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Abstract

The aim of this study was to assess the shear-bond strength (SBS) of resin-luting
cement to experimental short fiber-reinforced CAD/CAM composite (SFRC) com-
pared to conventional CAD/CAM (Cerasmart 270), 3D printed (GC TEMP PRINT,
Pro3dure GR-17), and laboratory (Gradia Plus) composites. Moreover, translucency
parameter values and light transmission were evaluated. For each of the five types
of composites, discs were prepared (n = 16/group) and divided into subgroups
(n = 8/group) according to surface treatment protocol (hydrofluoric acid or air-
particle abrasion). SBS test was performed using universal testing machine until fail-
ure, and failure modes were visually analyzed. Translucency parameter and curing-
light transmission values through 1, 2, and 3 mm thickness were quantified using
spectrophotometry and the MARC resin calibrator, respectively. Scanning electron
microscopy (SEM) was used to examine the CAD/CAM composites after surface
treatment. Composite type and surface treatment had a significant effect on SBS.
Laboratory composite showed the highest SBS value (22.4 MPa). Cerasmart 270
exhibited higher translucency parameter values (19.8, 11.0, 5.0) than SFRC (14.5,
5.2, 1.6) at the three composite thicknesses tested. Air-particle abrasion was more
effective in enhancing SBS than acid etching. Experimental SFRC CAD/CAM com-
posite showed higher SBS values than Cerasmart 270. For all composites, translu-

cency parameter values and light transmission decreased as thickness increased.
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ily modifiable or repairable and they have appropriate stress-
absorbing features.

Development in digital technology in recent years has sig-
nificantly improved the production of indirect restorations,
in particular CAD/CAM restorations. These types of restora-
tions can be produced by milling of composite or ceramic
blocks [1]. CAD/CAM composites offer some advantages, as
they are more flexible and less fragile than glass ceramics [2].
CAD/CAM composites also have the advantage of being eas-

CAD/CAM composites show lower abrasiveness than do
ceramic materials, and they can be milled more quickly with
less wear of milling tools [2]. Moreover, after milling they
have been proven to result in crowns with smoother margins
[3]. The reduced brittleness of the polymer-containing mate-
rials accounts for less chipping at the crown margins, which
results in smoother margins [2, 3]. Many manufacturing
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companies have recently improved their CAD/CAM com-
posite blocks by enhancing the filler technology and thus
achieving better material properties [4].

The efficiency of CAD/CAM composite restoration can be
evaluated by various laboratory-measuring parameters such
as mechanical, bonding, and esthetic properties [5]. The
shear-bond strength (SBS) test is the most commonly used test
in measuring the material’s bond strength, as it is the easiest
and fastest method [6, 7]. Moreover, evidence indicates that
mechanical testing of bonded interfaces has provided deeper
knowledge of the materials’ bonding performance and defined
guidelines for their application [8, 9]. The strength and dura-
bility of the bond between indirect CAD/CAM restoration and
the resin cement is of great clinical importance in terms of
longevity of the treatment outcome [10, 11]. To enhance the
bond strength, mechanical or chemical intervention that can
increase the fitting surface irregularity of CAD/CAM restora-
tion would be clinically useful [12]. Based on the restora-
tive material, various surface treatment techniques have been
suggested such as acid etching [5], air-particle abrasion [13]
and grinding with a bur [14]. These techniques have resulted
in improved bond strength of CAD/CAM restoration to resin
cement by providing micro-mechanical retention [15].

The indirect restorative procedure has more bonding inter-
faces than the direct one; this fact can increase the difficulty
of bonding the indirect restorations to the tooth structure [16].
Therefore, the luting agent or resin cement plays a key role in
the longevity of the CAD/CAM treatment outcome [17]. Ade-
quate polymerization of the resin cement is greatly important
to guarantee satisfactory performance of the indirect restora-
tions clinically [18]. Several parameters can affect the resin
cement polymerization, including the composition of the resin
cement, the shade, thickness, and translucency of the restora-
tion [19]. Numerous experimental studies and theoretical cal-
culations based on the Beer-Lambert law have reported that
light transmission through restoration decreases as the thick-
ness of the restoration increases [20, 21, 22], and that other
factors such as the matrix composition and the filler type may
influence translucency [20, 23]. Since the translucency has
been identified as an important factor influencing the poly-
merization efficiency of the underlying resin cement, as well
as influencing the esthetic outcome of the restoration [24], it
is a crucial property to investigate.

In previous studies, experimental short fiber-reinforced
(SFRC) CAD/CAM composites have shown promising
mechanical, load-bearing, and surface characteristics [25, 26].
However, no information is available regarding the bonding
and the translucency of this composite. Therefore, the cur-
rent study aimed to evaluate the SBS of resin cement to SFRC
CAD/CAM composite in comparison with different conven-
tional CAD/CAM (Cerasmart 270), 3D printed (GC TEMP
PRINT, Pro3dure GR-17), and laboratory (Gradia Plus) light-
cured composites after different surface treatments. Further-

more, translucency parameter values and light transmission of
composites at different thicknesses were evaluated.

MATERIAL AND METHODS
Materials preparation and light-curing protocol

The composition of the composites used in this study
are detailed in Table 1. Experimental SFRC CAD/CAM
composite blocks were prepared from a mixture of UDMA,
TEGDMA (70/30) resins (23 wt%) with short (200-300 &
@7 pm) glass fiber (25 wt%), and barium particulate glass
(52 wt%). A high-speed mixing machine was used in mixing
for 5 minutes (SpeedMixer DAC 400.1, 3500 rpm; Synergy
Devices). The temperature during mixing was monitored by
an infrared thermometer. SFRC CAD/CAM composite blocks
were polymerized using an oven at 120°C for 60 minutes.
For Cerasmart 270 (which was received fully polymerized)
and SFRC CAD/CAM blocks, specimens were prepared by
sectioning the blocks under water cooling using a low-speed
diamond saw (Secotom-50; Struers). The 3D-printed speci-
mens were made of Pro3dure GR-17 and GC TEMP PRINT
composites (Table 1) by using a digital light processing printer
(Asiga Max UV; Asiga). The printing was done according
to the manufacturer’s instructions. For the conventional lab-
oratory composite (Gradia Plus), initial curing of specimens
was performed using a hand light-curing device (Elipar TM
S10; 3 M ESPE) for 20 seconds from different overlapping
sections. The wavelength of the curing light was between 430
and 480 nm and its” intensity 1600 mW/cm?. The light source
was placed close with the composite surface (1-2 mm). After
that, a light-curing oven (Targis Power; Ivoclar Vivadent)
was used for further polymerization of the specimens for
3 minutes.

SBS test

For each of the five composites, 16 discs (14 mm length
X 12 mm width X 3 mm thickness) were prepared and
positioned in acrylic resin blocks (Palapress Vario; Heraeus
Kulzer,). The surfaces were ground with 180 and 320 grit
silicon carbide papers using an automatic grinding machine
(Rotopol-1; Struers). The groups were then subdivided based
on the surface treatment method used into hydrofluoric
acid and air-particle abrasion subgroups (n = 8/group).
Hydrofluoric acid gel 4.5% (Ivoclar Vivadent) was applied
to the discs for 60 seconds followed by washing, air-drying,
and application of primer (G-Multi Primer; Table 1). In the
air-particle abrasion groups, the surface was air abraded
using aluminium oxide particles (@ 50 um, pressure 30 psi),
the specimens were subsequently washed and air-dried before
the G-Multi Primer was applied.
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TABLE 1 Materials used in the study
Material (type) Manufacturer
TEMP PRINT medium (3D printed) GC
GR-17 temporary (3D printed) Pro3dure Medical
Gradia Plus (conventional laboratory) GC
Cerasmart 270 (CAD/CAM) GC
SFRC block (CAD/CAM) Experimental
G-Cem LinkForceXXX (Dual-cure resin GC
cement)
G-multi primer GC

Seandinavian Division
IADR

Composition

UDMA, dimethacrylate, inorganic silica fillers <25 wt%

Bismethacrylate and dimethacrylate monomers, silicon
dioxide <50 wt%

UDMA, dimethacrylate, inorganic fillers (71 wt%),
Prepolymerized fillers (6 wt%)

Bis-MEPP, UDMA, DMA, Silica (20 nm), barium glass
(300 nm) 71 wt%

UDMA, TEGDMA, Short glass fiber (200-300 um & @7 um),
Barium glass 77 wt%

Bis-GMA, Bis-MEPP, UDMA, dimethacrylate, barium glass
(300 nm), initiator, pigments

Ethyl alcohol (90-100%), phosphoric acid ester monomer
(1-5%), dimethacrylate (1-5%)

Abbreviations: Bis-GMA, bisphenol-A-glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-MEPP, Bis (p-
methacryloxy (ethoxy) 1-2 phenyl)-propane; wt%, weight percentage; vol%, volume percentage.

A custom-made transparent mold with a flat end (diam-
eter 3.6 mm and height 3 mm) was positioned centrally on
the flat composite surface. The luting cement (G-CEM link-
Force; GC - Table 1) was applied through the mixing tip into
the mold. After removing excess cement, the specimens were
light-cured through the mold on each side and from the top
for 20 seconds using the Elipar TM S10 (3 M ESPE device).
Then, the mold was carefully removed and specimens were
stored for 72 hours in water (37°C) before testing.

The SBS test was used to identify the quality of adhe-
sion between the luting cement and the composite materials.
Firstly, the specimens were mounted in a mounting jig (Ben-
cor Multi-T shear assembly; Danville Engineering). There-
after, a shearing rod was placed parallel to and against the
interface between the composite and the resin luting cement.
Then, at room temperature (23 + 1°C) and a crosshead speed
1.0 mm/min a universal testing machine (Model LRX; Lloyd
Instruments) was used to load all specimens until failure.
Data were recorded by PC software (NEXYGEN; Lloyd Instru-
ments). The bond strength was calculated by dividing the
maximum load at failure (N) by the bonding area (mm?). The
results were recorded in megapascal (MPa).

Translucency measurement (TP)

A total of 75 specimens (14 length, 12 mm width) were
prepared from the tested composites (n = 15/material).
Specimens were subdivided according to thickness into three
different 1, 2, 3 mm subgroups (n = 5/group). Curing of the
composite was performed as mentioned previously. CIELAB
color scale was used to determine the specimen color relative
to the standard illuminant D65. Color assessment was done on
a reflection spectrophotometer (CM-700d; Konica-Minolta)
over a black tile (CIE L* = 0, a* = 0.01 and b* = 0.03) and

a white one (CIE L* = 99.25, a* = —0.09 and b* = 0.05).
Aperture diameter was 3 mm, and the viewing and illuminat-
ing configuration was CIE diffuse/10 geometry with specular
component included (SCI) geometry. To obtain the translu-
cency of the tested composite specimens, the color difference
between the specimen on the white background and the
specimen on the black one was measured using the following
equation:

TP = [(Ly * —Lp %) + (ay * —ap %) + (by * —bg x)2]1/2

where TP is the translucency parameter, the variable "W"
refers to color coordinates on the white background and
the variable "B" refers to color coordinates on the black
background.

Light transmission analysis

For each tested composite, five discs at each of the three dif-
ferent composites thicknesses (1, 2, and 3 mm) were prepared
(n = 15/material). Each specimen was flat polished using
an automatic grinding machine (Rotopol-1; Struers) and sil-
icon carbide papers from #1200- to #4000- grit at 300 rpm
underwater cooling. A digital caliper (Mitutoyo) measured
the final thickness within a range of + 0.1 mm. Then, the
specimens were cleaned ultrasonically (Quantrex 90; L&R
Ultrasonic) in deionized water for 10 minutes and dried for
20 seconds before further evaluation. The disc specimens
were then positioned over a spectrometer (MARC Resin Cal-
ibrator, Blue Light Analytics) and light-cured for 20 seconds
by direct application of the curing unit (Elipar TM S10, 3 M
ESPE) perpendicularly and centrally over the specimen’s sur-
face by means of a mechanical arm. During the specimen
curing, a spectrometer measured the irradiance transmitted



European Journal of

SHORT FIBER CAD/CAM COMPOSITE BOND STRENGTH

‘1 WILEY (@IS

to the bottom of the specimens in real-time. As a control, a
ring mold without composite resin at different thicknesses was
used. The MARC system contains a NIST-reference miniature
spectrometer (USB4000; Ocean Optics) with a 3648-element
linear CCD array detector (TCD1304AP; Toshiba). A CC3
cosine corrector is a sensor with 4 mm diameter, designed to
collect light radiation at around 180°, excluding optical inter-
face problems, which are related to light collection sampling
geometry. The irradiance at wavelength of 360-540 nm was
considered for data recording.

Microscopic analysis

Failure modes of shear-bond test specimens were visually
examined and analyzed using a stereomicroscope at magni-
fication force 40 (Wild M3Z; Wild Heerbrugg). The failure
modes were then classified either as adhesive failure between
composite material and resin luting cement or cohesive type
of failure within composite material.

The effect of surface treatment on CAD/CAM composites
was evaluated by scanning electron microscopy (SEM) (JSM
5500; Jeol). Before observation, specimens were coated with
a gold layer in a vacuum evaporator using a sputter coater
(BAL-TEC SCD 050 Sputter Coater; Balzers).

Statistical analysis

Using SPSS version 23 (SPSS, IBM) the shear bond strength
data and the translucency parameter values were summarized
by their mean values (SD) and tested using two-way ANOVA
followed by Tukey HSD test (@ = .05) to determine the signif-
icance of the type of composite used and the surface treatment
protocol (bond strength), respectively, the specimen thick-
ness (translucency). The actual effects of surface treatment
protocol and composite type on SBS values were estimated
using a dummy variable linear regression analysis, using the
hydrofluoric acid treatment and the conventional CAD/CAM
composite (Cerasmart 270) as reference groups. A robust esti-
mate approach was used to assess the regression model, and
the modified R? was used to assess model fit.

RESULTS

The SBS values of the tested composites after air-particle
abrasion and hydrofluoric acid surface treatment are shown
in Figure 1. Irrespective of surface treatment, the conven-
tional laboratory composite (Gradia Plus) exhibited the high-
est bond strength value, and this amounted to 22.4 MPa
when treated with air-particle abrasion, while conventional
CAD/CAM composite (Cerasmart 270) showed the low-
est value (8.2 MPa) when treated with hydrofluoric acid

30 4 Il Air-particle abrasion
] [ Hydrofluoric acid

TEMP PRINT GR-17

Gradia Plus  Cerasmart 270  SFRC Block

FIGURE 1
deviations of the tested composites after different surface treatments.

Shear-bond strength values (MPa) and standard

Groups denoted with the same letters are not statistically different
(P <0.05)

(Figure 1). Regarding the two CAD/CAM composites, SFRC
showed higher SBS than Cerasmart 270 when treated with air-
particle abrasion (13.4 MPa) and hydrofluoric acid (9.6 MPa),
however, the difference was not statistically significant
(P> 0.05).

The results of the linear regression modeling of the SBS
values as function of composite type and surface treat-
ment protocol are presented in Table 2. Data indicated that
both composite type and surface treatment protocol had a
significant (P < 0.05; R? = 0.65) effect on SBS. The esti-
mated bond strength value for conventional CAD/CAM com-
posite (Cerasmart 270) treated with hydrofluroric acid was
8.49 MPa. Regardless of the composite used, air-particle abra-
sion resulted in SBS values that were on average 2.89 MPa
higher (P < 0.001) than seen for hydrofluoric acid surface
treatment (Table 2). The conventional laboratory composite
(Gradia Plus) had a SBS value that was 9.38 MPa larger
(P < 0.001) than the conventional CAD/CAM composite
(Cerasmart 270), while the other types of composites had
bond strength values that were 1.60 MPa (SFRC Block) to
2.70 MPa (TEMP PRINT) higher than seen for the conven-
tional CAD/CAM composite (Cerasmart 270) (Table 2).

Table 3 presents the type of failures observed. When the
failure mode of each composite was assessed, it was found
that cohesive failure was predominant in 3D printed (TEMP
PRINT and GR-17), and conventional CAD/CAM (Cerasmart
270) composite specimens, while with SFRC specimens the
failure mode was 100% adhesive. As seen in Table 3 for labo-
ratory composite (Gradia Plus), nearly half of the specimens
exhibited cohesive failure, and the other half showed adhesive
type of failure.

The translucency parameter values of the tested compos-
ites at different thicknesses are shown in Figure 2. Despite
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Results of multivariable linear regression analysis of shear-bond strength values as a function of composite type and surface

Predictor Value B 95% Cl Significance®
Composite type Cerasmart 2170 Ref. -
TEMP PRINT 2.70 (1.05, 4.36) 0.002
GR-17 2.61 (0.87, 4.35) 0.004
Gradia Plus 9.38 (7.73, 11.04) <0.001
SFRC Block 1.60 (—0.05, 3.26) 0.057
Surface treatment Hydrofluoric acid Ref. - -
Air-particle abrasion 2.89 (1.80, 3.97) <0.001
Constant 8.49 (7.27,9.72) <0.001
Abbreviations: Ref., Reference category; CI, Confidence Interval; B, Beta coefficient.
R?=0.65.
“Test of Hy: B = 0.
TABLE 3 The distribution of bond failure mode according to material type and surface treatment protocol
Adhesive Cohesive
Material (type) AA HF AA HF
TEMP PRINT (3D printed) 10 10
GR-17 (3D printed) 10 10
Gradia Plus (conventional laboratory composite) 0 10 1
Cerasmart 270 (CAD/CAM) 9
SFRC Block (CAD/CAM 10 10 0

Abbreviations: AA, air-particle abrasion; HF, hydrofluoric acid treatment.

the manufacturing and composition differences between the
tested composites, the translucency parameter values signifi-
cantly correlated with the thickness of composite. As thick-
ness increased, the translucency parameter value decreased

1 mm
25 - I 2 mm
I 3 mm

TEMP PRINT GR-17

Gradia Plus  Cerasmart 270  SFRC Block

FIGURE 2
standard deviations of the tested composites. Groups denoted with the

Translucency parameter mean values (TP) and

same letters are not statistically different (P < 0.05)

for each composite. Comparing between the composites
used at 1-, 2-, and 3-mm thickness, conventional laboratory
and CAD/CAM composites showed the highest translucency
parameter values, while 3D printed and SFRC CAD/CAM
composites showed similar values (P < 0.05).

Figure 3 demonstrates light transmission through different
thicknesses of each composite and the control. The irradiance

1800

1600 | e

1400

1200 <

& Control
—@— TEMP PRINT
—A— GR-17

—w— Gradia Plus
—@— Cerasmart 270
—4— SFRC Block

1000

Irradiance (mW/cm?)
[} o
o j=3
o o
1 1

400

200

1 mm 2mm 3mm

FIGURE 3 The light irradiance (mW/cm?) of the transmitted
light of curing unit at different thicknesses to the sensor through tested
composites. Light curing without composite at different thicknesses
was used as a control
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FIGURE 4 SEM images of CAD/CAM composites surfaces
observed at different magnifications (500 & 2500x) after acid etching
and air-particle abrasion. (A) Acid etched SFRC; (B) acid etched
Cerasmart 270; (C) air-particle abraded SFRC; (D) air-particle abraded
Cerasmart 270

values of penetrating light are in line with the translucency
parameter values, as thickness increases, light transmission
decreases for all composites. Light transmission through
3 mm thickness in all tested composites was either extremely
low or did not exist at all. Conventional laboratory (Gra-
dia Plus) and CAD/CAM (Cerasmart 270) composites again
showed the highest values, while the other composites exhib-
ited lower values. However, as in the translucency param-
eter results, the light irradiance of 3D printed and SFRC
CAD/CAM composites were nearly equal at all three thick-
nesses.

Figure 4 shows SEM images for CAD/CAM composites
after air-particle abrasion and hydrofluoric acid etching treat-
ment under different magnifications. SEM images showed
clearly the difference in appearance between surfaces treated
with the two different treatment methods. Air-particle abra-
sion resulted in rougher surface than hydrofluoric acid in both
CAD/CAM composite specimens. In SFRC composite treated
with air-particle abrasion specimens, fibers are being pulled

out and resulted in a pitted surface. While in hydrofluoric
acid treated groups, fibers were partially dissolved from SFRC
composite, leaving rough surface, and small porosities were
seen at the conventional CAD/CAM composite surface.

DISCUSSION

The results of the present study have demonstrated that the
tested composites made using various manufacturing meth-
ods and compositions differed in terms of the tested proper-
ties. The results of a SBS test indicated that both composite
type and surface treatment influence the bonding strength to
resin cement. To achieve better bonding performance, alter-
ations need to be created in the material’s surface texture;
moreover, the selection of the resin cement type is of great
importance [17]. Air-particle abrasion using aluminum oxide
particles causes nonselective degradation of the composite,
which creates irregular surface, while the acid etching tech-
nique using hydrofluoric acid works on dissolving the filler
particles, which results in porous surface [27]. In this study, in
addition to the surface treatment, G-Multi Primer was applied
to the composite surface to enhance the bond strength of the
composite to the resin luting cement. As shown in previous
studies, the role of the primers is to increase the penetration
of the luting cement monomers into composite, which can
enhance the resulting adhesive interface [13, 28, 29].

Based on our results, air-particle abrasion resulted in higher
SBS values than acid etching treatment for all tested com-
posites. This could be explained by the fact that air-particle
abrasion resulted in higher surface roughness than hydroflu-
oric acid (Figure 4), which increases the bonded surface area
and surface energys; it also provides higher micro-mechanical
retention at interface between resin cement and composite
[30]. These findings are in line with previous studies [31-33],
which proved that air-particle abrasion seems to be the best
surface treatment option for indirect composites. On the other
hand, some studies suggested that, hydrofluoric acid etch-
ing is the best surface treatment method for certain types of
CAM/CAM composites [34, 35]. Other investigations have
proved that air-particle abrasion could cause damage to the
surface and cracks to the subsurface, which compromises
restoration long-term durability; moreover, the exposure of
restoration margins to air-particle abrasion could result in
marginal gap, which is unacceptable clinically [36].

In the present study, as a general tendency, the conven-
tional laboratory composite (Gradia Plus) exhibited the
highest SBS values when treated with either air-particle abra-
sion or hydrofluoric acid. Conventional laboratory composite
is not as highly polymerized as CAD/CAM manufactured
composites, thus there is a high percentage of residual
or unreacted monomers. These monomers can interact
chemically with monomers usually present in the resin
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cement. Theoretically, it is possible that methacrylate
monomers in resin luting cement can form a chemical bond
with the composite material, and this bond is enhanced by
applying the primer. Methacrylate monomers of the resin lut-
ing cement may copolymerize with unreacted C = C double
bonds of the composite material when exist [37]. Another
possible explanation for high SBS values with the conven-
tional laboratory composite could be due to the high fillers
content (77 wt%) in particular the large sized pre-polymerized
fillers. Both surface treatment techniques have a significant
influence on the large size fillers [38], creating a highly
irregular surface and this might in turn result in a higher bond
strength [30]. This is in agreement with MIYAZAKI et al.
[39], who found in their in vitro research that bond strength
increases with increasing filler content. This could explain the
low SBS values of 3D printed composites (TEMP PRINT and
GR-17). Although they contain residual monomers, they have
a lower content of small sized particulate fillers (<50 wt%),
which reduce the effect of surface treatment. In addition, the
low filler content causes weakness of the composite matrix;
thus, shearing stresses cannot be withstood. Corroborating
this interpretation, we observed that 100% of failures among
the 3D printed composites were of the cohesive type (Table 3).
Although CAD/CAM manufactured composites (SFRC
and Cerasmart 270) have high filler content, they exhib-
ited SBS values lower than those of the conventional lab-
oratory composite. CAD/CAM composites are polymerized
under high temperature and high pressure with photo-curing
and heat-curing. Polymerization under optimum conditions
results in a higher degree of conversion and less residual
monomers. Though this can improve the mechanical proper-
ties of the composite [25, 40] it results in lower chemical bond
or copolymerization between the CAD/CAM composite and
resin cement and subsequently lower SBS. It has been stated
in literature that the bonding of a new composite resin to a
highly polymerized thermoset matrix is weak because of the
cross-linked nature of the thermoset matrix [41, 42]. If, how-
ever, the matrix is of the semi-IPN (interpenetrating polymer
network) type, the bonding possibilities during cementation or
repair improve, and this is due to monomer diffusion or inter-
penetration, which is possible only for the semi-IPNs [43].
The fiber diameter in the SFRC CAD/CAM composite is
larger than the diameter of the Cerasmart 270 fillers; this may
explain the rougher surface seen after air abrasion as shown
in the SEM images (Figure 4C, D), and in turn it explains
the higher SBS values. In hydrofluoric acid-treated surfaces
(Figure 4A, B), we observed the effect of etching depends
on the filler composition and size [38]. The small surface
porosities observed in Cerasmart 270 specimens treated with
hydrofluoric acid were probably resulting from dissolved
fillers in the matrix. While with the SFRC composite, the glass
fibers were partially dissolved, leaving rough and higher sur-
face area for bonding. This observation corroborates reports

WILEY-.

that 4.5 % hydrofluoric acid treatment can have considerable
effects on glass fibers [44].

Differences were noted regarding the failure mode of SFRC
and Cerasmart 270 composites (Table 3). These variations
could be explained as resulting from differences in the filler
content and the polymer matrices of these CAD/CAM com-
posites. Short fiber fillers can provide high toughness to the
matrix to resist the shearing stress [45] and consequently it
was the only tested composite showing no cohesive failure
at all. On the other hand, Cerasmart 270 is a brittle material
with lower toughness than the SFRC composite, therefore, the
majority of failures were of the cohesive type [25]. Further-
more, its matrix could be weakened after surface treatment,
and this can lead to cohesive type of failure as well.

Our results clearly demonstrated that the translucency
parameter values and light transmission were influenced by
the thickness of each tested composite. A material’s translu-
cency and the light transmitted through different composites
depends on the scattering and absorption coefficient [46].
Interestingly, although they have low filler content, the 3D
printed composites had lower translucency parameter and
light transmission values (Figures 2 and 3). The matrix of the
3D printed composites contains residual monomers, which
may lead to decrease in the homogeneity of the inner structure.
This structure possibly creates internal interfaces, on which
light would be scattered, broken, or reflected, and in turn
lower translucency parameter values and light transmission
[47]. While the conventional laboratory composite showed
higher translucency parameter and transmission values, this
could be due to good matching in refractive index between
the matrix and the filler particles [48].

Although the glass fibers in SFRC CAD/CAM composite
can conduct light [49], the translucency parameter and light
transmission values were lower than seen for Cerasmart 270.
This could be attributed to the small nanoparticle fillers in
Cerasmart 270, while the SFRC composite has larger fillers
including microscale fibers. According to the Rayleigh equa-
tion, the particles size has a great influence, predicting that
larger size particles would cause a decrease in transmission
[50]. The interaction of light with the smaller particles in
Cerasmart 270 results in less light absorbance and conse-
quently higher translucency parameter values [51]. In addi-
tion, differences in the amount of filler in each composite
could cause this variation. With less matrix and high filler
content (Table 1), translucency decreases due to light scat-
tering [52]. Although the SFRC composite showed accept-
able translucency parameter values, it is still an experimen-
tal material, and further optimization is needed to improve its
translucency.

The findings of this study have to be seen in light of some
limitations. The SBS test was used to determine the bond
strength of the materials, where the tensile-bond strength
could be more accurate in detecting bond strength differences
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between materials [53]. Moreover, the SBS was evaluated
after a short-term water storage (72 hours) and to understand
the bond durability of composites to resin cement, long-term
water storage would be required. To gain more knowledge
about the experimental SFRC CAD/CAM composite, further
research is needed to clarify the effect of aging (thermal,
mechanical, and chemical) on the surface integrity and bond-
ing performance of this composite.

Within the limitations of the present study, the following
conclusion can be drawn:

(i) Conventional laboratory composite exhibited superior
SBS and optical properties compared to CAD/CAM and
3D printed composites.

(ii) The SBS of short fiber-reinforced CAD/CAM compos-
ite to resin cement was higher than that of conventional
CAD/CAM composite.

(iii) Air-particle abrasion of all tested composites was more
effective in enhancing SBS than was hydrofluoric acid
etching.
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