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ABSTRACT

The most commonly used material in dentistry is Poly methyl methacrylate (PMMA) which has excellent properties like
physical and mechanical properties but this material is rarely used in pure form as it has relatively poor wear resistance
and heat resistance. The ideal properties of fixed partial denture (FPD) base material should have superior surface texture
and mechanical properties. The wear resistance of heat cure provisional and CAD-CAM provisional vary greatly based
on their properties. The aim of this study was to comparatively evaluate the wear resistance in heat cure provisional
and cad-cam provisional fixed partial denture. Eight samples each of heat cure provisional and CAD-CAM milled FPD
are prepared. The samples are then run for 8 hours in a brushing simulator with a toothpaste to check for its wear
resistance .The pre test and post test measurement of its wear resistance is done using laser scan. The wear resistance is
more for the CAD-CAM provisional FPD as compared to the heat cure provisional FPD. Pre treatment and post treatment
cuspal thickness shows a vast difference in heat cure provisional. However the pre treatment and post treatment cuspal
thickness reduction is minimal in CAD CAM provisional FPD. CAD CAM provisional FPD showed better wear resistance
than heat cured provisional FPD. Hence CAD CAM prosthesis should be preferred over the heat cured FPD.
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The success of the restoration in fixed prosthodontics
depends on three main factors that are biological factors,
mechanical factors, and aesthetic factors. Different
materials have been tried in restoring the missing
tooth. The choice of the material selection depends on
the esthetics, available interocclusal space, number of
missing teeth, cost and the status of the abutment tooth
(Baba, 2016).

Ideally FPD (fixed partial denture) base material
should have superior surface texture and mechanical
properties. In 1936 Walter Wright introduced acrylic
resin material called polymethylmethacrylate (PMMA)
to the market (Keyf, Uzun and Mutlu, 2003; Baba,
2016). This material became one of the most popularly
used denture base materials due to its ease of handling
and manipulation of the material, it is less toxic, has
good aesthetic results, shows adequate strength, easily
repaired, the stability in the oral cavity was better when
compared with other materials, low solubility, reasonable
cost, and low water absorption (Kim and Watts, 2004).
However, the mechanical properties of PMMA have been
considered inadequate (Vallittu, 1993, 1999). Among
the common drawbacks of PMMA are dimensional
changes, susceptibility to fracture, residual monomers,
and increased risk of denture-associated infections
(Vallittu, Ruyter and Ekstrand, 1998). In addition to this
the possibility of surface and subsurface voids, which
can not only jeopardize the mechanical properties of
the processed denture but also compromise esthetic and
hygienic results (Hazelton et al., 1995; Vallittu, Ruyter
and Ekstrand, 1998).

Surface characteristics of acrylic dentures such as
roughness, hardness, and wettability have been reported
to be key players in denture-associated stomatitis (John
et al., 2015). Surface roughness has been described as
irregularities that characterizes a surface and has its
influence on wetting, quality of adhesion, and brightness
of that surface. Rough surfaces generally tend to
induce halitosis and are considered more vulnerable to
discoloration than smooth surfaces, thereby reducing
patient esthetics and comfort (Cardoso et al., 2008).

As microbial adhesion and colonization usually occur on
non shedding surfaces (Lewinstein et al., 2003), dental
prostheses need to have smooth surfaces to minimize the
retention of plaque and microorganisms (Vallittu, Ruyter
and Ekstrand, 1998; Cardoso et al., 2008). To decrease
the accumulation and colonization of microorganisms,
the surface roughness of dental prostheses should not
exceed a threshold of 0.2 pm (Scotti, Mascellani and
Forniti, 1997; Cai et al., 2011; Ayman, 2017). Studies
reported that a 0.2 pum roughness threshold can be
achieved by common laboratory and chairside finishing
and polishing procedures.Therefore, adequate finishing
and polishing of dental prostheses, including dentures,
are mandatory to minimize prosthesis surface roughness
(Scotti, Mascellani and Forniti, 1997).[16]
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Computer-aided design/computer-aided manufacturing
(CAD/CAM) techniques haveexpanded recently to
embrace the fabrication of complete dentures, record
bases, immediate dentures, and implant-supported
overdentures in two clinical appointments. As CAD/
CAM dentures are milled from pre-polymerized PMMA
billets that are polymerized under high temperatures
and pressure values, CAD/CAM dentures are reported to
be less porous, and consequently, less likely to harbor
virulent microorganisms such as Candida albicans,
which will be less able to adhere to the surface of digital
dentures (Ruyter, Nilner and Moller, 1987; Wassell et al.,
2002; Diaz-Arnold et al., 2008).

The material of choice for the fixed restoration in
compromised abutments and in immediate implant
loading is the polymer resin. Polymethyl methacrylate
(PMMA) is the most commonly used polymer as a
removable prosthetic restorative material due to its
excellent physical and mechanical properties. Due to its
poor wear resistance and heat resistance, it is not used
as a permanent fixed restorative material (Demir et al.,
2006; Cai et al., 2011).

In polymer tribology, wear mechanism includes abrasive,
adhesive and fatigue wear. Abrasive wear is a material
loss phenomenon due to movement of hard particles on
the friction surface. Adhesive wear, it is the adhesion and
tearing micro materials during friction. Fatigue wear is
the peeling of material under repeated action of high
compressive stress (Gu et al., 2019).

Heat treatment is considered as one of the most effective
ways to improve the mechanical properties of polymer
materials (Ovsianikov et al., 2011; Gu et al., 2019). Heat
cured PMMA resin is the most widely used material for
removable prosthesis. This material is mainly used due
to its physical, chemical properties, easy to process and
reasonable cost. However, there are few disadvantages
like release of residual methyl methacrylate (MMA) which
affects the dimensional stability of the material (Baba,
2016; Ayman, 2017).

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
Comparison of wear resistance of CAD CAM provisional
and heat cure provisional.

Sampling: A total of 16 samples, Eight Samples of heat
cure provisional restoration (Figure 1) and eight samples
of CAD-CAM milled provisional restoration (Figure 2)



are fabricated. Tooth brushing simulator Toothbrush
simulator is a device used to evaluate the wear resistance.
In this device, commercially available toothbrushes with
medium graded bristles were used. The specimens are
fixed in the device and the toothbrush is positioned so
that it can simulate brushing. The specimens are fixed in
the tooth brush simulator and the brushing simulation
is done for the period of 24hrs (Figure 3).

Figure 1: Heat cure provisional sample

Haat cura FPD

Figure 2: CAD-CAM provisional samples
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The results are tabulated in excel, Statistical analysis was
done using SPSS and one way ANOVA test performed.
Statistical analysis done by exporting the data to SPSS
for data checking. Data sorted and then represented in
frequencies. Descriptive results are presented on tables
and graphs.

RESULT AND DISCUSSION

The wear resistance is less for the Heat cure provisional
FPD as compared to the CAD CAM provisional FPD
which has more wear resistance. Pre-treatment and
post-treatment cuspal thickness shows a vast difference
in heat cure provisional as seen in Graph 1. However
the pre-treatment and post-treatment cuspal thickness
reduction is minimal in cad cam provisional FPD as
seen in Graph 2.

Figure 4: Pre treatment and post treatment images of heat
cure provisional FPD showing the wear resistance.
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Figure 5: Pre treatment and post treatment images of CAD-
CAM provisional FPD showing the wear resistance.
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Dental wear is a complex process that is influenced
by numerous factors and depends on physiological
and pathological mechanisms (Moérmann et al., 2013).
Resistance to occlusal wear is an important consideration
for the clinical success of oral prosthetic restorations.
The wear of the restorative material should match with
the wear of natural enamel. Wear of restorative material
can cause abnormal loading on the occlusal surface and
possibly loss of occlusal vertical dimensions, which
can lead to problems, such as temporomandibular
joint disorders, masticatory muscle fatigue, changes
in mandibular movement path, and esthetic problems
(Lambrechts et al., 1989; Mérmann et al., 2013).

To evaluate the wear resistance, several tests have been
tried; rotating sliding wear test, two body wear test, three
body wear test, and tooth brush simulator. Clinically,
although most restorative material or tooth loss may be
due to direct contact between teeth, between teeth and
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restorative materials, or between restorative materials,
these losses can also be caused by other factors, such as
abrasion or erosion (Lim et al., 2002).

Graph 1: This graph shows association between Heat cure
provisional restoration and wear resistance where blue
color indicates Pretreatment FPD and red color indicates
Post treatment FPD. The X axis represents the Heat cure
restoration provisional samples and the Y axis represents
the wear resistance of the samples. The wear resistance is
less in heat cure provisional. One way ANOVA test done,
P < 0.001 for Heat cure provisional restoration indicating
statistically significant.
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Graph 2: This graph shows association between CAD-CAM
restoration provisional and wear resistance where blue
color indicates Pretreatment FPD and red color indicates
Post treatment FPD. The X axis represents the CAD-CAM
restoration provisional samples and the Y axis represents
the wear resistance of the samples. Wear resistance is more
in CAD-CAM provisional restoration.
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CAD-CAM restoration provisonal

In immediate loading of implant prosthesis and in
compromised abutment conditions, the material choice
for the fixed restoration is PMMA resin. This PMMA
resin should withstand wear for minimum 6 months till
permanent restorations are replaced. In this study the
wear resistance is tested using the tooth brush simulator
for 24 hrs. The abrasion wear for a restoration can be 5
minutes per day during brushing. Thus this study shows
the abrasion wear value for 9 months. When compared
with conventional heat cured acrylic resin, the CDA-CAM
resin restoration has better abrasion wear resistance.

CONCLUSION

CAD-CAM milled PMMA resin has more abrasive wear
227

resistance than the Conventional heat cured acrylic
resin. This can due to the less polymerization shrinkage,
less residual monomer content, less manual error. The
above study concludes that the CAD-CAM milled resin
restoration is preferred than conventional heat cured
restoration as long term provisional restoration.
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