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Abstract-

Background: There are several factors affecting the adaptability of prosthesis. These factors include
nature of the acrylic resin used in denture fabrication, type of the curing cycle used and the process of
water uptake. Type of procedure employed for cooling of the flasks during the acrylization process is
another vital factor in the preservation of precision of dimensions of the dentures. Prolonged cooling
helps in reducing the lingering interior stress in the flasks developed due to heat activated process. As a
result there is minimum damage to the denture while deflasking.

Aim: This study was conducted with an ambition to analyse the effect of various methods of cooling over
the adaptation of denture base of 2 fast setting heat activated polymethyl methacrylate denture base
materials easily available in market using three dimensional superimposition technique.
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Materials and Methods: Sixty stone models were prepared. Type IV dental stone was used for pouring of
the duplication mould. These sixty study models were divided into five categories X1, X2, X3, X4, X5 with
each category consisting of 12 study models according to the method of cooling and material used. A
pattern of wax was prepared througout the cast of reference. Then there was superimposition of STL file
of every intaglio surface of the denture base with the corresponding STL file of the master cast. This was
carried out to analyse the degree of of adaptation of denture base in each specimen. Four anatomical
landmarks were choosen for matching in the superimposition of denture base scanned image over the
master cast scanned image

Results: Broad area of green colour in the palate was observed in the specimens of X1, X2 and X3
categories. Specimens belonging to X4 and X5 categories showed greater red coloured areas at the
location of post dam area and palate area. On the basis of statistical analysis it was found that there were
no statistical significant differences between group X1 and X2 specimens. It reflected that there was
similarity in the accuracy of both X1 specimens and X2 specimens. It was also observed that differences
were statistically significant between specimens of X2 category and X3 category. Besides there was a
significant difference between X2 and X5 specimens.

Conclusion: From these results it was inferred that specimens which underwent bench cooling showed
better dimensional accuracy in comparison with the rapidly cooling techniques used in the study.

Key words- Polymethyl methacrylate, cooling methods, denture base adaptation, three-dimensional
superimposition technique.
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INTRODUCTION

The introduction of polymethyl methacrylate in field of prosthodontics took place in year 1937 with a purpose of
preparing removable dentures. It had some important features making it material of choice for acrylization of
removable dentures. These features were reduced cost, proper mechanical power, and encouraging working properties.
In recent times significant research is being carried out over this acrylic material to decrease time in preparation and
insertion of removable dentures. "*There has been introduction of fast twenty minute heat activated polymethy
methacrylate recently. Since then several research have been carried out to give an indication that dimensional
differences between fast twenty minute heat activation cycle and the conservative extended heat activation cycle.’*
Some of the vital outcomes of adequately adapted prosthesis include improved comfort to patients, better chewing
competence and inhibition of hyperplastic pathologies. There are several factors affecting the adaptability of prosthesis.
These factors include nature of the acrylic resin used in denture fabrication, type of the curing cycle used and the

process of water uptake.>

Type of procedure employed for cooling of the flasks during the acrylization process is
another vital factor in the preservation of accurateness of dimensions of the dentures. Prolonged cooling helps in
reducing the lingering interior stress in the flasks developed due to heat activated process. As a result there is minimum
damage to the denture while deflasking. However, the process of traditional cooling method is time taking process
making it unsuitable for emergency conditions, community health programmes in villages, and older patients where
main focus is reduced denture insertion time.”®

Therefore, need of the hour is to evaluate the condition of establishment of adequate dimensional accuracy with good
adapration of denture base using cooling of shorter duration. Several methods have been established to study the role
of shorter cooling curing cycle in the dimensional accuracy of the denture base material in fabrication of prosthesis.
These methods are quantification of space through silicone weight and linear extent between 2 points.  However,
lot of time is consumed in these methods.”!® These methods are also subjected to error by operator because they are

technique sensitive methods. Nowadays three-dimensional superimposition techniques has been introduced. These
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methods are believed to more dlinically relevant to assess adaptation of denture base as well as adjustment of fixed
prosthesis.'"!?

As per the knowledge of the authors there has been no study conducted till now to assess the role of various cooling
methods in adaptation of denture base using fast heat activated acrylic. This study was conducted with an ambition
to analyse the effect of various methods of cooling over the adaptation of denture base of 2 fast setting heat activated
polymethyl methacrylate denture base materials easily available in market using three dimensional superimposition

technique.

METHODS AND MATERIALS

Preparation of cast for reference and scanning procedure.

Once there was approval from ethical committee, research was started as in vitro study. Next step was the preparation
of a cast to be used as reference in this study. Class 1 type A edentulous maxillary cast as per the guidelines of the
American College of Prosthodontists was choosen as the reference cast model. Silicone based material was used for
duplication of the reference cast. Sixty stone models were prepared. Type [V dental stone was used for pouring of the
duplication mould. These sixty study models were divided into five categories X1, X2,X3,X4,X5 with each category
consisting of 12 study models according to the method of cooling and material used. (Tablel). Every cast of the study
was labelled properly. Each cast was left as such before scanning for twenty four hours for drying. Then there was
scanning and digitization of each cast was carried out with the help of 3 Shape E1 dental laboratory scanner.

Table 1: Types of procedure for cooling used in the study

Category Details about the method of cooling

X1 Thirty minutes process of bench cooling followed by twenty minutes of immersion in water bath at

room temperature of 23°C

X2 Process of bench cooling in anticipation of complete cooling

X3 Thirty minutes process of bench cooling followed by fifteen minutes of immersion in water bath at

room temperature of 23°C

X4 Five minutes process of bench cooling followed by five minutes treatment in flowing water.

X5 Five minutes immersion into water bath feeded with flowing water at room temperature.

Preparation of specimens of denture base

A pattern of wax was prepared throughout the cast of reference. The thickness of wax pattern was kept at 2.0
millimetre. In order to standardize thickness of wax pattern in all study specimens, a matrix of silicone was utilized to
replicate the specimens. Compression moulding technique was used for flasking of each specimen of the denture base.
Then there was curing based on heat. It was carried out in hot water tab. The temperature used for heat activation

process was 100°C while the duration was of twenty minutes.

Cooling process of the denture base & analysis in three dimensional plane

There were sixty study specimens. They were categorised in five categories on the basis of the cooling method employed
according to Table 1. After cooling of the specimens there was hydration in the distilled water. This hydration was
carried out before scanning process for duration of twenty four hours. Then the scanner was used to carry out scanning
of the intaglio side of every denture base specimen. In order to have similar position for scanning process silicone putty
was used. All specimens were kept in identitical position for scanning process. (STL) Standard Tessellation Language
format was used to save the data obtained after three dimensional scanning of the denture base specimens. Then the

data was transferred to well acclaimed software (3-matric, Belgium).
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All unrelated scanned sides were removed virtually. Then there was superimposition of STL file of every intaglio
surface of the denture base with the corresponding STL file of the master cast. This was carried out to analyse the
degree of of adaptation of denture base in each specimen. Four anatomical landmarks were chosen for matching in
the superimposition of denture base scanned image over the master cast scanned image. These landmarks were fovea
palatine, incisive papilla and buccal frenum. It was taken care that there was complete superimposition between the
complete tissue surfaces associated with denture base and the corresponding area in the master cast.

Differences in the dimensions of both denture base surface and the corresponding surface of the master cast were
evaluated. It was accompanied with generation of colour maps of surfaces. These colour maps helped in the qualitative
evaluation visually. Following parameters were used for assessment of the colour maps. If there is perfect adaptation
between the master cast and denture there colour map will appear as complete green and the measurement will be
zero. If there is change in colour from yellow to red then it corresponds to deviation with positive values. It will
indicate incomplete adaptation with gapping. If there is change in colour from cyan to blue then it corresponds to
deviation with negative values. It will specify compression of tissues. This indicates towards impingement of master

cast with the denture base. (Figure 1 and 2)

DE'NTURE BASE

MASTER STONE CAST

Figure 1: Representative figure of superimposition of scanned image of denture base over the master stone cast
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Figure 2: Representative photograph showing the colour maps reflecting the differences in the adaptability of

denture base and master cast.

Statistical analysis

All the data was collected and put in the MS excel sheet. Then statistical analysis was carried out with the SPSS software
of latest version. One way ANOVA, Turkey Hoc test, Chi square test and Bonferroni Hoc analysis were used in the
statistical analysis. RMS ( root mean square) values, mean, median and IQR ( Interquartile range) values were analysed.

P value <0.05 was kept as statistically significant.

RESULTS

Maps showing deviation in colours specifying the adaptation of denture base with the master cast of each group is
reflected in the figure 2. Broad area of green colour in the palate was observed in the specimens of X1, X2 and X3
categories. Specimens belonging to X4 and X5 categories showed greater red coloured areas at the location of post
dam area and palate area. When the deviations was measured between the scanned surface of master cast and scanned
surfaces of denture bases then the meanSD in category X1 was -0.004£0.008 mm, IQR in mm in X1 was 0.154mm,
median in X1 was 0.416 mm and RMSE in X1 was 0.426mm. The mean+SD in category X2 was 0.393+0.009 mm,
IQR in X2 was 0.137mm, median in X2 was 0.411 mm and RMSE in X1 was 0.291mm. The mean+SD in category
X3 was 0.403+0.011 mm, IQR in X3 was 0.146mm, median in X3 was 0.403 mm and RMSE in X3 was 0.403 mm.
The mean+SD in category X4 was 0.437+0.131 mm, IQR in X4 was 0.182mm, median in X4 was 0.414 mm and
RMSE in X4 was 0.403 mm. The mean + SD in category X5 was 0.414+0.008 mm, IQR in X5 was 0.169 mm,
median in X5 was 0.414 mm and RMSE in X5 was 0.423 mm.(Table 2). On the basis of statistical analysis it was
found that there were no statistical significant differences between group X1 and X2 specimens. It reflected that there
was similarity in the accuracy of both X1 specimens and X2 specimens. It was also observed that differences were
statistically significant between specimens of X2 category and X3 category. Besides there was significant difference
between X2 and X5 specimens. (Table 2)
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Table 2: Measurements of deviations of surface between scanned maxillary arch and scanned denture base

Mean Calculated Calculated IQR Calculated Median | Calculated RMSE
Mean+SD (mm) (mm) (mm) (mm)
X1 -0.004+0.008 0.154 0.416 0.426
X2 0.393+0.009 0.137 0.411 0.291
X3 0.403+0.011 0.146 0.403 0.403
X4 0.437£0.131 0.182 0.414 0.416*
X5 0.414+0.008 0.169 0.281 0.423*

From these results it was inferred that specimens which underwent bench cooling showed better dimensional accuracy

in comparison with the rapidly cooling techniques used in the study.

DISCUSSION

Enhanced patient comfort, improved chewing competency, and suppression of hyperplastic diseases are all important
results of well adapted prosthesis. The flexibility of a prosthesis is influenced by a number of factors. These variables
include the type of acrylic resin utilised in denture production, the curing cycle used, and the water uptake process.
Another important component in maintaining the accuracy of denture dimensions is the chilling mechanism used for
the flasks throughout the acrylization process.'>!*

Longer cooling reduces the lingering interior stress in the flasks that develops as a result of the heat triggered process.
As a result, the denture is only slightly damaged during the deflasking process. Traditional cooling methods, on the
other hand, are time-consuming, making them inappropriate for emergency situations, community health
programmes in villages, and senior patients whose primary goal is to shorten denture implantation time. In 1937,
polymethyl methacrylate was introduced into the realm of prosthodontics with the aim of preparing detachable
dentures."'®

It has some key characteristics that made it an excellent candidate for acrylization of detachable dentures. Reduced
cost, sufficient mechanical power, and stimulating operating properties were among these features. Significant research
has recently been conducted on this acrylic material in order to reduce the time required for the preparation and
insertion of removable dentures. Recently, a rapid twenty minute heat activated polymethy methacrylate was
introduced. Since then, a number of studies have been conducted to show that there are significant differences between
the quick twenty-minute hear activation cycle and the cautious protracted heat activation cycle.'”'®

According to the authors' knowledge, no study has been undertaken to date to evaluate the role of various cooling
methods in denture base adaption utilising quick heat activated acrylic. The goal of this study was to see how different
cooling procedures affected the adaption of two fast-setting heat-activated polymethyl methacrylate denture base
materials that are readily accessible on the market.'*?

In the X1, X2, and X3 categories, there was a broad area of green colour in the pallet. Specimens in the X4 and X5
groups have more red coloured regions in the post dam area and the palate area. According to statistical analysis, there
were no statistically significant differences between group X1 and group X2 specimens. It showed that the accuracy of
both X1 and X2 specimens was similar. It was also shown that there were statistically significant variations between
specimens from the X2 and X3 categories.

Aside from that, the X2 and X5 specimens differed significantly. From these findings, it was deduced that specimens
subjected to bench chilling had superior dimensional precision than those subjected to the study's quick cooling
techniques. Several approaches have been developed to investigate the impact of a shortened cooling curing period on
the dimensional accuracy of denture base material during prosthesis production. Quantification of space using silicone
weight and linear distance between two places are two of these ways. However, these approaches take a lot of time.
The technique of three-dimensional superimposition has recently been introduced. These methods are thought to be

more clinically useful for assessing denture base adaptation as well as fixed prosthesis modification. Virtually all
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unconnected scanned sides were eliminated. The STL file of each intaglio surface of the denture base was then
superimposed on the matching STL file of the master cast.*"** This was done to determine the degree of denture base
adaption in each specimen. In the superimposition of the denture base scanned picture over the master cast scanned
image, four anatomical landmarks were chosen for matching. The fovea palatine, incisive papilla, and buccal frenum
were the landmarks. It was made sure that the whole tissue surfaces associated with the denture base and the matching
area in the master cast were completely superimposed.Differences in the dimensions of the denture base surface and
the master cast's matching surface were measured. It was accompanied by the creation of surface colour maps.?>*
Visually, these colour maps aided in the qualitative evaluation. The colour maps were evaluated using the parameters
listed below. If the master cast and denture are perfectly adapted, the colour map will appear completely green, and
the measurement will be zero. When the colour changes from yellow to red, it indicates a deviation with positive
values. It will imply gapping and incomplete adaption. When the colour changes from cyan to blue, it indicates a
deviation with negative values. It will specify tissue compression.”>

This indicates that the master cast is in contact with the denture base. According to statistical analysis, there were no
statistically significant differences between group X1 and group X2 specimens. It showed that the accuracy of both X1
and X2 specimens was similar. It was also shown that there were statistically significant variations between specimens
from the X2 and X3 categories. Aside from that, the X2 and X5 specimens differed significantly. From these findings,
it was deduced that specimens subjected to bench chilling had superior dimensional precision than those subjected to
the study's quick cooling techniques.”*

There were some flaws in this research. The effects of saliva and mouth opening on the outcomes were not examined
in this in vitro study. The analysis was performed by a professional, and the technique was tough to use and

29,30,31

comprehend. The study's sample size was tiny in this case. As a result, future investigations using in vivo

conditions and a bigger sample size should be conducted.

CONCLUSION
From these results it was inferred that specimens which underwent bench cooling showed better dimensional accuracy

in comparison with the rapidly cooling techniques used in the study.
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