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ABSTRACT

Aim:To carry out a comparative evaluation of flexural strength and impact strength of computer-aided design/computer-aided manufacturing
(CAD/CAM) denture base resin with conventional heat cure resin fabricated by two different techniques.

Materials and methods: The study was carried out in three groups based on the manufacturing process of the dentures: Group | (n = 30)—control
group containing specimens fabricated by conventional pressure-pack technique (polymer and monomer—powder and liquid, (DPI, Mumbai,
India)); Group Il (n = 30)—specimens fabricated using injection molding technique (SR—Ivocap High Impact, Ivoclar Vivadent, Liechtenstein);
and Group Il (n = 30)—specimens fabricated using CAD/CAM technology (Bloomden™, China). The values for flexural strength of each specimen
were measured using a universal testing machine by a three-point bending test. Impact strength testing of the samples was done on the Izod
impact testing machine with a pendulum of S2 scale in air at 23 + 2°C. The mean values of the flexural strength and impact strength were
calculated by the one-way ANOVA test and intergroup comparison was done using Tukey pairwise comparisons.

Results: The flexural strength (FS) and impact strength (IS) of CAD/CAM (FS = 93.16 + 5.46 MPa and IS = 15.625 + 2.512 kJ/m?) samples were
highest followed by injection molded samples (FS = 84.82 + 5.30 MPaand IS = 12.511 + 2.908 kJ/m?) and least for compression molded control
group (FS = 74.70 + 5.02 MPa and IS = 8.446 + 0.937 kJ/m?).

Conclusion: CAD/CAM denture base resins have the highest flexural and impact strength compared to injection molded and compression

molded heat cure denture base resins.
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INTRODUCTION

Complete denture (CD) rehabilitation is the most conventional
and accepted form of prosthodontic treatment for patients
with edentulism. An ideal denture base material should be
biocompatible and have acceptable physical and mechanical
properties. It should also be easy to clean and repair and allow
optimal adhesion to denture teeth.! Polymethyl methacrylate
(PMMA) is currently the material of choice for denture fabrication. It
was firstintroduced in 1937 by Dr Walter Wright and continues to be
a popular material owing to its favorable working characteristics.?
Despite excellent properties, there is a need for improvement in
the fracture resistance of PMMA >

Flexural fatigue and impact forces may result in denture
fractures, which is a common matter of concern to many denture
wearers. As the alveolar ridge irregularly resorbs, the denture base
has to endure uneven force distribution hence high flexural strength
is critical.* Fracture due to flexural fatigue is usually explained by
the development of microscopic cracks in a stress concentration
area. This type of fracture occurs over time and is not due to a single
application of force like a fracture due to impact. The higher flexural
strength of an acrylic resin ensures superior fracture resistance
property, thereby making it less prone to clinical failure.> Impact
strength is a measure of the energy absorbed by a material when
a sudden blow strikes it. Ideally, the denture base should have a
sufficiently high impact strength to prevent breakage on accidental
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dropping. The processing technique used to polymerize the
denture base resin has been found to be an important factor in
determining the impact strength.® Failure due to flexural fatigue
may occur due to heavy occlusal biting forces. Failure may also occur
as an outcome of impact force caused by accidentally dropping the
denture. Therefore, testing the transverse strength and the impact
strength of denture base materials have been used as a method of
comparing their performance.’

The conventional dentures produced with compression
molding technique shrink and distort. Porosity is also one of the
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undesirable characteristics, which results in high internal stresses
and vulnerability to distortion and warpage of denture base.®

The injection molding technique was introduced by, Pryor in
1942 to overcome the adverse effects of compression molding.
Many studies have demonstrated higher flexural and impact
strengths for the injection molding technique compared to the
conventional method. A constant flow of the resin from the sprue
ensures compensation for the polymerization shrinkage and
produces a more accurate denture compared to compression
molding technique.’

The use of CAD/CAM dentures is changing the face of
prosthodontic therapy for edentulous patients. CAD/CAM
systems use a two-appointment technique whereby impressions,
interocclusal records, and tooth selection can be completed in
one appointment. Therefore, CAD/CAM processed dentures offer
significant advantages to the dental practitioners and patient. The
CAD/CAM dentures are machined from a pre-polymerized disc of
acrylic resin material. This disc is produced under high pressure
and heat, which eliminates the possibility of shrinkage, residual
monomer content, and internal porosities of the definitive milled
prosthesis.'°

There is limited literature regarding the CAD/CAM dentures
and its mechanical properties. Hence, the purpose of this study
was to evaluate its mechanical properties and compare it with the
conventional and injection molding fabrication techniques. The
primary research question is if there is any difference between the
flexural and impact strength of the three denture base resins: CAD/
CAM PMMA, injection molded PMMA, and compression molded
PMMA. The null hypothesis for this research is that there is no
difference in the flexural and impact strengths of the test samples.

MATERIALS AND METHODS

Fabrication of Specimen

The study was divided into three groups based on the manufacturing
process of the dentures:

« Group | (n = 30)—control group; containing specimens
fabricated by conventional compression molding technique;

«  Groupll(n=30)—specimens fabricated using injection molding
technique;

« Group Ill (n = 30)—specimens fabricated using CAD/CAM
technology.

A metallic rectangular strip of 65 mm x 10 mm x 3 mm
dimensions was milled and fabricated for the preparation of stone
mold in a dental flask.

Group I: Samples were prepared using conventional heat curing
PMMA denture base resin [polymer and monomer—powder
and liquid (DPI, Mumbai, India)] according to the manufacturer’s
instructions (4.4 mL of monomer, 10 g of powder; weighing scale
from Seco Shindhe Scale.CO., Pune, India). When the mixture
reached the dough state (usually 5-10 minutes, depending on the
room temperature), the dough was collected and packed well into
the rectangular prepared mold by a routine procedure including
the trial packing. Bench curing was done for 30 minutes. The PMMA
heat cure resin was processed by a short curing cycle according to
the manufacturer’s recommendation. After bench cooling for 30
minutes, the flasks were immersed in the cold water until they were
cooled to room temperature and deflasking was done.

Group ll: Pre-proportioned capsules of resin and monomer (SR,
Ivocap High Impact, Ivoclar Vivadent, Liechtenstein) were combined
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and loaded in the cap vibrator (Ivoclar Vivadent) for 5 minutes. The
flask halves were clamped in the frame under 6,000 lbs of pressure
and the mixed capsule was inserted. This assembly was connected
to a compressed air supply (6 bar/85 psi) to enable the plunger
to descend and push the material into the mold. Total injection
time was programmed to ten minutes, at room temperature.
The apparatus was then placed in the polymerization bath for 35
minutes under an appropriate level of boiling water. After removal
it was flash cooled, maintaining the pressure for 30 minutes.
Group Ill: CAD/CAM PMMA discs (Bloomden™, China) of 98 mm
diameterand 25 mm height were scanned in the DC5 milling system
(Dental Concept Systems GmbH, UIm, Germany). A layout of the strip
of 65 mm x 10 mm X 3 mm dimensions was designed on the CAD
file. The 5-axis milling system was used to mill these blocks. The 4th
axis in this system can pivot £32° while the 5th axis rotates 360°.
Both these axes are controlled by precision harmonic drive systems,
which allows ultimate milling stability and accuracy of the discs. It
consists of a visual progress indicator which indicates the stages
and progress of the milling process with multi-colored interior
LED lighting. An automated suction port was placed in the center
of the operation, which ensured consistent vacuum performance.
Samples with frank defects and not fulfilling dimensional
specifications were discarded and new samples were fabricated.
Finishing of all the specimens was done with tungsten carbide bur
and polished using the conventional laboratory polishing method:
coarse pumice, water, lathe bristle brush, and soft leather polishing
wheel. The finished and polished specimens were stored for wet
conditions in distilled water at room temperature for 50 hours.
Each specimen was measured with a digital Vernier caliper and
the excess was trimmed. All specimens after finishing were stored
at room temperature. A total of 30 specimens were prepared in
each group, which were further subdivided into two subgroups
of 15 specimens each for testing for flexural and impact strength.

Testing of Specimen
The values for flexural strength of each specimen was measured
in a three-point bending mode using a Universal testing machine
(UNITEST-10, ACME Engineers, India) at a crosshead speed of 5 mm/
minute. The span of the two supports was 50 mm. The flexural
strength was calculated by a program in the universal testing
machine (Fig. 1).

The flexural strength (6) was calculated using the following
formula:

Fig. 1: Measurement of flexural strength using universal testing machine
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Fig. 2: Measurement of impact strength using lzod impact testing
machine

o =3Fl/ 2bh?

where Fis the maximum load (N) applied at the highest point of the
stress—strain curve, [ is the span length (mm), b is the width of the
test specimen (mm), h is the thickness of the test specimen (mm).

Impact strength testing of the samples was done on the Izod
impact testing machine with a pendulum of S2 scale in air at 23 +
2°C. Before testing, the pendulum was released to freely swing in
the air to record the air resistance (AR) encountered by the free-
swinging pendulum. Air resistance of 0.6 Joules was recorded. The
readings were taken on the S2 scale where the pointer was stabilized
after swing. The specimen was clamped in position precisely. The
pendulum was released and reading indicating energy absorbed
(EA) to break the specimens on the S2 scale was recorded. All the
specimens were tested in the same manner (Fig. 2).

Impact strength of the specimen was calculated by using the
formula:

Impact strength=U/a(b-¢)

where, a is the width of the specimen, b is the thickness of the
specimen and ¢ is the depth of the notch =0

Statistical Analysis

Data obtained were compiled on an MS Office Excel sheet (Microsoft
Office version 2013, Redmond Washington, USA) and subjected to
statistical analysis using Statistical Package for Social Sciences (SPSS
version 21.0 IBM Corporation, New York, USA). The mean values for
the flexural and impact strength of the samples were calculated
by the one-way ANOVA test. Intergroup comparison was done
using Tukey pairwise comparisons (Tukey simultaneous tests for
differences of means).

REesuLTs

A total of 90 specimens were prepared and evaluated for flexural
and impact strength (15 samples per group for each test). The mean
values of the flexural strength of all the samples were calculated by
the one-way ANOVA (Table 1). All p values <0.05 were considered
statistically significant. The mean flexural strength of control group
was (74.70 + 5.02 MPa) which was significantly different from the
mean values of the injection molding group (84.82 + 5.30 MPa) and
CAD/CAM samples (93.16 + 5.46 MPa). Similarly, the mean values of

74 International Journal of Prosthodontics and Restorative Dentistry, Volume 10 Issue 2 (April-June 2020) vg\
s

the impact strength (Table 1) of all the samples were calculated by
one-way ANOVA. The mean impact strength of the control group
was (8.446 + 0.937 kJ/m?), which was significantly different from the
mean values of the injection molding group (12.511 + 2.908 kJ/m?)
and CAD/CAM samples (15.625 + 2.512 kJ/m?).

The intergroup comparison was done using Tukey pairwise
Comparisons (Tukey simultaneous tests for differences of means) as
showninTable 2. A statistically significant difference exists between
the CAD/CAM group and injection molded samples (p = 0.000).
Similarly, the intergroup comparison forimpact strength was done
using Tukey pairwise. It was also noted that a statistically significant
difference existed between the CAD/CAM group and injection
molded group (p = 0.000).

Discussion

Polymethacrylate (PMMA) satisfies most of the requirements
of denture base materials in terms of good aesthetics, ease of
processing and reparability, reasonable cost, etc. However, it has
relatively poor resistance to impact and flexural forces that may
affect denture design and longevity.""'? The inferior material
property is attributed to the dimensional distortion and processing
error that occurs during the compression molding technique of
fabrication.? To overcome these drawbacks, newer processing
techniques have been developed. Injection molding technique has
become a popular method of denture processing and the literature
shows superiority in mechanical properties of these denture bases
compared to conventional pressure pack technique.”®

The superior mechanical properties and clinical popularity of
SR-lvocap as compared to other conventional denture base materials,
is the primary reason why it was included as a test sample in this
study.”>"° Digital advancements in denture fabrication and the CAD/
CAM dentures have become a rapidly expanding part of the dental
market for rehabilitating edentulous jaws.'® However, not many
studies have compared CAD/CAM denture bases to injection molded
denture bases. Also, its impact strength has not been evaluated in
the existing literature. Therefore, this study primarily focuses on
the comparison of flexural and impact strengths of the CAD/CAM,
injection molded and conventional compression molded denture
base materials.”” The mean flexural strength was recorded with a
universal testing machine. Three-point bending test is a routinely
used and widely accepted test for assessment of flexural properties,
according to the international standards for polymer materials and
ISO 20795-1 for denture base polymers.’® The standard states that
a minimum of 65 MPa is the desired flexural strength of denture
acrylics.'® By using that criterion, all groups in the present study have
acceptable flexural properties for clinical use.

The mean impact strength in this study was recorded with an
Izod impact tester for the three test groups. Impact strength data
and fracture characteristics depend upon many factors including
material selection, the geometry of the specimen, fabrication
variables, stress concentrations, and position of specimen and
temperature. Stress concentration are the main contributors to
impact failure in dentures which include notches, cuts, depressions,
sharp corners and grooves, rough or textured surfaces, orinclusion
of foreign particles.'

The results demonstrated significant differences in flexural
strength and impact strength amongst the three groups (p < 0.05);
therefore, in disagreement with the null hypothesis. Pacquet et al.
compared the variation in physical properties of denture polymers
fabricated with different techniques.?’ The outcomes of their study
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Table 1: One way ANOVA (analysis of variance) for mean values of flexural and impact strength of test samples

Flexural strength (MPa)

Impact strength (kJ/m?)

Standard deviation  95% confidence

Standard deviation 95% confidence

Sr.no. Group Mean (SD) interval (Cl) Mean (SD) interval (Cl)

1 Group |I—control 74.70 5.02 (71.86,77.53) 8.446 0.937 (7.488, 9.404)

2 Group Ill—injection 84.82 5.30 (81.99, 87.65) 12.684 2.924 (11.725, 13.642)
molding

3 Group IIl—CAD CAM 93.16 5.46 (90.33,95.99) 15.625 2.512 (14.667, 16.584)

Table 2: Tukey pairwise comparisons for flexural strengths (mPa) and impact strengths of test samples (kJ/m?) (Tukey simultaneous tests for

difference of means: intergroup comparisons)

Difference of

Sr. no. Difference of levels means SE of difference ~ 95% CI tvalue Adjusted p value
Flexural strength

1 Control—CAD CAM —18.46 2.01 (—24.08, —12.84) -9.20 0.000

2 Injection molding—CAD CAM —8.34 2.01 (—13.96, —2.72) —-4.16 0.000

3 Injection molding—control 10.12 2.01 (4.50, 15.74) 5.04 0.000

Impact strength

1 Control—CAD CAM -7.179 0.680 (—9.082, —5.276) -10.56 0.000

2 Injection molding—CAD CAM —2.941 0.680 (—4.844, -1.038) —4.33 0.000

3 Injection molding—control 4.238 0.680 (2.335,6.141) 6.24 0.000

and the present study are identical for the range of flexural strength
of the CAD/CAM and injection molding technique PMMA. The
observations of this study are also in agreement with Aguirre et al.
and Al-Dwairi et al., who also found superior flexural and impact
properties of the CAD/CAM resins compared to the conventional
technique.””?! The latter concluded that the CAD/CAM PMMA is
more durable, as confirmed by scanning electron microscopy.?'

Various reasons can be put forth for the differences in results
of test samples such as residual monomer content, degree of
conversion/polymerization, particle size, density, chemical nature
of the polymer, etc. The residual monomer can influence the
flexural strength of denture bases due to its plasticizing properties.’
Given this concept and the high flexural strength of injection
molded specimens in this study, it may be concluded that in these
specimens, the amount of residual monomer was less than that in
the conventional processing technique and the polymerization
was more complete. Also, the good physical and mechanical
properties of the injection molded resin might be attributed to
dual polymerization and small particle sizes.??

The higher flexural and impact strength values of the CAD/
CAM samples in the present study may be correlated to the
higher degree of polymerization, which is one of the major factors
determining resin strength.?* Since, the CAD/CAM resin blocks are
pre-polymerized to a very high degree using equipment more
sophisticated than conventional methods, a highly condensed
resin mass with minimal porosities is achieved. Conversely, this
is why autopolymerizing resins exhibit decreased strength and
density, and higher porosities. Different compositions of the
polymer and monomers also contribute to differences in flexural
and impact strength. Resins that claim to be “high impact” may
disperse rubbery comonomers such as butyl acrylate leading to
higher impact strength. The injection molded material used in
the current study claims to be a high impact. These resins, being
more flexible due to the rubbery matrix; may negatively affect the
flexural strength at the expense of increased impact strength.?
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The current study clearly shows that the CAD/CAM denture
bases have the highest flexural and impact strength of all test
groups. Their clinical performance should provide an edge over
all the other denture base materials and should be a clinician’s first
choice of material and processing technique for denture fabrication.
However, the assessment of maxillomandibular relationships
with CAD/CAM dentures is compromised. Also, the laboratory
setup expenditure and feasibility is still a challenge in our daily
practice. Some of these disadvantages may necessitate remaking
the complete denture at a cost of additional time and expense.
Among denture processing methods, injection molding has always
been interesting for researchers because of the compensation of
polymerization shrinkage due to the pressure exerted by injection
of the acrylic resin.?* Since the feasibility of this technique is higher
than CAD/CAM,, itis widely preferred and commonly recommended
by clinicians in the day-to-day practice. Moreover, the results of
this study show that the physical properties of injection molded
denture bases are closely comparable to CAD/CAM and therefore
can be advocated for routine use over the compression molded
dentures, where the CAD/CAM denture bases may not be possible.

The limitations of the current study were the in vitro nature of
the study and the samples prepared do not replicate the shape of
an actual denture.

CONCLUSION

Within the limitations of the study, it can be concluded that the
CAD/CAM denture bases have the highest flexural and impact
strength as compared to all the test groups. Moreover, the injection
molding improves the flexural and impact strength of denture bases
compared to the conventional PMMA.
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