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MODULUS OF ELASTICITY OF DIFFERENT RESIN DENTURE BASE
MATERIALS: A COMPARATIVE STUDY

A. Eladarosy '"M. Helal ? Y. Baraka *

ABSTRACT

Objective: The objective of this in vitro study was to compare modulus of elasticity of CAD /CAM milled, 3D printed and
flexible pressed resins. Materials and Methods: eighteen rectangular specimens with specific measurement (65mm X 10mm
X 3 mm) were constructed from different resin denture base materials and divided into 3 groups (6 specimens for each group).
Group I contained the CAD/CAM milled resin specimens, Group II contained 3D printed specimens and Group III contained
polyamide flexible resin. The specimens were evaluated by the three-point bending test on universal testing machine INSTRON)
to calculated modulus of elasticity. Data was analyzed with ANOVA and Tukey’s pair-wise post-hoc tests. Results: The modulus
of elasticity values of all groups ranged from 845.5 MPa to 2962.3 MPa. There were significant differences among the tested resin
denture base materials. CAD/CAM milled materials had the highest modulus of elasticity, while the polyamide pressed materials
had the lowest. The 3D-printed acrylics materials had lower modulus of elasticity values than CAD/CAM milled materials.
Conclusion: The CAD/CAM milled and 3D printed denture base resins showed higher modulus of elasticity when evaluated with
polyamide pressed materials.
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INTRODUCTION In recent years, polyamide polymer has attracted
Polymethyl methacrylate (PMMA) has been the consideration as a denture base material. Polyamide

. . resins was suggested as a denture base material in
most common material used for denture fabrication

he 1 @. Th 1 i h
since its introduced in 1937®. It has various advan- the 1950s ese polyamides are created by the

. . condensation reactions among a diamine and a
tages such as an excellent esthetic characteristic, o . o )
. . , dibasic acid ©. Polyamide is a crystalline polymer,
little water sorption, acceptable strength, low toxic- ) ] i )
. . . i . while PMMA is amorphous, this crystalline effect
ity, easy repair, and a simple processing technique. ) .
accounts for the lack in strength coupled with

However, it has some drawbacks such as polymer- .
ductility ©.

ization shrinkage, weak flexural, low impact tough-

ness, and low fatigue resistance. These often lead
to denture failure during chewing or when drop out
from the patient’s hand *%.

Many of these disadvantages of conventional
heat cured denture fabrication can be resolved by the
replacement of computer aided designing, computer
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aided milling and 3D printing technology 7. CAD/
CAM technology has been used for production of
crowns, inlays, fixed bridges, implant abutments,
and other prostheses. It can either involve additive
manufacturing (rapid prototyping) or subtractive
manufacturing (computerized numerical control
machining). Additive manufacturing or 3D printing
uses images from digital file to create an object by
printing the object layer by layer of chosen material.
Subtractive manufacturing uses images from digital
file to create an object by machining (cutting/
milling) to physically remove material to achieve
desired geometry .

There are several expected advantages of current
CAD/CAM milled denture over other commercially
available PMMA polymerization methods. Denture
can be fabricated in only two clinical visits which
profits both patients and clinicians and optimal oc-
clusal scheme can be developed with only minimal
adjustments and a denture can be easily duplicated
as the CAD files are digitally stored also that den-
ture fit is better as the denture base is milled from
prepolymerized block of acrylic resin ®.

A denture base material with a higher modulus
of elasticity can withstand permanent mastication-
induced deformation. Fracture of the upper den-
tures invariably occurs through the midline of the
denture, due to flexure. Therefore, the denture base
should have sufficient flexural modulus to resist
fracture ©.

There is limited available data available about
the modulus of elasticity of different denture base
resins. Hence, the objective of this in-vitro study
was to compare of modulus of elasticity of CAD/
CAM miilled and 3D printed, and pressed denture
base resins.

MATERIALS AND METHODS

Eighteen specimens were fabricated according
to the international standards specifications (ISO
20795-1:2013)"Y for three Point Bend Test. The
specimens were divided into three groups as
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following: Group I: contained six specimens for
CAD-CAM prepolymerized acrylic denture base,
Group II: contained six specimens for 3D printed
denture base resin. Group III: contained six
specimens for flexible denture base resin.

Rectangular specimen with specific measures
(65mm length, 10mm width and 3mm thickness)
was designed using ExoCad software producing
standard tessellation language (STL) file.

For Group I six rectangular shaped specimens
were fabricated as following: The STL file of the
designed virtual specimen was exported to the
CAM milling machine (Ceramill Motion 2; Amann
Girrbach). Then, the Pre-polymerized CAD-CAM
PMMA acrylic plates (Polident d.o.o. Vol¢jaDraga
42, SI-5293 Vol¢jaDraga, Slovenia) were milled.
For Group II six specimens had been fabricated
using additive technique as following; the STL file
of designed specimen was exported to the 3D printer
(Phrozen Shuffle, phrozen, Hsincu city, Taiwan).
The specimens were printed using PMMA (NextDent
Base, Vertex Dental, Soesterberg, Netherlands),
then the specimens were exposed to UV light of
polymerization unit. For Group III six stainless steel
dies with rectangular shaped (65mm length, 10mm
width and 3mm thickness) was constructed and
used for fabrication of six specimens of the flexible
resin material (Bre.Flex second edition, Germany)
using injection molding technique.

Testing the samples for modulus of elasticity:

The modulus of elasticity was obtained from
Universal testing machine (INSTRON, USA.). The
specimens were centered on supports of the universal
loading). While
positioning the specimens on the testing machine,

testing machine (three-point

care was taken that the central loading plunger was
touching the center of the sample (Fig.1). The load
was applied gradually perpendicular to the midpoint
of specimen strips at the crosshead speed of 0.5 mm
/min. The load was applied till maximum capacity
of the three-point testing device was recorded.
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Then load-deflection curves were recorded
by the connected computer software (Bluehill
v1.5; Instron Ltd). From load-deflection curves,
the elastic modulus was calculated according to
following formula": E = FL3%/4Ybd® where E=
Flexural modulus (MPa), F=maximum load (N),
L=span length (65 mm), Y=recorded deflection
when the load is applied at the middle of the beam,
b=specimen width (10 mm), d=specimen thickness
(3mm).

Vs

(& J

FIG (1) The specimen after testing on the universal testing
machine

RESULTS

The which
showing mean values and standard deviation (SD)

informative statistical analysis
of modulus of elasticity results measured in mega
Pascal (MPa) for all tested groups are summarized

in table 1 and graphically drawn in Fig.2

The statistical analysis of modulus of elasticity
of all tested groups showed that the difference
among all tested groups was statistically significant
as indicated by one-way ANOVA test (F=160.72,
P< 0.001).Where; the highest (mean = SD) values
of modulus of elasticity were recorded for the
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CAD/CAM resin (Group I) (2962.3+178.25MPa),
followed by the 3D printed resin (Group II) (1702.8
+161.88MPa). The lowest (mean = SD) value of
modulus of elasticity was recorded with flexible
resin (Group III) (845.5+74.21MPa). Among the
groups; Tukey’s pair-wise post-hoc test showed
statistically significant differences (P< 0.05) among
the groups. Where, the recorded P-value between
CAD/CAM resin (Group I) and 3D print resin
(Group II) was (P < 0.001). While, the recorded
P-value between CAD/CAM resin (Group I) and
flexible resin (Group III) was (P <0.001). However,
the recorded P-value between 3D printed resin
(Group II) and flexible resin (Group III) was
(P<0.001).

TABLE (1) Comparison of modulus of elasticity
results among all tested groups.

ANOVA
Variable Mean SD
F-value P-value
G1 CAD/CAM 296231~ 178.25
G2 3D Printed 1702.81% 161.88 160.72 <0.001
G3 Flexible 845.5Y¢ 7421

Different letter in the same column indicating statisti-

cally significant difference (p< 0.05).
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FIG (2) Column chart of the mean values of impact strength for
all tested groups.



280

DISCUSSION

The modulus of elasticity reflects the material’s
stiffness and rigidity “*'?. Although the flexibility
of the denture base is beneficial in increasing the
absorbed energy before fracture, rigidity of the
denture framework is a prerequisite for the ability
of a denture base to equally distribute forces to
the underlying structures¥ therefore, a higher
flexural modulus (i.e., lower flexibility) is often
advantageous in clinical settings because denture
base materials with high elastic moduli are more
resistant to elastic deformation, allowing the
fabrication of dentures with thinner bases .

The three-point bend test is the most common
method used for measuring modulus of elasticity
of denture base materials adopted by international
standards for polymer materials . The used of
this specification for flexural testing to compare the
modulus of different denture base materials has been
reported in pervious study by Uzun and Hersek 7
and Reis et al.'%!'? Although the sample size for the
three-point bending test were derived from the ISO
20795-1:201349,

According to the results of the present study,
there was statistically significant difference between
the modulus of elasticity of CAD/CAM, 3D printed,
and flexible denture base resins. The CAD/CAM
resin showed a statistically significant higher
modulus of elasticity (2962.3+178.25 MPa) when
compared to the 3D printed resin (1702.8+186.88
MPa) and flex resin (845.5+74.21 MPa).

According to the international standards for
polymer materials and ISO 20795-1 for denture
base polymers .The standard states that the modulus
of elasticity of acrylic resins should achieve no less
than 2000 MPa (9. By using that measures, CAD/
CAM milled in this present study are suitable for
clinical usage, in contrast 3D printed and flexible
resins not appropriate for clinical usage.
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The superiority of elastic modulus in the CAD/
CAM milled resin group may be relevant to the
unique processing method of the CAD/CAM
PMMA pucks in which high temperatures and
pressure values are used for CAD/CAM PMMA
polymerization ¥,

Steinmassl et al, agree with our finding and
reported the superiority related to pure PMMA 9.

Furthermore, the inferior elastic modulus of 3D
printed resin could be related to the processing tech-
nique of 3D printing which could result in an im-
proper bonding between the successive cured layers
and a high amount of residual monomer which act
as plasticizer and air bubbles which is a matter of
concern as it affects the mechanical properties of the
resulted denture ?°-*» There was no prior research to
compare with the current study’s results regarding
the modulus of elasticity of 3D printed resin.

This study exhibited the lowest modulus of
elasticity of polyamide denture base. The lowest
elastic modulus exhibited by polyamide means that
it is less rigid and flexible. This is not surprising as
it is indicated in certain clinical situations where
flexibility is desired and this results may be related
to the polyamide resin has a lower amount of
cross-linking agents and crystalline nature which
increases its flexibility, and a relatively amount
residual monomer content which acts as a plasticizer
when compared to CAD/CAM milled resin which
explains its lowering in flexural modulus 4%,

This was in accord with Lee etal.*® who evaluated
the modulus of elasticity of all thermoplastic denture
base resins and reported that the polyamide denture
base failed to fulfill the requirements of ISO 20795-
1 Type 3, which requires 2000 MPa of modulus of
elasticity. Also Takabayashi et al.* compared some
characteristics of six thermoplastic denture resin
materials. In this study the modulus of elasticity of
polyamide type materials were lower than what was
required according to the ISO standard.
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CONCLUSION

Within limitation of this investigation, it can be

concluded that, CAD/CAM milled and 3D printed
denture base resins showed higher modulus of

elasticity when compared with injected molded

flexible resin.
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