casting process. From 

Figure 3, lower variation in dimensional accuracy 
after Induction casting process has observed for 
specimen casted with P/W ratio of 100/15, pH-3 
value of water with 70% of Ni in NiCr alloy. Here it 
should be noticed that Ni percentage in NiCr alloy 
of Induction casting has good effect on dimensional 
accuracy.

figure 3: main effects plot for mean s/n ratio

oPtImIZatIon & confIrmatIon 4. 
exPerIments

On collected data, DOE has been performed for 
testing and analysing the results which helps in 
predicting the significance of each input factor and 
the percentage contribution of each factor on the 
desired response. It shows that as the contribution 
is made at higher percentage than the effect of input 
will also be more on output. The optimized input 
parameters for Partial Denture suggested are shown 
in Table 3.

table 3 
constraints and optimum values suggested by the 

software for castings

Optimum values

P/W ratio pH value of water Ni %

100/15 pH-3 70%

conclusIons5. 

In this research work, the effect of selected input 
parameters of casting process on the dimensional 
accuracy has been investigated.

The conditions of optimum dimensional accuracy 
are 100/15 P/W ratio, pH-3 value of water and 
70% Ni in NiCr alloy. The dimensional accuracy of 
castings prepared are as accurate as in traditional 
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casting techniques, and hence, they can be used as 
end-products for dental purposes.
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