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Abstract

Purpose: The purpose of this study was to evaluate and compare the flexural strength and microhardness
of provisional restorative materials fabricated utilizing rapid prototyping (RP), Computer Assisted Designing
and Computer Assisted Milling (CAD-CAM) and conventional method.

Materials and Methods: Twenty specimens of dimensions 25 mm X 2 mm X 2 mm (ADA-ANSI specification
#27) were fabricated each using: (1) Three dimensional (3D) printed light-cured micro-hybrid filled composite
by RP resin group, (2) a milled polymethyl methacrylate (CH) using CAD-CAM (CC resin group), and (3) a
conventionally fabricated heat activated polymerized CH resin group. Flexural strength and microhardness
were measured and values obtained were evaluated.

Results: The measured mean flexural strength values (MegaPascals) were 79.54 (RP resin group), 104.20 (CC
resin group), and 95.58 (CH resin group). The measured mean microhardness values (Knoop hardness
number) were 32.77 (RP resin group), 25.33 (CC resin group), and 27.36 (CH resin group). The analysis
of variance (ANOVA) test shows that there is statistically significant difference in the flexural strength
values of the three groups (P < 0.05). According to the pairwise comparison of Tukey’s honest significant
difference (HSD) test, flexural strength values of CC resin group and CH resin group were higher and
statistically significant than those of the RP resin group (P < 0.05). However, there was no significant
difference between flexural strength values of CC resin and CH resin group (P = 0.64). The difference in
microhardness values of the three groups was statistically significant according to ANOVA as well as the
intergroup comparison done using the Tukey’s HSD (post hoc) test (P < 0.05).

Conclusions: CC-based CH had the highest flexural strength whereas RP-based 3D printed and light cured
micro-hybrid filled composite had the highest microhardness.
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INTRODUCTION

Provisional fixed dental prostheses (FDPS) are an integral
part of fixed prosthodontics and dental implantology.
The provisional FDPs must satisty the requirements of
pulpal protection, periodontal health, occlusal compatibility,
maintaining tooth position, protection against fracture,
resistance to functional loads, resistance to removal forces,
maintaining inter-abutment alignment, be easily contourable,
color stable, and have sufficient translucency. The uses of a
provisional FDP are diagnostic purpose when the functional,
occlusal and esthetic parameters are to be developed to identify
an optimum treatment outcome before the completion of the
definitive prosthesis, providing a template for defining tooth
contour, esthetics, proximal contacts, and occlusion. It can also
provide an important tool for the psychological management
of patients until the final restorations are cemented."

Conventionally, various methods and materials have been
introduced to provide a provisional restoration that is esthetic,
easy to fabricate, most importantly having a high strength and
hardness. These materials for the fabrication of single and
multiple unit provisional restorations are mostly resin based.
They differ with regard to the method of polymerization,
filler composition, and monomer type.m These materials
includel® poly(methyl rnethacrylate) (PMMA), poly
(ethyl methacrylate), polyvinyl(ethylmethacrylate), bisphenol
A gycidyl methacrylate, bis-acryl resin composites, urethane
di-methacrylate resins, etc.

Computer-Assisted Designing and Computer-Assisted
Milling (CAD-CAM) was first used in dentistry in the 1970s.
CAD-CAM (CC) has now become a well-accepted technology
in most modern dental laboratories and for some enterprising
clinicians at the chairside.*! CC, i.e., subtractive technologies
have emerged during the recent years for various applications
including provisional restorations fabricated by milling the
resin-based blanks which are cured under optimal conditions.
Not only do they exhibit increased mechanical strength and
prevent porosity within the restorations but also have reduced
the chairside time.

In addition to subtractive methods, additive manufacturing
is also an emerging technology. Additive manufacturing is
defined by the American Society for Testing and Materials
as the process of joining materials to make objects from
three dimensional (3D) model data, usually layer upon layer,
as opposed to subtractive manufacturing methodologies. In
principle, the process works by taking a 3D computer file and
creating a series of cross-sectional slices. Each slice is then
printed one on top of the other to create the 3D objects.
While using this technology for resins, a concentrated beam of

ultraviolet (UV) light is focused onto the surface of a platforrn
filled with liquid photopolyrner and as the light beam draws
the object onto the surface of the liquid, each time a layer of
resin is polymerized. One attractive feature of this process is
that there is no wastage of the material. Traditionally additive
manufacturing processes were first used in the 1980s to
manufacture prototypes, models, and casting patterns. Thus,
it has its origins in rapid prototyping (RP), which is the name
given to the rapid production of models using additive layer
manufacturing.*!

RP is being used in dentistry for a range of dental specialties,
including oral and maxillofacial prosthodontics and dental
implantology. It is used to fabricate physical models, surgical
guides, extraoral maxillofacial prostheses, and recently in fixed
Prosthodontics for long—term provisional FDPs. It is claimed
by the manufacturers to have better mechanical properties and
esthetics compared to its conventionally fabricated counterparts
which need to be further verified.

In choosing a provisional restorative resin material, the clinicians
select a product based on factors that include clinically
desirability, adequate working time, ease of mix and repair,
biocompatibility with the pulp and soft tissue, dimensional
stability during and after fabrication, shade selection, and
color stability.”) Understanding the mechanical properties is
necessary to evaluate these newer technologies that are coming
to the market, verify the manufacturers’ claims and further
compared with conventional ones to obtain an optimum
material and a suitable technique for long-term provisional
FDPs. Thus, various mechanical properties such as flexural
strength, hardness, impact strength, and color stability become
extremely important. The flexural strength and microhardness
of provisional materials are important, particularly when the
patient must use the provisional restoration for an extended
period, when the patient exhibits parafunctional habits or when
long-span prostheses are planned."®

Most of the studies on flexural strength and microhardness
of provisional restorative materials which have been done so
far are comparing different commercial materials and/or those
materials with reinforcements such as polyethylene, glass, nylon,
and carbon. There is a scarcity of literature on determination
of properties of provisional restorative materials fabricated by
those utilizing the recent technologies of CC and RP.

Thus, in this study, mechanical properties such as flexural
strength and microhardness of different provisional restorative
materials used to fabricate provisional FDPs utilizing the
following methods will be evaluated:

¢ Conventional method using heat activated PMMA

e CC milling of PMMA blanks (subtractive method)

The Journal of Indian Prosthodontic Society | Oct-Dec 2016 | Vol 16 | Issue 4 329



Digholkar, et al.: Flexural strength and microhardness of provisional crown and bridge materials

* RP a visible light cure Microhybrid filled composite
resin (3D printing and additive method).

MATERIALS AND METHODS

Twenty specimens of each group of dimensions,
25 mm X 2 mm X 2 mm (ADA-ANSI speciﬁcation #27)6]
were fabricated using each of the above-mentioned fabrication
processes. To fabricate the sarnples for the CC resin group
and the RP resin group, the specimens were designed as per
the dimensions using the CAD software and computer file in
STL (stereolithography/ standard tessellation language) format
was prepared and kept ready to be utilized by the respective
units for milling and 3D printing.

PREPARATION OF SPECIMENS

Conventional heat activated resin specimens

In order to prepare the final specimens for polymethyl
methacrylate (CH) group, the intermediate specimens were
prepared with pattern resin (GC Corporation, Japan) in the
machined brass mold. Further, these pattern resin specimens
were invested in conventional flasks and the conventional
PMMA test specimens were fabricated using the compression
molding technique.

Computer-Assisted Designing and Computer-Assisted
Milling specimens

In this study, Ceramill TEMP (AmannGirrbach,
AQG, Austria) PMMA resin blanks (IOO% by weight,
polymethylmethacrylate) were used to fabricate specimens
for the CC group. The computer file in STL format
was transferred to Ceramill Mind (CAD program), and
the specimens were transferred to the milling unit. The
specimens were milled in two prepolymerized PMMA blanks
(Ceramill TEMP) of the shade A2. Conventional cutters,
trimmers were used for ﬁnishing and polishing within the
milling machine.

Rapid prototyping (three dimensional printing)
specimens

Envision TEC’s E-Dent 100 is a light-cured micro-hybrid
filled dental crown and bridge material for long-term
temporization. Provisionals are photopolymerized on a
voxel by voxel basis within the liquid resin. Envision TECs
Perfactory® 4 Standard 3D Printer was used to fabricate
the RP (3D printing) specimens. In principle, the process
works by using a 3D computer file and creating a series of
cross-sectional slices. Each slice is printed one on top of
the other to create the 3D object. The process is repeated
to form the entire layer of specimen, until the specimens as

designed are produced.

TESTING OF SPECIMENS

Flexural strength determination

A UniversalTesting Machine (StarTesting System, India. Model
No. STS 248) was utilized for this study and a three-point
loading system was used for the application of load and all
the sixty specimens of the three groups were subjected to the
three-point bending test. The load was applied at a crosshead
speed of 3 mm/min, over a distance of 20 mm, the loading
was continued till fracture occurred and the breaking load was
noted. These breaking load values were converted to flexural
strength (0) using the following formula:

0 =3FL/2bd2,

where,

6 = Flexural strength

F = Load (force) at the fracture point
L = length of the support span

b = Width of specimen

d =Thickness of the specimen

The flexural strength values obtained were in MegaPascals (MPa)
by the software, provided along with the machine.

Microhardness testing

The fractured specimens were used to determine the surface
hardness. The fractured specimens were embedded in acrylic
resin for the same as a measure to secure the specimens in
place for microhardness testing. A microhardness tester
(Reichert Austria, Serial No. 363798) was utilized for the
same. Surface hardness was determined by loading each
specimen for 1S5 s with a force of 50 g, after mounting it on
the microhardness tester. A rhomboid—shaped indentation was
obtained on each specimen and its tmage was transferred to
the computer monitor with the help of a microscope present
along with the microhardness tester. The longest diagonal of
the diamond indentation was marked and Vickers hardness
number was calculated with the help of the software. It was
then converted to Knoop hardness number (KHN) with the
help of the software itself.

Statistical analysis

Data obtained were compiled on MS-Excel sheet. Mean
and standard deviation (SD) readings were calculated.
Statistical tests were performed using SPSS Software
Version 17.0 (Chicago, IL, USA). Intergroup comparison of
flexural strength and microhardness values was done using
one-way analysis of variance (ANOVA) and pairwise post

hoc comparison was done using Tukey’s honest significant
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difference (HSD) post hoc test. P < 0.05 was considered to
be statistically signiﬁcant.

RESULTS

The flexural strength and microhardness were recorded for each
specimen. This raw data of the values obtained were compiled
on MS-Excel sheet to get the mean and SD. The data were then
statistically analyzed.

The mean and SDs were determined for the three groups:
CH resin, CC resin, and RP resin [Table I]. P value was
set as statistically significant at P = 0.0S. Intergroup
comparison was done using one-way ANOVA [Table 2]. The
pairwise comparison was done using Tukey’s HSD post hoc
test [ Table 3]. The results were analyzed using software package
SPSS Version 17.0 (Chicago, IL, USA).

The mean flexural strength values in CC resin group
(104.20 MPa) were higher compared to the specimens of CH
resin group (95.58 MPa) and RP resin group (79.54 MPa).
The ANOVA Test shows that there is statistically significant
difference in the flexural strength values of the three
groups (P < 0.05). However, according to the pairwise
comparison of Tukey’s HSD test, flexural strength values of CC
resin group and CH resin group wete higher and statisticaHy
significant than those of the RP resin group (P < 0.05).
However, there was no significant difference between flexural

strength values of CC resin and CH resin group (P = 0.64).

RP resin group showed the highest microhardness values
at the surface (32.76 KHN) followed by CH resin group
(27.37 KHN) and CC resin group (25.33 KHN). The
difference in microhardness values of the three groups was

statistically significant according to ANOVA as well as the

Table 1: Mean and standard deviation values of flexural
strength and microhardness of the three groups

Groups Flexural strength Microhardness
Mean (MPa) SD Mean (KHN) SD
CH resin 95.58 12.444 27.36 0.535
CC resin 104.20 12.777 25.33 0.900
RP resin 79.54 10.130 32.77 1.361

KHN: Knoop hardness number, SD: Standard deviation, MPa: Megapascal,
RP: Rapid prototyping, CH: Polymethyl methacrylate, CC: CAD-CAM,
CAD-CAM: Computer-aided designing and computer-aided machining

intergroup comparison done using the Tukey’s HSD (post hoc)
test (P <0.05).

DISCUSSION

Provisional FDPs are essential components of fixed
prosthodontic treatment. Provisional restorations must
satisfy biologic, esthetic, and mechanical requirements such
as resistance to functional loads, resistance to removal forces,
and maintenance of abutment alignment.” There are a number
of materials available for provisional FDPs. The majority of
these materials can fit into two main categories based on their
composition: (1)) Methyl methacrylate resins and (2) composite

237] Traditional methyl methacrylate type resins are

resins.|
mono-functional low molecular weight, linear molecules that
exhibit decreased strength and rigidity whereas composite
resins are di-functional and capable of cross-linking with
another monomer chain imparting strength and toughness to
the material.l®) There is not a single material or method that
has been found to be useful in all clinical situations, so it is
important to know the properties of the material in order
to know the limitations and indications/contraindications
for their clinical use for extended periods of time. One such
property is flexural strength and the other is microhardness."’
If the provisional FDPs are expected to function for extended
periods of time or when additional therapy is required before
completion of definitive treatment viz. during the prosthetic
phase of dental irnplants and reconstructive procedures, while
evaluation of a change in vertical dimension, for orthodontic
stabilization, in case of assessing the results of periodontal and
endodontic therapies and in cases of bruxism, the improved
mechanical properties play an important role. "%

In case of prosthetic phase of dental implants, longer treatment
times and the necessity for addressing tissue contour issues
before definitive treatment dictate techniques that would
provide more durability. Management involving indirect
fabrication of acrylic resin provisional restorations for increased
polymerization and reinforcement can be done with assorted
types of methods and materials."

Heat-activated acrylic resin is inherently stronger, has greater
stability, and is more resistant to polymer breakdown than

Table 2: Intergroup comparison of flexural strength and microhardness using one-way analysis of variance

Test Source of Sum of squares df Mean square F Significance
variation

Flexural Strength Between groups 6264.925 2 3132.462 22.337 0.000
Within groups 7993.304 57 140.233
Total 4258.229 59

Microhardness Between groups 590.266 2 295.133 300.342 0.000
Within groups 56.011 57 0.983
Total 646.277 59

Significant: P<0.05
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Table 3: Pairwise comparison using Tukey’s honest significant
difference test (post hoc)

Dependent Groups Group (J) I-) SE Significance
variable
Flexural strength RP CH —-16.043* 3.745 0.000
cC -24.660* 3.745 0.000
CH RP 16.043* 3.745 0.000
CcC -8.617 3.745 0.064
CcC RP 24.660* 3.745 0.000
CH 8.617  3.745 0.064
Microhardness RP CH 5.401* 0.313 0.000
cC 7.433* 0.313 0.000
CH RP -5.401* 0.313 0.000
cC 2.031* 0.313 0.000
cC RP -7.433* 0.313 0.000
CH -2.031* 0.313 0.000

*The mean difference is significant at the 0.05 level, Significant: P<0.05.
SE: Standard error, RP: Rapid prototyping, CH: Polymethyl methacrylate,
CC: CAD-CAM, CAD-CAM: Computer-aided designing and computer-aided
machining

autopolymerized resin.”*! It also has the advantages of color
stability, maintenance of surface finish, and resistance to wear.*
Provisional restorations fabricated from heat-processed acrylic
resin can function satisfactorily for extended periods of time.!'"’

Rekow!'?! reviewed the CC systems used in dentistry and
proposed its use for provisionalization. Manufacturing under
industrial conditions permits high—density polymer—based
restorations which offer favorable mechanical behavior and
biocompatibility.[”] These CC restorations also reduce the chair
side time of the patient.'* In addition, according to Rocca
et al., /"l it is over the last two decades that the CC technique
has evolved. Hardware has become less expensive, software is
easier to use, fabrication is faster, and the milled restorations
are more accurate in terms of anatomic form, marginal fit,
and occlusal/ interproximal contacts. Thus, the CC approach
is becoming more popular for the fabrication of tooth-colored
indirect restorations. ']

Moreover, the location, shape, and extension of the pontics
over the soft tissue of the residual ridge could be determined
Virtually. In addition, in situations where a fracture of the
provisional restoration occurs, the dataset will be available
for a second milling process. Furthermore, the shape of
the restoration can be simulated for the fabrication of the
definitive prosthesis. The customized provisional restoration
could be scanned after a prolonged clinical acceptance
and digitally transferred into a definitive restoration. This
facilitates the precise transfer of the contour of the provisional
into a definitive restoration and in turn will result in higher
predictability for the definitive restorations./"!

CC milling of PMMA blanks (subtractive method) has been

used for the fabrication of provisional FDPs since past few

years.[l(’l However, RP (3D printing and additive method) is

an emerging technology for the same. It basically produces
solid layers using a concentrated UV light beam that moves
on a photosensitive liquid polymer resin placed on a platform.
As the first layer is polymerized, the platform is lowered a few
microns and the next layer is cured. This process is repeated
until the whole solid object is completed. The object is then
rinsed with a solvent and placed in a UV oven to thoroughly

cure the resin.[!7]

RP (3D printing) has been used in the past for various
applications viz. fabrication of maxillofacial prosthesis,'”!*
making complete dentures,['”) crowns, bridges and/or

[20

copings/resin patterns for the same*”’ and making dental

17,21-23

casts models, ] surgical templates for guided surgery of

implants,[”'“l and fabrication of patterns for Cast Partial

Dentures (CPD),*#172023) and post and core.”?/ But, apart
from these, there is little literature on its application for
PP

provisional FDPs.

Provisional FDPs should resist wear to help maintain the
position of prepared teeth and meet the esthetic needs of the
patient. Microhardness can be used as an indicator of density,
and it can be hypothesized that a denser material would be more
resistant to wear and surface deterioration. Resins without fillers
such as PMMA are also more prone to wear however absence
of fillers and absence of polarity due to the mono-functional
nature of the molecules render them more color stable.’!
The surface hardness of a material is a cornplex mechanical
property affected by several other properties, including strength,
proportional limit, ductility, malleability, and resistance to
abrasion and cutting. However, surface hardness alone is
not an indicator of overall rigidity and strength and cannot
predict the clinical behavior of long-span prostheses as quoted
by Diaz-Arnold et al! Apart from that higher the hardness
value, denser the material and lesser is the tendency to absorb
bacterial plaque.’*

In case of long term use of provisional FDPs such as in full
mouth rehabilitation, in unforeseen events such as laboratory
delays, nonavailability of patient, and in the restorative phase of
irnplant therapy, the strength of a material can be a determinant
of how well these requirements are met. Flexural strength, also
known as transverse strength, is a measurement of the strength
of abar (supported at each end) under a static load. The flexural
strength test is a combination of tensile and compressive
strength tests and includes elements of proportional limit
and elastic modulus measurements. The flexural strength of
provisional materials is important, particularly when the patient
must use the provisional restoration for an extended period,
when the patient exhibits parafunctional habits or when a
long span prosthesis is planned.”) Strength is also said to be
particularly critical for anterior fixed partial dentures because
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fracture can cause embarrassment and inconvenience fOf the

patient.[33]

Thus, keeping in mind the Iong—term FDPs, this study was
done to evaluate the effect of manufacturing technique and
material of provisional FDPs on mechanical properties like
flexural strength and hardness, which were fabricated using:

*  Conventional indirect method using heat activated PMMA
*  CC milling of PMMA blanks (subtractive method)

* RP of micro-hybrid filled visible light-cured composite

resin (3D printing and additive method).

The results of this study indicated that the mean flexural
strength values of CC resin group (104.2 MPa) were the
highest, followed by the specimens of CH resin group
(95.58 MPa) and RP resin group (79.54 Mpa), respectively‘
Flexural strength values of CC resin group and CH resin group
were higher and statistically significant than those of the RP
resin group (P < 0.05). However, there was no statistically
significant difference between flexural strength values of CC

resin and CH resin group (P = 0.64).

The material used for CC miﬂing in this study, Ceramill TEMP,
is a cross-linked polymer of PMMA resin. The cross-linking
consists of methacrylic acid ester-based polymers. According to
Edelhoff et al," these high-density polymers based on highly
cross-linked resins are manufactured in an industrial process,
thus, exhibiting superior qualities. These findings are similar
to the research conducted by Alt et al,B* who investigated the
influence of fabrication method, storage condition, and use
of different materials, on the fracture strength of provisional
3-unit FDPs using CC technologies and resin-based blanks
cured under optimal conditions. They concluded that CC
specimens exhibited increased mechanical strength and had less
porosity within the restoration. Thus, it can be proposed that it
was due to these optimal curing conditions, the CC specimens

showed the highest flexural strength in this study.

A product made by RP is influenced by the technique of
fabrication utilized. The technique can cause shrinkage
of the specimen during building, postcuring and due to
minimal thickness of layers. In addition, data conversion and
manipulation while formatting into an STL format could also
result in some changes.'”* Therefore, it can be postulated that
RP resin group has lesser flexural strength than CC resin group.

Conventional methacrylate resins are mono-functional,
low-molecular weight, and linear molecules that exhibit
decreased strength and rigidity. In addition, if they are not
polymerized under pressure, air bubbles will be trapped
and decrease their strength. The strength of the material,
polymerization shrinkage, and other properties also depend on

the residual monomer content.** Moreover, the conventional
heat activated specimens were made by the same operator
according to the manufacturers’ instructions, but the
samples were prepared at different time intervals. Therefore,
operator related variations and absence of cross-linking in
the conventional heat activated resin could have led to lesser
flexural strength values in these specimens when compared to
the CC resin specimens.

Haselton et al,'*) who compared the flexural strength of
tive PMMA-based and eight bis-acryl-based provisional
restorative materials after conditioning in artificial saliva, had
contradictory findings‘They concluded that the highest flexural
strength values were found among bis-acryl type material. There
was no correlation between the flexural strength of different
provisional restorative materials when immersed in artificial

saliva. However, some bis-acryl resins reported lesser strength

than PMMA.[©

Apart from flexural strength, the microhardness of provisional
FDPs was evaluated in this study. The RP resin group showed
the highest microhardness values at the surface (32.8 KHN)
followed by CH resin group (27.5 KHN) and CC resin

group (25.6 KHN). The difference in microhardness of the
three groups was statistically significant (P < 0.05).

The composite resins contain multifunctional cross-linked
monomers and other inorganic fillers which are said to increase

the hardness of these resins compared to PMMA.BY

The findings of this study were also similar to the result
obtained by Diaz-Arnold et al® who found out that all
composite resin materials exhibited superior microhardness
over the traditional methyl methacrylate resins throughout
a I4-day interval of investigation. According to them, these
resins contain INOrganic fillers to increase their resistance to
abrasion and decrease polymerization shrinkage in comparison

to PMMA material used in the other groups.

In India, the CC and 3D printed temporization are being used
and the economics is improving with the passage of time,

making these technologies relevant in present time and age.

CONCLUSION

Within the limitations of this in vitro study, and on the basis

of the results obtained, it can be concluded that:

* CC resin group specimens exhibited highest flexural
strength values followed by CH resin group and RP resin
group

*  The flexural strength values of all the groups were higher
than minimal acceptabie flexural strength of provisional
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FDP materials which is 50 MPa, according to ADA-ANSI
speciﬁcation H27
*  RP resin group exhibited highest microhardness values

followed by CH resin group and CC resin group.

It may be further concluded that:
*  When the strength of the provisional FDPs is a prime

concern in long term and Iong span conditions, provisional
FDPs fabricated by CcC miﬂing of the PMMA blanks may
be used

e In situations which advocate maintenance of vertical
dimension and wear resistance, provisional FDPs
fabricated using RP (3D printed) of a visible light cured
micro—hybrid filled composite may be considered

e CC and RP showed the highest flexural strength and
microhardness values, respectively. However, heat activated
PMMA may be a comparable option to the newer
techniques and materials.
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