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ABSTRACT

Background: Polymethyl methacrylate (PMMA) resin is one of the widely used industrial polymeric materials in prosthodontics.
At present with the progress of technology, computer-aided design and computer-aided manufacturing (CAD/CAM) is successfully
employed on a great scale in prosthodontics. The current research evaluated in vitro the chemical composition of CAD/CAM as
denture base material by using Fourier Transform Infrared (FTIR) spectroscopic quantitative analysis and likewise the
biocompatibility for clinical usage. Materials and methods: Forty specimens were prepared and divided into two groups of 20
each, group A was made of heat polymerized PMMA, while group B was fabricated from CAD/CAM blocks. The test specimens of
the groups (A and B) were subdivided into 2 subgroups, each of 10 (A1, A2 and B1, B2). The subgroup test specimens of (A1, B1
and A2, B2) were prepared with standardized disc shape of dimensions (25mm diameter and 3mm thickness) to evaluate the
chemical composition by using (FTIR) and the cytotoxicity by cell viability and live/dead staining. Results: The infra-red spectra
analysis of subgroup (B1) revealed that there was a three-transmission peak and there was a significant change observed between
subgroups (B1 and A1) that concluded there is an internal difference in the structure of both subgroups. The survival cell rate
percentage of hMSCs of subgroup (A2, B2) and -ve control group after 24hrs of incubation period represented no statistical
difference. Live cells observed in the control as well as the treatment subgroups (A2and B2) with retained polyanionic dye calcein,
presented an intense green fluorescence with no morphological changes and no evidence of increasing cell death because the
number of cells emitting red fluorescence that penetrate the cell membrane by EthD-1 was not altered. Conclusion: FTIR
spectroscopy analysis indicated the presence of very small amount of residual monomer in CAD/CAM denture base material that
was nearly at the same level of heat polymerized type with no significant difference. To detect the cytotoxic effect of residual
monomer, two sensitive methods of cell viability were used to distinguish the biocompatibility. Both tests revealed that the tested
groups displayed no cytotoxic effect on the viability of hMSCs after 24hrs incubation period.

Keywords: Acrylic resin denture base, CAD/CAM denture base, Cell viability, Cytotoxicity assay, FTIR spectroscopy
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INTRODUCTION

Polymethyl methacrylate (PMMA) resin is one of the widely used industrial polymeric materials not only in dentistry
but also in biomaterials. It is used in the construction of denture bases, owing to their worthy aesthetics, easy
processing, and comparative simplicity of repair [1, 2]. However, inadequate mechanical properties render this
material with some limitation on applications [3].

In spite of the improvements in the physical properties of PMMA over the years, they were subjected to certain
criticism such as volumetric shrinkage. The presence of residual methyl methacrylate monomer and low impact
strength which allow acrylic resin dentures to fracture [4,5]. PMMA denture base takes up saliva and water, which
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move slowly into tiny pores inside the denture prompting reduction in mechanical properties of the material thus
increasing the surface roughness and producing an unpleasant odor [6].

At present with the progress of technology, computer-aided design and computer-aided manufacturing (CAD/CAM)
are successfully employed on a great scale in dentistry. It has been used for the fabrication of inlays, crowns, fixed
partial dentures, implant abutments/structure and maxillofacial prostheses. CAD/CAM system lately has become
commercially obtainable for fabrication of complete dentures and is considered as an alternative to conventionally
processed acrylic resin denture bases [7].

CAD/CAM denture system is an innovative method for construction of removable prostheses. It is composed of blocks
of pre-polymerized denture base material supplied as resin block for milling of denture base. It eliminates the need for
the wax; flasks boil tanks, packing presses and heat processing units required for conventional denture construction.
The fabrication of the denture base by CAD/CAM provides superior fit and strength when compared to conventionally
processed bases. Moreover, it undergoes no polymerization shrinkage, contains less residual monomer and is more
hydrophobic [8, 9].

Variations in the components, structure and the clarity level of the existing resins in the market, the monomer
conversion rate and manipulative variables may affect the toxicity of the resins [10, 11]. In general, polymeric
CAD/CAM materials contain a polymeric matrix that is reinforced by inorganic, organic or composite fillers.
CAD/CAM resin blocks are industrially polymerized under standardized parameters at high temperature and pressure
to guarantee that the microstructure and the mechanical properties of the resin blocks display continuous excellence.
Its industry is based on renewable resources [12, 13, 14].

Quantitative analysis of CAD/CAM material has been the topic of many studies. Infrared (IR) radiation is a
noninvasive and nondestructive type of radiation and it causes the vibration of the covalent bonds of molecules when
absorbed. Fourier transform infrared (FTIR) spectroscopy is a widely-used and preferred method of IR spectroscopy
due to its speed and sensitivity [15]. Although biological safety of CAD/CAM material from various manufactures
has been approved for clinical usage, there is a little information given on the chemical composition of CAD/CAM as
denture base material system that is kept undisclosed. Therefore, the aim of the present study was to evaluate in vitro
the chemical composition of CAD/CAM as denture base material by using Fourier Transform Infrared (FTIR)
spectroscopic quantitative analysis and likewise to evaluate the biocompatibility of this material for clinical usage.

MATERIALS AND METHODS

Preparation of the specimens

Forty specimens of two different denture base materials were prepared in this study. The denture base materials used
in this study were heat polymerized acrylic resin (group A included 20 specimens, PMMA, vertex RS Dentimex
Netherlands) and cadlcam acrylic resin material (group B included 20 specimens, Polidentd.o.0. Vol¢jaDraga 42, Sl-
5293 Vol¢jaDraga, Slovenia), and the test specimens of groups (A and B) were subdivided into two, each of 10 (A1,
A2 and B1, B2).

The subgroup test specimens of (A1, Bland A2, B2) were prepared with standardized disc shape of dimensions (25mm
diameter and 3 mm thickness) to evaluate chemical composition of denture base material by using Fourier Transform
Infrared Spectroscopy (FTIR) and also the cytotoxicity of these denture base materials.

The specimens of subgroup (Al and A2) were made from heat polymerized Polymethylmethacrylate acrylic resin. A
metal mold made of steel was used to pour a wax pattern. Wax patterns were flasked, dewaxed and packed by using
heatpolymerized acrylic resin. Heat polymerized acrylic resin was mixed in accordance with the manufacturer’s
instructions and placed in the prepared mold and packed in the metal flask. Acrylic resin specimens were processed
for 9 hours in water bath and kept at a constant temperature of 165°F (73.5°C). Conventional cutters, trimmers were
used for finishing and polishing. Subgroup (Bl and B2) test specimens were prepared from Computer-Assisted
Designing (CAD) and Computer-Assisted Milling (CAM) polymerized acrylic resin block denture base material.
Polymerized block of CAD/CAM acrylic resin denture base material was cut into the standardized dimensions, with
a diamond disk (Isomet, Buehler, USA) under water irrigation. The specimens were finished and highly polished using
a polishing machine (1000 grt.) under a water cooling system. The polished specimens were stored in distilled water
at 370C for 24 hours.
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Fourier transform Infrared spectrophotometer (FTIR) (GroupAl, B1):

An infrared spectroscopy (Shimadzu, IRspectrophotometer-8400S, Kyoto, Japan) was used for analyzing the
polymerized specimens of group (Al and B1). The specimens were ground with 10 times of its bulk of pure potassium
bromide (KBr). The mixture of KBrpowder was pressed into a disk using special mold and hydraulic press of the
apparatus. The disk specimens were placed on magnetic sheet. The beam enters the sample compartment where it was
transmitted through the surface of the sample. The beam finely passed to the detector for final measurement. The
detector was designed to measure the special interferogram signal that digitized and sent to the computer where the
Fourier transformation takes place. The final IR spectra were collected on a Fourier Transform Infrared (FTIR), using
a software program IR solution.

Cytotoxicity assay (Group A2, B2):

Cell treatment

Discs samples of subgroup (A2 and B2) acrylic resin was rinsed in complete culture media for 72 hours to get an
extract of the above-mentioned resins and then the media was sterile-filtered before use. Human mesenchymal stem
cells (hMSCs) were seeded at 3.5x 104in 35 mm petri dishes and incubated before treatment for 24 hrs. Cells were
cultured in the media extract of subgroup (A2) and subgroup (B2) acrylic resin for 72 hrs. Cells cultured in complete
culture media served as the negative control.

Cell viability and metabolic activity of cells

To determine whether subgroup (A2) or subgroup (B2) acrylic resin affected cell growth in culture, cellular
proliferation experiments were performed with WST-1 assay kit (Roche Diagnostics, Mannheim, Germany) according
to the hMSCs’ manufacturer’s instructions. In brief, cells were seeded at a density of 3.5x104 on a 35 mm Petri dish
in complete culture medium for 24 hrs. Next day, the cells were treated with the media extract of either heat
polymerized or CAD/CAM acrylic resin for 3 days. For measurements, the medium was replaced by fresh medium
supplemented with WST-1 reagent added directly into the incubation media (diluted 1:10 with culture media). After
4 hours of incubating the cells at 37°C in 5%, CO2to form purple formazan crystals, 150 puL of the mixture were
transferred into a 96-well culture plate in triplicates. The optical absorbance of the supernatants was determined at
450 nm against a reference wavelength of 620 nm usingMultiskan FC microplate plate reader (ThermoScientific,
Massachusetts, USA). The resulting dye was directly correlated with the number of metabolically active cells in the
culture. Each plate contained blanks, control and experimental subgroups (A2 and B2) with three replicates each. The
blank absorbance was subtracted from those of the sample wells. Cytotoxicity of the compounds was expressed as
percentage cell viability compared to controls. The absorbance of cells exposed to normal culture media (negative
controls) was taken as 100% cell viability.

Live/Dead Staining

Cell viability was assessed by staining the cells with Calcein-AM/EthD-I11 using Live/Dead fluorescent Cell Staining
Kit Il (Promokine, PK-CA707-30002) according to the manufacturer's protocol. In brief, cells were cultured in 35 mm
petri dishes (3.5x104 cell/well) for 24 hrs to allow attachment. Cells were then treated with media extract of either
subgroup (A2) or subgroup (B2) acrylic resin for 3 days. The cells were washed twice with PBS (phosphate buffered
saline) and sufficient volume of Calcein-AM/EthD-I1I staining solution was added to cover the cell monolayer. The
cells were incubated for 30-45 minutes at room temperature protected from light. The samples were then observed
under the fluorescent microscope (AxioObserver Z1; Zeiss, Oberkochen, Germany). The experiment was repeated
three times from two different cell lots.

Statistical Analysis:

All statistical analysis was performed using the Statistical Package for Social Science (SPSS) version 20 (IBMCorp.,
Armonk, NY). Descriptive statistics as means and standard deviations were used. For normally distributed data,
comparison between the means of the survival cell rate percentage of hMSCs after 24hrs of incubation period was
subjected to analysis of two way (ANOVA).

RESULTS

Fourier transform Infrared spectrophotometer (FTIR) analysis:
Infrared spectra analysis displayed several peaks of subgroup (Aland B1), the transmission spectra were recorded in
the range 0f500-4000 cmand serve as a direct means for the identification of the function group on the surface.
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Table 1. FTIR characterization of subgroup (Al) and (B1)

Subgroup (A1l):PMMA

Peak (wave Length)

Assignments

Functional group

3454.62 O-H& N-H Alcohol &phenols or Amine
2972.40 C-H &0-H Carboxylic acid

1734.06 C=0& C-0 Aldehydes & carboxylic acid
1456.30 CH2 Alkanes

1190.12 C-0 Alcohol

Subgroup (B1): CAD\CAM

3439.19 O-H Alcohol & phenols or Amines
2953.12 C-H &0-H Carboxylic acid
1734.06 C=0&C-0 Aldehydes
Carboxylic acid

1626.05 C=C Alkenes
1462.09 -CH2 Alkanes
1261.49 - 1151.54 C-0 Alcohol

C=0 Ketones
976.01 C-0 Anhydriedes
839.06 C-H Aromatic
754.19 C-CL Alkylhalides
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Fig. 1. FTIR of subgroup Al and B1

Figure (1) and table (1) represented the following:
The transmission peak at 2972.4 cm is characteristic for C-H (methylene) & O-H. It is sharp and strong peak in
subgroup (B1), while in subgroup (A1) the same peak 2953.12 cm™ displayed a medium intensity peak.
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The transmission peak at1734.06 cm™ is characteristic for C=0 (ester carbonyl) stretching vibration, strong broad
band in subgroup (B1) and changed to medium peak in subgroup (Al).

The peak of 1626.05 cm™* for C=C (carbon-to-carbon double bond) appears only in-group (B) with medium intensity.
The peak at 1462.09 cm™ is characteristic for CH, (aromatic group). It is strong broad peak in subgroup (B1) and
changed to weak peak in subgroup (A1) at transmission peak 1465.30 cm™.

The transmission peak at 1261.49- and 1151.54 cm™ is characteristic for (C-O ester band and C=0) in subgroup (B1)
changed from double moment peak to weak peak at 1190.21 cm in subgroup (A1).

In subgroup (B1) three peaks appeared at 976.01, 839.06 and 754.19 cm™ i.e. a three-added functional group was
included in the components of subgroup (B1).

When comparing the functional groups in sub group (B1) with those of subgroup (A1), there was a significant change.
It presented an internal difference in the structure of the two subgroups (Al and B1).

Cytotoxicity assay results (Subgroup A2 and B2):

Cell viability and metabolic activity of cells:

The survival cell rate percentage of hMSCs of subgroup (A2, B2) and the -ve control group after 24 hrs of incubation
period is presented in (Fig.2). Comparison between the control group and the tested subgroups (A2 and B2) using
two-way ANOVA displayed no statistically significant difference.

WST-1

120
100
80
60
40

20

Negative control Subgroup A2 Subgroup B2

Fig. 2. The survival cell rate percentage of hMSCs of the control group and test subgroups (A2 & B2) after 24 hours
of incubation period.

Live/Dead Staining

Viability of human mesenchymal stem cells using the live/dead fluorescence assay were analyzed qualitatively based
on the morphological features evident from the photomicrographs. This test displayed that cell viability was not
affected by the treatment of the cells with media extract from either subgroup (A2) or subgroup (B2) acrylic resins
when compared to the control group. These results were in accordance to the WST-1 results. Live cells, observed in
the control group as well as in all treatment subgroups, retained the polyanionic dye calcein and presented an intense
green fluorescence (Fig.3) with no morphological changes. There was no evidence of increasing cell death, i.e., the
number of cells emitting red fluorescence which would have evidenced penetration of the cell membrane by EthD-1
was not altered.
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Control Group Subgroup A2 Subgroup B2

Fig. 3. Live/Dead fluorescent cell viability at 10x magnification
DISCUSSION

CAD/CAM removable denture prosthodontics now automatizes many of the denture construction phases and is
believed to produce a more persistent denture excellence. Many properties of dental materials are reliant on the surface
structure and on the chemical composition of outer surface layer [16].

FTIR was selected in this study for chemical analysis of the samples due to its powerful analytic technique and its
quantitative measure for identification of the composition of the polymer and polymerization of the dental materials.
Variation in the molecular components of the materials were reflected as a shift in the absorbance band intensity and
its position in the vibration spectra. It presents a sensitive analytic tool to detect composition changed in biomaterials.
IR spectrum similarly represents a fingerprint of a sample with absorption peaks which correspond to the frequencies
of vibration between the bonds of the atoms making up the material [17, 18, 19, 20].

The spectra of heat-polymerized resin (subgroup Al) was used as a reference, because it has more favorable chemical
properties and to compare with pre-polymerized CAD/CAM acrylic resin (subgroup B1) [16]. The present study of
IR spectra of CAD/CAM (group B) presented a presence of small stretch, medium intensity at1626.5cm™ which
indicated unpolymerized C=C. The result may be contributed to the reaction of polymerization never reaching 100%
conversion i.e. conversion of monomer into polymer is not completed. The degree of conversion is expressed as % of
unreacted (C=C) bonds, but the final degree of conversion of resin depends on the chemical structure of monomer i.e.
atmosphere, temperature, light intensity and photo initiator concentration [21, 22, 23].

Long polymerization of heat polymerized acrylic denture base (subgroup A1) was used in this study because a lot of
residual monomer was lost to the water-immersed mould during the polymerisation process, while in subgroup (B1)
the CAD/CAM denture bases are milled from industrially PMMA pucks that have been polymerized under high
temperature and pressure resulting in highly condensed resins.

The high pressure promotes the formation of long polymer chains and therefore leads to higher degree of monomer
conversion with lower values of residual monomer because the desired zero residual monomer cannot be achieved.
These results were in accordance with the study done by Steinmass et al. (2016) who stated that CAD/CAM dentures
release very little monomer [24, 16].

Dental literature reveals lack of information regarding the cytotoxicity of CAD/CAM acrylic resin material on the oral
tissues. Therefore, in vitro cytotoxicity test was selected as a simple mean of evaluation in this study in an attempt to
reduce the effect of cofounding variables. Moreover, to simulate and detect the biological reactions of these materials
on human tissues and considered as source of evidence in evaluating cytotoxicity of CAD/CAM denture base resins
in removable prosthodontics before its clinical application [24].

Cytotoxicity of subgroup (A2and B2) denture base resin was assessed using WST-1 assay and fluorescent live/dead
assay for the measurement of cell proliferation and cell viability. The extent of influence and sensitivity of cytotoxicity
depends on the denture base resin and the cell culture [25, 26, 27, 28, 10]. Cytotoxic WST-1 assay test was carried out
in the present study after 24 hrs. of incubation period because reports of cytotoxic effect of acrylic resin revealed that
a release of residual monomer is more intense in the first 24 hrs. and is responsible for reduction of cell viability [24,
29, 30, 31].

Human Mesenchymal stem cells (hMSCs) were selected as the cell culture. They are used in the protocol line of
cytotoxicity test because the denture base resin materials are in contact with the tissue. hMSCs are multipotent self-
renewing progenitor cells with the ability to secrete growth factors, cells capable of differentiating into several cell
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lineages including osteoblasts, chondrocytes, and adipocytes, easy isolation and expansion, unique anti-inflammatory
and immune-modulatory properties [32,33,34].

The results of survival cell rate percentage of hMSCs at WST-1 after 24 hrs. incubation period revealed no statistical
significant difference between the negative control and the tested subgroups (A2& B2). This result may be due to the
residual monomer starts to leak in water and resulting of less monomer that cause cell damage and several methods
may be taken to reduce the amount of monomer, such as polymerization in water or under pressure, or the use of
correct polymer, monomer proportion and storage in water for 72 hrs. after polymerization [24,31]. The small stretch
of unpolymerized (C=C) of CAD/CAM of subgroup (B1) had no significant effect on cells on both WST-1 and the
live/dead fluorescence assay.

Live/dead fluorescence assay is a fluorescent marker which are used to support the finding of WST-1 assay. Live
/dead fluorescence assay provides an accurate index of cell viability and proliferation and considered to be more
sensitive than WST-1assay for evaluating the cytotoxicity of these denture base resin. Fluorescence microscope was
used with Live /dead fluorescence assay to provide greater resolution and imaging of biological structures than
conventional imaging [35]. The Live /dead fluorescence assay results were in accordance with the results of WST-1.

CONCLUSIONS

According to the methodology used in this study, FTIR spectroscopy analysis indicated the presence of very small
amount of residual monomer in CAD/CAM denture base material that was nearly at the same level of heat polymerized
type with no significant difference. Moreover, to detect the cytotoxic effect of residual monomer, two sensitive
methods of cell viability were used to distinguish the biocompatibility of the two different types of polymerized acrylic
denture bases. Both tests revealed that the tested groups displayed no cytotoxic effect on the viability of hMSCs after
24 hrs. incubation period.
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