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ABSTRACT

Purpose: The present in vitro study was conducted to evaluate and compare the hardness of four commercially
available provisional restorative materials. Materials and Methods: The groups in the study were Protemp
4 group, Integrity group, Systemp C and B group, and Structure 2SC group ten specimens of dimensions
64 mm x 3.5 mm X 12.3 mm x 65 mm x 13.5 mm of each material was made. Moreover, a total of forty specimens
were used in the study and were tested for micro hardness and the values obtained were evaluated. One-way analysis of
variance was applied to the data, and post hoc test was carried out for intercomparison between groups. Results: The
findings showed that mean hardness value of Protemp 4 which had the highest value of 65.990 Vickers hardness
number (VHN) followed by integrity 60.300 VHN followed by 57.210 VHN in Structure 2SC and least of 56.520
VHN in System C and B group and it was found to be statistically significant. The post hoc test revealed there was
evident between Voco (Structure 2SC) and Systemp C and B materials; there was no statistical difference in mean
hardness of the material in comparison with Protemp 4 and Integrity. Conclusion: Protemp 4 showed the highest
hardness followed by integrity, Structure 2SC and Systemp C and B.
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used as diagnostic tool for checking the altered occlusion
and pulpal response.®1?

Introduction

Provisional crowns and fixed partial dentures are vital
components of fixed prosthodontic treatments. They should
protect pulpal tissue from physical, chemical and thermal

The materials used for fabrication of provisional restorations
includes pigments, monomers, filler and an initiator, all

injuries, and must maintain occlusal function and stability,
and esthetics.!!! The provisional restorative materials should
fulfil mechanical, biologic, and esthetic requirements until
the placement of definitive restorations.>¥ These materials
should have certain mechanical properties, such as flexural
strength, hardness, and wear resistance to with stand
the complex environment of oral cavity.*” Provisional
restorative materials are classified as methyl methacrylates,
ethyl methacrylates, bis-acryl resin composites, and
light-cured composites. Provisional restorations are also
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combining to form an esthetic restorative substance. The
important characteristics of the material are determined
by the primary monomer. The ability of this monomer to
convert to a polymer allows the material to set into a solid
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that is durable enough to withstand the oral environment and
occlusal forces for an interim period.['"1?!

A provisional restoration is a fixed or removable prosthesis
designed to enhance esthetics, stabilization or function for
a limited period of time after which it is to be replaced by a
definitive dental prosthesis.

Clinicians must be familiar with the commercially available
interim materials and their mechanical properties so that
they can select the best material depending on the clinical
situations.

Hence, with this background, the present in vitro study was
conducted with an aim to evaluate and compare the hardness
of four commercially available provisional restorative
materials.

Materials and Methods

Provisional restorative material selected [Figure 1]:

» Integrity: Bis acryl resin based provisional restorative
material containing multifunctional methacrylates

*  Protemp 4: Bis acryl resin based provisional restorative
material containing bifunctional methacrylates

e Structure 2SC: Bis acryl resin based provisional
restorative material containing methacrylates

* Systemp C and B: Bis acryl resin based provisional
restorative material containing methacrylates.

Description of the mold

A master die was machined with dimensions
(64 mm x 3.5 mm x 12.3 mm x 65 mm % 13.5 mm) according
to ADA specification no 13 for determining hardness.!"*! This
master die was used to prepare a mold. Lower portion of
the 3 piece brass flask was filled with freshly mixed type II1
dental stone with a standard powder/water ratio, 100 g
powder to 30 ml water and the stainless steel dies were
placed into this mixture. Cold mold seal was applied on the
set stone surfaces and the upper portion of the selected flask

Figure 1: Provisional restorative materials used in the study

was positioned on top of the lower portion of the flask and
flasking was completed by pouring stone into the second
half of the flask and secured with the lid and placed on a
bench press and allowed to set. After setting, the flasks were
opened following removal of the dies from the lower half of
the flask.

Fabrication of the specimen

Provisional restorative material from the auto mixing gun
was dispensed into the mold space and the other half was
secured in place and placed on a bench press to permit even
pressure throughout the mold space and allowed to cure as
recommended by the manufacturer. After polymerization
of the specimens, flasks were opened and flash from the
specimens were removed with BP blade no 12 and the
specimens were grossly trimmed, ground with the silicon
carbide bur to remove any superficial layer of set material and
polished to high gloss using 600 grit abrasive and diamond
polishing paste. 10 specimens of each provisional restorative
material were fabricated and a total of 40 specimens were
tested in the study [Figure 2].

Testing of the specimen

Baseline Vickers hardness number (VHN) was measured
after 24 h of fabrication with a micro hardness tester (model
MVH, Omnitech, Pune, India), microhardness was
determined by mounting it on the microindenter and loading
each specimen for 15 s with a force of 100 g, after a square
pyramid shaped indentation was obtained on each specimen,
and its image was transferred to the computer monitor with
the help of the microscope along with the micro hardness
tester [Figures 3-5].

Formulae used

The lengths of the diagonals of the indentation were
measured and VHN corresponding to each indentation for
40 samples was calculated using the formula:

2Fsin136°
HV = —A
d2

Where, HV = Vickers hardness number; F = Load in kgf;
d = Arithmetic mean of the two diagonals, d1 and d2 in mm.

LA

Figure 2: Samples
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Statistical analysis
One-way analysis of variance (ANOVA) and post hoc test
were applied to test the significant difference.

Results

Table 1 shows the descriptive statistics of mean and standard
deviation of hardness of different provisional restorative
materials. Table 2 shows the one-way ANOVA used to
analyze total data where the value of P < 0.05 was found
to be significant. Table 3 shows the post hoc test results
where it was evident that between Voco (Structure 2SC)
and Systemp C and B materials there was no statistical
difference in mean hardness of the material in comparison
with Protemp 4 and Integrity Figure 6 shows the box plot of
hardness of provisional restorative material and is evident
that in Protemp 4 the hardness is more when compared
with other three materials and it is followed by Dentsply,
Voco and Systemp C and B. Figure 7 shows the mean plots
between provisional restorative materials.

Discussion

Various materials have been available for provisional
restorations. They can be prefabricated or custom made.
Prefabricated restorations such as clear celluloid shells,
polycarbonate crown forms, metal crowns are readily
available while provisional can be custom made from
material such as polymethyl methacrylate, polymethacrylate,
polyvinyl methacrylate, bisacryl composite resin and visible
light cured, urethane dimethacrylate.!'+!”)

Auto polymerizing resins have been used to fabricate
provisional restoration by various methods with the
introduction of composite based materials which may be
chemically; light or dual cured acrylic resin which has lost
their popularity.'® Composites are used over acrylic because
of chemical irritation and allergic reactions to acrylics
caused by methyl methacrylate monomer over the amine
accelerator, causing the composites to gain popularity over
the acrylics.['18)

Figure 3: Loading of the specimen on Vickers microhardness tester
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Surface hardness is used as an indicator of density and it
can be hypothesized that a denser material would be more
resistant to wear and surface deterioration.'” When a
provisional restoration is fabricated with a material having
a good wear resistance, the risk of perforation is greatly
decreased, maintaining its structural integrity for a longer
period. There are several types of hardness tests such as
Barcol, Brinell, Rockwell, Shore, Knoops and Vickers.
The selection of the test was dependent on the material
being studied. In this study, VHN (micro hardness test) was
determined which is based on the ability of the surface of
any material to resist the penetration of a specific tip with a
given load for a specific time.

The specimens for this study were prepared by using ADA
specification no 13! for determining hardness. A customized
steel die of dimensions (64 x 3.5 x 12.3 x 65 x 13.5) was
machined and used to fabricate the auto polymerizing
bis-acryl resin specimens with flasking procedure. Schulze
et al.? investigated the micro hardness changes of five

Table 1: Mean and standard deviation of hardness

(Vickers hardness number) values between four different
provisional restorative materials (n=10)

Integrity Protemp 4 Structure 2SC Systemp C and
(n=10) (n=10) (n=10) B (n=10)
615 P:e4 STR: 56.8 SYS:55.4
1,:58.9 P, 64.2 STR,: 57.9 SYS,:55.2
1,:58.9 Pr64.7 STR,: 57.4 SYS,:59.2
[,:58.3 P, 65.6 STR,: 57.2 SYS,:56.8
[:61.8 5 66 STR,: 56.6 SYS,:55.2
I,:62.7 Pr67.2 STR,: 56.8 SYS,:55.8
[:59.4 P 656 STR,: 57.7 SYS,:56.8
[161.3 P, 65.6 STR,: 57.7 SYS,: 56.8
1613 P, 66.8 STR.: 56.8 SYS,:55.8
1,593 P, 672 STR ,: 57.2 SYS 1 55.2
Minimum: 58.30  Minimum: 64 Minimum: 56.60 Minimum: 55.20
Maximum: 62.70 Maximum: 67.2 Maximum: 57.90 Maximum: 59.20
Mean: 60.3 Mean: 65.99 Mean: 57.20 Mean: 56.52
SD: 1.568 SD: 1.112 SD: 0.456 SD: 1.251
SE: 0.144 SE: 0.352 SE: 0.144 SE: 0.396
SD=Standard deviation, SE=Standard error

d2

di

Figure 4: Square pyramid shaped indentation obtained on the specimen
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Table 2: Statistical comparison (one-way analysis variance of hardness) (Vickers hardness number) values between

different provisional restorative materials

Provisional restorative materials Source of variance Degree of freedom Sum of squares Mean of square

F P  Remarks

Integrity Between groups 3
Protemp 4 Within groups 36
Systemp C and B Total 39

Structure 2SC

558.645 186.215 136.161 0.001 S
49.234 1.368
607.879

In four types provisional restorative materials the hardness differ significantly at 5% level of significance (P<0.05000). S=Significant

Table 3: Post hoc analysis of hardness (Vickers hardness number) values between different provisional restorative

materials

Material (1) Material (J) Mean difference (1—J) SE P 95% CI for difference
Lower bound Upper bound
Structure 2SC Integrity —3.09* 0.52 0.0001 —4.55 —1.63
Protemp 4 —8.78* 0.52 0.000 —10.24 —7.32
System C and B 0.69 0.52 1.000 —-0.77 2.15
Integrity Protemp 4 —5.69* 0.52 0.000 -7.15 —4.23
System C and B 3.78* 0.52 0.000 2.32 5.24
Protemp 4 System C and B 9.47* 0.52 0.000 8.01 10.93

*Statistically significant. CI=Confidence interval, SE=Standard error

Figure 5: Computer monitor showing the square shaped pyramid

chemically and five light curing composites after accelerated
aging from light exposure and they concluded that hardness
increases with accelerated aging.

A study was carried out to compare the flexural strength of
5 methacrylate based resins and 8 Bis-acryl resins used to
fabricate provisional crowns and fixed partial dentures. It was
concluded that within the limitations of the study, flexural
strengths were material than category specific. Some, but
not all, bi-acryl resins demonstrated significantly superior
flexural strength over traditional methacrylate resins.[']

A study was done to investigate the flexural strength and
flexural modulus of four (3 bis acrylate and 1 polymethyl
methacrylate) provisional crown and bridge materials
at different storage times after mixing using materials
with different storage curing mechanism (dual curing vs.
self-curing) the specimens were stored for 10 min, 2, 16,
24, 72 h. The materials were subjected to three point bend
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Figure 6: Box plot of mean and hardness (Vickers hardness number) values
between four different provisional restorative materials

test at various times after mixing (37°C dry/water) including
thermocycling (x5000, 5.55°C). The chemical nature and
curing mechanism significantly influenced the mechanical
properties; however, the influence of the curing mechanism
disappeared at progressive points in time after mixing.
Flexural time and flexural modulus significantly depend on
the time after mixing. Composite based provisional crown
and bridge materials should be preferred over methacrylate
resins due to favorable mechanical properties.*!)

This study was conducted for evaluating the in vitro hardness
between the commercially available bis acryl resin based
provisional restorative materials Integrity, Structure 2SC,
Systemp C and B, Protemp 4. The provisional restorative
material represent different chemical contents i.e. Integrity
from Dentsply group represent methacrylates with barium
glass and fumed silica, Structure 2SC from Voco group
represent methacrylates with terpenes, amines and benzoyl
peroxide, butylated hydroxy toluene, Systemp C and B
from Ivoclar Vivadent group represent polyfunctional
methacrylates and inorganic fillers, plasticizers and
stabilizers, Protemp 4 from 3 M ESPE group contains
dimethacrylate polymer and bis gma resins with fillers and
stabilizers represents however the contents and except a few
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Figure 7: Mean plots of hardness (Vickers hardness number) values
between different provisional restorative materials

descriptive words regarding strength have not been disclosed
by the manufacturer.

Conclusion

From the results of the present study, we conclude that
Protemp 4 (3 M ESPE) showed the highest hardness followed
by Integrity (Dentsply), Structure 2SC (Voco) And Systemp
C and B (Ivoclar Vivadent) in descending order.
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