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The aim of this work was the development of a series of glass fiber reinforced composites (FRCs) for CAD/
CAM applications in dentistry and the characterization of their structure by SEM, Raman and FTIR
spectroscopy. A selection of 2 different types of resins (R1 composed from 25%Bis-GMA, 40%UEDMA, 35%
DMTEG and R2 composed from 65%Bis-GMA, 35% DMTEG)  with 2 different types of hybrid filler (F1 with
42% quartz, 42% radiopaque glass and 16 % hydroxyapatite and F2 with 90% quartz and 10% colloidal silica)
and 3 different types of E type fiber glass geometries (veil 30g/m2, twill 163g/m2 and textile 300g/m2) in 4, 6,
8 and 10 layers were used  in this in vitro study. Raman analysis, showed a powerful interaction between the
polymer and the fiber glass. FTIR and SEM data revealed that the different fiber glass geometries were well
incorporated inside the resin, resulting an acceptable homogeneity. Within the limitation of this study, it is
possible to achieve a fiber glass reinforced composite for the use of CAD/CAM technology. Further investigation
must be done in order to test all the properties of the new material.
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In the attempt to obtain natural look-like dental
restorations, that would resist to the functional conditions
of the oral cavity (masticator y forces, salivary
environment), several stages have been carried out over
time, in which one or more of the classes of dental
materials have been used. Till this moment, two classes
of aesthetic dental restoration material have been
highlighted: dental ceramics and composite resins.  Each
of these groups has numerous representatives, different
by composition, properties, and consequently having
different clinical indications.

CAD - CAM technology is gaining more and more ground
in terms of dental restorations manufacturing. This process
can be done directly in the dental office (in office systems)
or in the laboratory (in Lab CAD/CAM); in this respect,
different materials with various sizes and optical properties
are available in order to cover a wide range of indications.
Thus, ceramic blocks (feldspar ceramics, lithium disilicate
or zirconium-reinforced lithium silicate ceramics), hybrid
ceramics and composites are available [1].

The composites designed for CAD-CAM are more
compact, exhibit fewer porosities and defects, and have a
more predictable composition compared to the ones
fabricated with the conventional techniques [2]. In addition,
it is possible to increase the concentration of the inorganic
component beyond the allowed limit in the case of the
classic processed composites - to the latter, an excessive
concentration of inorganic particles determines a viscosity
that influences plasticity and the modelling ability in a
negative way [2].

It is desired that the materials used for dental restauration
to have good mechanical and optical properties in order to
be integrate as much as possible in the oral structures [1].
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The superiority of composite resin blocks, compared to
ceramic, resides mainly in the following:

- ease of manufacture - it is estimated that a set of burs
used in the CAD-CAM system allows the milling of 5-10
ceramic restorations, but over one hundred composite
restorations [3]

-the possibilities of subsequent repairs, using materials
with identical optical properties to the original one (same
composite resins)

- materials are less susceptible to fractures when milled
in thin layers [4]

- mechanical qualities: modulus of elasticity and
resilience closer to dental structures

The idea of   improving the properties of the composite
blocks for milling has also followed other paths, such as
the change in temperature and polymerization pressure:
thus, applying a temperature regime of 180-2000C and a
pressure of 300MPa. Denser blocks with a flexural strength
of 200MPa were obtained, far superior to the photo-
polymerized blocks or even some ceramics [5,6].

Another way of improving the proprieties is to reinforce
the composite with fiber glass, which promotes the transfer
of stress from the polymer into the glass fibers; on the
other hand, the fibers act as blocking the propagation of
cracks inside the composite [7].

There are studies that have shown superior properties
of composite resins reinforced with 3D braided fibers
compared to ceramics: milling time, cost, surface quality
after milling [8-10].

Recent studies showed good fracture and flexural
strength of some resins reinforced with fibers designed for
milling and recommends them for thin, minimally invasive
restorations; these treatments options are nowadays
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increasingly recommended in aesthetic and reconstructive
dentistry, in cases of morphology correction or occlusal
rehabilitation of tooth wear of different causes (erosions,
abrasions, attritions) [1].

In addition, the possibility of thin layer milling is
necessary for the restoration areas covering the limit of
the preparation as a chamfer or even tangential to be
continuous and smooth [11-13].

Despite the important developments of dental materials
for CAD/CAM technology in dentistry, a quality material
indicated for all clinical situations, with high reproducibility,
industrially processed, operator friendly at a low cost
remains a continuous challenge[14]. There is no
commercial product as composite reinforced with fiber
glass for CAD/CAM restauration available yet on the market

The aim of this work was the development of a series of
glass fiber reinforced composites (FRCs) for CAD/CAM
applications in dentistry and the characterization of their
structure by SEM, Raman and FTIR spectroscopy.

Experimental part
The experimental FRCs were obtained using the

combinations of silanated E-glass woven rovings and veils.
The resins used for the impregnation of the glass-fibres
will contain a mixture of 2,2-bis[4-(2-hydroxy-3-
methacryloxypropoxy) phenyl]propane (Bis-GMA), 1,6-
bis(methacr yloxy-2-ethoxy-carbonyl-amino)-2,4,4-
trimethyl-hexane (UDMA) and triethylene glycol
dimethacrylate TEGDMA. Radiopaque glass fillers are
uniformly dispersed in the resins. The initiator system
(camphorquinone and dimethyl-amino-ethyl metha-
crylate) for the photochemical polymerization was used.
The glass fibers were be displaced in bidirectional
directions.

Components selection
The selection of the resins was made regarding the

composition: R1 resin composed from 25% Bis-GMA
(aromatic dimethacryate), 40% UEDMA (urethane-
dimethacrylate), 35% DMTEG (aliphatic dimethacrylate)
and R2 resin composed of 65% Bis-GMA and 35% DMTEG.

Two different hybrid fillers were added to the resins: F1
filler consisting of 42% quartz, 42% radiopaque glass (40%
SiO2; 8% Al2O3; 10% ZrO2 12% B2O3; 16% SrO; 4% CaO;
10% CaF2+NaF) and 16% hydroxyapatite and F2 filler
containing 90% quartz and 10% colloidal silica.

For the fabrication of the samples, 3 different types of
geometries of E glass fibers were used : veil 30g/m2, twill
163g/m2 and textile (woven) 300g/m2.

Specimen preparation
4 different types of FRC (FRC1-4) were obtained by

mixing 2 different types of resins (R1 and R2) with 2
different types of hybrid filler (F1 and F2), then the obtained
particulate composites were reinforced with 3 type of E
glass fibers having different geometries (architecture) by
laminate lay-up process using from 4 to 10 layers (Table
1).

Inside of a cubic silicon matrix of 1 cm side, 4, 6, 8 or 10
layers of resin and fiber glass were placed one above
another. After applying each layer, a light curing process of
10 seconds was done in 5 different points, with a LED lamp
(420nm - 480nm wavelength, 850mW/cm2-1000mW/cm2

intensity) Demi Plus, Kerr, USA. After the final
photopolymerization, the fiber glass reinforced composite
was extracted from the silicon mold and an additional post
polymerisation process was done by inserting the mold
inside a Belle Glass (Kerr, USA) oven at 135oC for 20 minutes.

For each material, specimens were cut and prepared at
1mm (±0.01mm) thicknesses with a precision saw
(IsoMet 1000 - Buehler, USA) using a diamond cutting blade
for hard brittle materials and structured ceramics (diamond
Wafering Blade, 15LC - Buehler, USA) at a speed of 100
rotations per minute. The samples were measured with
an electronic micrometer and polished using sandpaper
with increasing grits (P240, followed by P400, P800, P1000
and P1200, Klingspor). All samples were mesured using
an electronic calliper (Hornaday).

FRC samples characterisation
The samples were investigated using the scanning

electron microscope (SEM) (Inspect S, FEI Co), infrared
spectroscopy (FTIR) and Raman spectroscopy.

FTIR determinations
The degree of conversion (DC) of the particulate

composites was assessed by determination of the residual
double bonds (RDB) using the infrared spectroscopy
method. The amount of the RDB was determined as
percentage of the amount of the originally methacrylic
groups present in the monomer mixtures. The decrease of
the absorbance intensity of the methacrylate group C = C
absorbance (Ameth) from 1635 - 1640 cm-1 was monitored.
The absorption band of the phenyl group (Aarom) from
1605 – 1610cm-1 was used as internal standard. The degree
of conversion was calculated using the formulas:

RDB% = (Ameth / Aarom)F / (Ameth / Aarom)I x 100;
DC%=100%-RDB%

where F means the final state (after curing) and I means
the initial state of the material (before curing).

ATR-FTIR spectra of the particulate composites (pastes
and solids) were recorded on FTIR spectrophotometer
(Jasco FTIR-610) equipped with an ATR (attenuated total
reflectance) attachment with a horizontal ZnSe crystal
(Jasco PRO400S). The resolution of the spectra  was  4
cm-1. and scans were repeated 100 times. The appropriate
amount of the samples was placed on the ZnSe crystal.
and then the FTIR spectrum was measured.

SEM characterization
FRC samples, photopolymerized and thermic treated,

were cut at 1mm (±0.01mm) thicknesses with a precision
saw (IsoMet 1000 – Buehler, USA) and investigated  using
the scanning electron microscope (Inspect S, FEI Co)

Raman measurements
The Raman measurements have been performed on

solid samples deposited on CaF2 substrates using a confocal
Renishaw®inVia spectrometer (Renishaw plc, Wotton-
under-Edge, Gloucestershire, UK), equipped with a Leica
microscope (Leica Microsystems GmbH, Germany). A 20X

Table 1
THE STUDIED MATERIALS
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(N.A. 0.40) objective has been used for spectral acquisition
in the 300 - 1800 cm-1 interval. A 785 nm diode laser
(Renishaw, UK) having a power less than 130mW
(measured at substrate surface), has been used for
excitation. The acquisition time was set to 10 s. The
spectrograph was equipped with a 1200 lines/mm grating
and a Peltier cooled charge coupled device (CCD) camera.
Each spectrum represents the mean value of 30 individual
spectra recorded on different regions of the sample. For a
better interpretation of the experimental data (even from
a quantitative perspective) the Raman intensities have
been divided by the laser power multiplied by the exposing
time. In this way the intensities variation of some vibrational
peaks can provide useful information concerning the
evolution of the investigated system.

Results and discussions
As can be seen from the results presented in Table 2,

the photopolymerization of the composites results in resin
conversion rate of the 77-78%, the UDMA resin (R1) leading
to slightly higher conversion rates than the (R2) bis- GMA
in composition.

A significant increase in the  conversion rate occurs by
thermal treatment  (postpolymerisation), in this case
increasing by about 10%.

The SEM analysis (magnification x1000, x3000 and
x5000) revealed that all three different geometries of fiber
glass (Veil, Twill and Textile) were well incorporated inside
the resin matrix (R1F1 and R2F2), resulting an acceptable
homogeneity (fig. 1 a-d). The fact that polymer parts were
found on the surface of glass fiber monofilaments,
indicates an acceptable compatibility between the fiber
glass and the resin matrix, where the fiber was included.

As it was mentioned at specimen preparation section
each class of the composites has 2 major components: a
particulate composite containing the polymers (resin) and
the filling material and three types of fiberglass.
Consequently, the Raman spectroscopy has been used for
analyzing the four types of composites after their
preparation, photopolymerization and heat treatment at
135 0C. The Raman spectra of the 4 classes of composites
(FRC1, FRC2, FRC3, FRC4) are presented in figure 2 together
with the Raman spectrum of the pure polymer. All the
spectra have been recorded using a NIR excitation laser
(λ=785 nm).

It has been shown that the resin employed for the
preparation of the FRCs contains three types of polymers:
Bis-GMA, UEDMA and DMTEG. Among these, only the Bis-
GMA polymer (which is also the most abundant one)
contains two phenyl groups in its monomeric structure. As
it has been demonstrated before by means of Raman
measurements and quantum chemical calculations
performed on different molecular species containing this
functional group [15], its presence can be experimentally
demonstrated by the existence of two vibrational peaks
(assigned to different vibrational modes of this ring) located
around 640 cm-1 and 1610 cm-1. In the spectra of the pure
polymer (grey spectrum in Figure 2) these two peaks
(located at 640 and 1609 cm-1 and marked with a red star)
are clearly distinguishable. Very interestingly, in the Raman
spectra of all four types of FRCs one can observe a major
increase of the intensity of these peaks. This could be a
strong evidence of the fact that the phenyl ring belonging
to Bis-GMA polymers was not involved in chemical reaction
during the preparation, photo- and thermal treatments of

Table 2
THE CONVERSION OF THE PARTICULATE COMPOSITES

Fig. 1. SEM images of the studied
materials: a) FRC1; b) FRC2
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the composites. The same behaviour has been observed
in the case of the peak located at 1115 cm-1 and assigned
to a antisymmetric stretch of the C-O-C group.

On the other hand, another three very intense peaks
located at 602, 1637 and 1712 cm-1 (marked with a blue
star) are detected in the Raman spectrum of pure polymer.
The evolution of the Raman intensity of these three peaks,
assigned to vibrational modes of O-C=O (bending), C=C
(aliphatic stretch) and C=O (carbonyl ester stretch) groups,
is completely opposite with the one observed in the case
of 640 & 1609 cm-1 peaks. This could be related to the
involvement of this chemical bonds in the formation of the
composite, as it was previously suggested [16].

But the most obvious decrease can be observed in the
case of the 1448 cm-1 peak, assigned to CH2 and CH3 groups
[17], suggesting that these two groups are strongly involved
in the synthesis process of the composites.

 Conclusions
Within the limitation of this study, the investigations

performed in the present paper showed promising results
and proved that it is possible to achieve fiber glass reinforced
composite for the use with CAD/CAM technology. Further
investigation must be done in order to test all the properties
of the new material.

Raman spectroscopy has been successfully employed
for the characterization of the composites. By analysing
the spectrum acquired on pure polymers with those
recorded on the four classes of the composites one could
get useful information related to the functional groups
involved in their synthesis process.
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Fig. 2. Raman spectra of the pure polymers (grey
spectrum) and of the four classes of composites

(FRC1-4) recorded using a 785 nm excitation
wavelength

Fig. 1. SEM images of the studied
materials: c) FRC3; d) FRC4.
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