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ABSTRACT

The provisional restorations are used for an interim period in fixed prosthodontics. In a few situations, it can also be
used as a long term provisional restoration. In the case of long term provisional restorations, the major concern is the
aesthetics and function. In anterior tooth replacement, colour stability is the main criteria for selection of material.
Colour stability can be affected by various reasons. The aim of the study is to evaluate the colour stability on CAD-CAM
interim restoration and the conventional interim restoration. Eight samples each of heat cure provisional and CAD-CAM
resin milled provisional are fabricated and tested in a toothbrush simulator for a period of 24hrs. The average period of
abrasion is for 9 months. Pre-test and post-test measurement of its absorbance using spectrophotometer done. The results
showed that CAD-CAM provisional restorations have better colour stability than conventional heat-cured provisional
restorations even after 9 months. This can be due to less monomer residue, better mechanical properties. Colour stability
is an important criterion when anterior restoration is concerned. Discolouration of the restoration can be due to various
factors that may lead to patient dissatisfaction. The CAD-CAM provisional restorations can be a better choice as a long
term provisional restoration in the aesthetic zone.

KEY WORDS: PROVISIONAL RESTORATIONS, CAD-CAM TEMPORIZATION, COLOUR STABILITY, AESTHETICS, TOOTHBRUSH
SIMULATOR.
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INTRODUCTION

In fixed prosthodontics, replacement of missing teeth is
the primary aim of treating patients to regain aesthetics
and function. The restoration done can be either tooth-
supported prosthesis or implant-supported prosthesis. In
tooth-supported prosthesis evaluation of abutment teeth
are at-most important for treatment success. An implant-
supported prosthesis can be either immediate loading or
delayed loading. In implant-supported prosthesis, the
formation of gingival collar especially in the anterior
region is important in the aesthetic point of view. In
immediate loading of implants, permanent restorations
either with metal-ceramic or all-ceramic will be
challenging in the aesthetic area, due to unpredictability
in the healing of soft tissue. In such situations, interim
restoration is one of the choices.

There are various interim restorative materials available.
Polymethyl methacrylate (PMMA) is one of the most
commonly used denture base material(Sepulveda-Navarro
et al., 2011) (Goiato et al., 2013).The types of PMMA resin
includes heat-cured resin, auto-polymerizing acrylic
resin, light-cured resin, microwave processing resin,
computer-aided design/computer-aided manufacturing
(CAD/CAM) PMMA block resin(Tuna et al., 2013;
Choi et al., 2018). The most commonly used PMMA
resins are heat cured and CAD-CAM resin. Heat cured
polymethylmethacrylate (PMMA) resin is the most widely
used material for the construction of removable prostheses
and for interim fixed restoration. The advantages include
low cost, ease of manipulation, adequate physical and
mechanical properties and disadvantages include poor
colour stability and abrasion(Berger et al., 2006)(Berger
et al., 2006; Palaskar, Mittal and Singh, 2013; Gungor,
Gundogdu and Duymus, 2014).

CAD/CAM technology has multiple prosthetic applications
including the fabrication of intra-coronal and extra-
coronal restorations, crowns, fixed partial dentures and
more recently, the construction of complete denture
and maxillofacial prostheses. CAD/CAM allows the use
of novel materials with improved characteristics but
it is crucial to understand and assess the mechanical
properties of these newer materials(van Noort, 2012).With
advancement in digital dentistry, PMMA based polymer
blocks are replacing the conventional method of using
acrylic resin for the fabrication of interim crowns(Alp,
Murat and Yilmaz, 2019)

The aesthetic outcome is an important factor for anterior
restorations. The colour stability should be adequate
to the patient’s expectation and satisfaction(Heydecke
et al., 2003; Sahin et al., 2016). Hence it is essential to
understand the colour stability of different materials
in order to obtain the best treatment outcome for the
patient. A Spectrophotometer is used to analyse the
colour stability of different materials. It is a scientific
standardized colorimetric equipment for matching and
measuring colors that gives information about the
reflectance curve as a function of wavelengths in the
entire visible range and thus numerically specifies the
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perceived color of an object. CIELAB color coordinates
system is a very useful mode that provides information
about location of object color in a uniform 3-dimensional
color space. It quantifies the color in terms of three
coordinate values L*, a*and b*. Here L* represents
brightness or lightness (value) and a* and b* serve as
numeric correlates both for hue and chroma.(Hong et
al., 2009).

Previously our department has published extensive
research on various aspects of prosthetic dentistry
(‘Evaluation of Corrosive Behavior of Four Nickel-
chromium Alloys in Artificial Saliva by Cyclic
Polarization Test:An in vitro Study’, 2017; Ganapathy,
Kannan and Venugopalan, 2017; Jain, 2017a, 2017b;
Ranganathan, Ganapathy and Jain, 2017; Ariga et al.,
2018; Gupta, Ariga and Deogade, 2018; Anbu et al.,
2019; Ashok and Ganapathy, 2019; Duraisamy et al.,
2019; Varghese, Ramesh and Veeraiyan, 2019), this vast
research experience has inspired us to research about
the colour stability of the heat polymerized resin interim
restoration and CAD CAM milled interim restoration.

MATERIAL AND METHODS

A total of 16 samples are fabricated for the study. These
samples are divided into two groups. Group 1 Heat
polymerized resin interim restoration (Fig 1) Group 2
CAD-CAM milled resin interim restoration (Fig2) The
samples are fabricated after virtual designing using the
CAD software(3Shape- Trios). This technique is followed
to have seven thicknesses and form. The virtual design is
directly converted into CAD CAM Interim restoration by
direct milling (I-Core, Germany). For heat polymerized
resin interim restoration, the virtual design is milled
with pattern resin and the pattern resin is converted
into heat polymerized resin interim restoration. The
pretest absorbance AE values are measured using the
spectrophotometer (VITA easyshade V) (fig 3A and 3B)

Figure 1: Heat cure interim samples

Figure 2: CAD-CAM interim samples




Figure 3. (A): Pre-test absorbance AE value for heat- cured
provisional

Figure 3 (B): Pre-test absorbance AE value for CAD-CAM
provisional
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handle to hold the toothbrush in place. The specimens
are mounted with standardized key lock fixations. The
bristles of the toothbrush are aligned without pressure
perpendicularly contacting the specimen surface. After
24hrs, the specimens are retrieved from the tooth brush
simulator and the posttest measurement of its absorbance
are recorded using the spectrophotometer and AE values
measured. (Fig 5A and 5B)

Figure 5 (A): Post-test absorbance AE value for Heat-cured
provisional

Figure 5 (B): Post-test absorbance AE value for CAD-CAM
provisional

RESULTS

The samples are made to run in a toothbrush simulator
for 24 hrs continuously with coloured toothpaste (Fig 4).
Toothbrush simulator is a device used for the simulation
of tooth-cleaning processes by commercially available
toothbrushes. The toothbrushes used for the study
are with medium graded bristles. The tooth brushing
machine included eight holders for toothbrushes. Each
toothbrush worked on 1 specimen. The holders for
the toothbrushes are customized for the toothbrush

Conventional heat cure based PMMA interim restorations
in the present study showed significantly higher colour
change as compared to PMMA-based CAD/CAM interim
restorations. Statistical analysis with one way anova
test using SPSS software is done to obtain results. From
(figure 6), it is seen that the average AE value in heat
cure provisional shows a large difference in each sample.
Sample 2 and 6 had the highest difference with AE
values 3.7 and 3.4 followed by sample 7 with AE value
of 2.7 respectively. However the average AE value in
CAD-CAM provisional showed small differences in all 8
CAD-CAM samples with values ranging between 0.2- 0.7
as shown in (figure 7). Table 1 shows one way ANOVA
test done which is statistically significant with p<0.001.
This is due to increased wear resistance of CAD-CAM
interim restoration and optimal condition during which
polymerization of CAD/CAM materials takes place,
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therefore resulting in improved monomer-to-polymer
conversion rate in addition to low polymerization
shrinkages.

Figure 6: Bar chart showing the pre treatment, post
treatment and AE value values of heat cure provisional
restorations in 8 samples. X axis represents the heat
cure restoration samples and Y axis represents the mean
value. Blue denotes pretreatment values, red denotes post
treatment values and green denotes AE value. Heat cure
provisional samples show larger differences in AE values
One way ANOVA test is done and p<0.001
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Figure 7: Bar chart showing the pre treatment, post
treatment and AE value values of CAD-CAM provisional
restorations in 8 samples. X axis represents the CAD-
CAM restoration samples and Y axis represents the mean
value. Blue denotes pretreatment values, red denotes
post treatment values and green denotes AE value. The
CAD-CAM sample shows a lesser difference in AE value
in each of the samples. One way ANOVA test is done and
p<0.001.
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DISCUSSION

In long term provisional restorations especially in the
anterior region, aesthetics is the main concern. To
obtain optimal aesthetics, size, shape, colour of the
restoration is at-most important. Size and shape of the
restorations are in the hands of the dental technicians.
But colour and colour stability is one of the major
issues in anterior restorations. The colour stability of
the restorations can be affected by several factors like
surface roughness, absorption of fluids, accumulation of
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stains, dissolution, erosion by beverages, and degradation
of the material(Goiato et al., 2013; Moon, Powers and
Kiat-amnuay, 2014)

Colour assessment can be done either by visual examination
using shade guides or by using spectrophotometry. This
visual examination is subjective to physiological and
psychological factors based on the surrounding light.
Spectrometry eliminates the subjective evaluation and
the surrounding light will not affect the true value of
colour (Moon, Powers and Kiat-amnuay, 2014), Colour
changes in the restoration denotes the ageing or damage
to the material used(Waliszewski, 2005; Oguz et al., 2007;
Goiato et al., 2010). CAD-CAM blanks have less residual
monomer, improved optical properties when compared to
conventional heat cured resin(Giith and Dent, 2012; Giith
et al., 2012). In this study, CAD/CAM PMMA resins are
compared with a heat cure resin by running it through
a brushing simulator. The colour change is determined
for all long term provisional restoration as they increase
over time. There are intrinsic and extrinsic factors that
can cause discolouration of restoration as well(Zuo et
al., 2016).

CAD/CAM long term provisional restorations have
better colour stability, less porosities, mechanical
properties, and fit than the conventional provisional
restorations(Yao et al., 2014; Rayyan et al., 2015) The
average brushing period of an individual is around 5
minutes per day. In this study, the abrasion is done using
a brushing stimulator continuously for 24 hrs. Using
the spectrophotometry the colour stability is evaluated
after the estimated period of 9 months. The results state
that the CAD-CAM provisional has more colour stability
than conventional heat-cured provisional even after the
usage of 9 months.

CONCLUSION

The present study concludes that CAD-CAM long term
provisional restorations have better colour stability than
the conventional heat-cured provisional restorations.
CAD-CAM provisional restoration gives better mechanical
properties, more aesthetic appeal that ultimately gives a
better patient satisfaction.
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