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ABSTRACT

Objective: The objective of this study was intended for evaluation the effect of different surface treatments on microhardness
and flexural strength of two types of resin ceramics. Materials and Methods: A total number of 140 samples were used in this
study (70 samples for each test). This samples were divided into two equal groups according to materials (Vita Enamic [ENA] and
Lava Ultimate [LVU]), then each group was subdivided according surface treatments into five subgroups Gr 1; no surface treatment
(control), Gr 2; alumina particles with size (50um) for sandblasting, Gr 3; alumina particles with size (110xm) for sandblasting, Gr
4; etching by plasma technology, Gr 5; etching by hydrofluoric acid (n=7). Microhardness was measured by using Digital Display
Vickers Microhardness Tester and flexure strength by using Universal Testing Machine. Results: The results of this study revealed
that; Control group of ENA recorded statistically significant highest microhardness. Control group of LVU recorded statistically
significant highest flexure strength. Conclusion: Surface treatment has adverse effect on microhardness and flexure strength of

both resin ceramic materials.
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) ] ] ) ) properties of resin-infiltrated ceramics (RIC) make
mechanical properties, optical properties, chemical . . . o .
. ) o them an interesting choice as interim restorations
stability and biocompatibility . . e
during management of and rehabilitation of
Though with invent and advancement of material complicated cases .
science and processing techniques, newer ceramics are . . .
P . £ q R . A new hybrid resin ceramic CAD/CAM blocks
now able to withstand cracks and fracture . During ) . .
combine the advantageous properties of ceramics,
the last decade there have been remarkable develop- . . .
. L. . . such as durability and color stability, with those
ments in the application of computer-aided design-

computer-aided milling (CAD-CAM) techniques. This
led to high restoration accuracies, reductions in the

of composite resins, such as improved flexural
properties and low abrasiveness ©®. One of the

. . . . most important features of hybrid ceramic is that
fabrication cost per unit, and shortening of the time

required to fabricate the restoration it causes far less wearing out of the antagonist

tooth, which is a known disadvantage of feldspathic

Recently, manufacturers have been developing
new formulations for chairside CAD/CAM materials
composed of two matrices: a polymer and a ceramic

ceramic, while it also has the advantage of a simple
fabrication process because sintering is not required
after milling .
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So, hypothesis of this study was done that there
will be an effect of different surface treatments on
microhardness and flexure strength of both resin
ceramic materials

MATERIALS AND METHODS

In this in-vitro study, two types of CAD/CAM
resin ceramic materials (Vita Enamic [ENA] and
Lava Ultimate [LVU]) were used. Two properties
were measured in this study (microhardness and
flexure strength) before and after different surface
treatments.

Samples grouping:

A total number of 140 samples were used in this
study (70 samples for each test). The samples were
divided into two equal groups according to type of
materials (LVU and ENA), then each group was
subdivided according to surface treatments into five
subgroups Gr 1; no surface treatment (control), Gr 2;
alumina particles with size (50 m) for sandblasting,
Gr 3; alumina particles with size (110um) for
sandblasting, Gr 4; etching by plasma technology,
Gr 5; etching by hydrofluoric acid (n=7).

Samples preparation:

Materials were sectioned into 1.5 mm thickness
for microhardness test and (4 mm width, 2 mm
thickness, 14 mm length) for flexure strength test
according to (ISO 6872:2008) by using an Isomet
Saw (Buehler, Lake Bluff, IL, USA).All samples
were wet polished sequentially with 600, 800, and
1000 silicon carbide paper (3M, St. Paul, MN, USA)
then rinsed with water ®

Different surface treatments:

Sandblasting was performed by airborne-
abrasion that applied evenly to the surfaces of the
samples, by spraying (50-ym & 110-um) Al O,
particles (Quattro IS, Renfert, Hilzinger, Germany)
for 20 second from a distance of 10 mm, at
pressures of 0.1 MPa by using sandblasting machine
(Sandstorm, Vaniman manufacturing Co, Fallbrook,
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California, US)?. A low vacuum non-thermal-
plasma chamber (Femto PCCE Zahntechnik,
diener electronic GmbH und Co. KG, Ebhausen,
Germany) was used for the plasma treatment. For
this purpose, oxygen gas was used as the working
gas in the plasma focus system and the condenser
bank was charged to 12 kV. The energetic oxygen
ion beam took the shape of fountain and spread
upwards to bombard the facing samples ©. HF gel
9.6% (Micerium S.B.A. Via G. Italy) was applied to
the surface of the samples for 60 s and rinsed with
distilled water for 2 min.

Microhardness test:

After different surface treatments surface micro-
hardness of the samples was determined using Digi-
tal Display Vickers Microhardness Tester (Model
HVS-50, Laizhou Huayin Testing Instrument Co.,
Ltd. China) with a Vickers diamond indenter and a
20X objective lens. A load of 200 g was applied to
the surface of the samples for 20 seconds. Three in-
dentations, which were equally placed over a circle
and not closer than 0.5 mm to the adjacent indenta-
tions, were made on the surface of each sample. The
diagonals length of the indentations were measured
by built in scaled microscope !?.

Microhardness was obtained using the following
equation: HV=1.854 P/d*

Where, HV is Vickers hardness in Kgf/mm?, P is
the load in Kgf and d is the length of the diagonals
in mm.

Flexure strength test:

After different surface treatments samples
were individually and horizontally mounted in a
custom made loading fixture [three point bend test
assembly; two parallel stainless steel rods with span
length 13 mm (ISO 6872:2008) supporting the
sample, with the damage site centrally located on
the tensile side] on a computer controlled materials
testing machine (Model 3345; Instron Industrial
Products, Norwood MA, USA) with a load cell of 5
kN and data were recorded using computer software
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(Instron® Bluehill Lite Software). Then the samples
were statically compression loaded until fracture at
a crosshead speed of 1 mm/min.The stress-strain
curves were recorded with computer software.
Flexure strength represents the limiting stress at
which failure or instability is imminent. The value
of the calculation of flexure strength was guided by
the formula: Flexure strength (6) =3F (L)/ 2wh? 1),

Where; F is the maximum load at the point of
fracture (N), L is the support span (mm), w is the
width of the sample (mm) and h its height (mm).

Statistical Analysis

Independent-samples t-test of significance
was used when comparing between two means.
A one-way analysis of variance (ANOVA) when
comparing between more than two means. Post Hoc
test was used for multiple comparisons between
different variables.

RESULTS

Microhardness:

The comparison between the mean microhard-
ness of the two ceramic materials with and without
surface treatments are graphically represented in
figure (1).
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FIG (1) Bar chart of microhardness mean values for both res-
in ceramics materials as function of different surface
treatments.
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Control group of ENA recorded statistically
significant higher microhardness mean value than
LVU. Microhardness decreased when different
surface treatments were used. Control group of
ENA recorded statistically significant highest mi-
crohardness mean value (252.77 +£5.30 Kgf/mm?),
followed by plasma surface treatment group mean
value (198.03 + 5.48 Kgf/mm?), then 50ym Al O,
surface treatment group mean value (191.85 + 4.89
Kgf/mm?), then HF surface treatment group mean
value (162.47 +2.21 Kgf/mm?), while110pm ALO,
surface treatment group mean value recorded statis-
tically significant lowest microhardness mean value
(158.35 + 2.78 Kgf/mm?2) in all different surface
treatments as indicated by ANOVA test followed by
pair-wise Tukey’s post-hoc test (p <0.05).

Control group of LVU recorded statistically sig-
nificant highest microhardness mean value (120.67
+ 2.009 Kgf/mm?) followed by plasma surface
treatment group mean value (101.18 + 2.27 Kgf/
mm?), then HF surface treatment group mean val-
ue (99.8267 + 3.923 Kgf/mm?), then 50 ym ALO,
surface treatment group mean value (81.9333 +
2.46955Kgf/mm?), while 110 xm AL O, group of
LVU recorded statistically significant lowest micro-
hardness mean value (70.7667 +0 88015Kgf/mm?)
in all different surface treatments as indicated by
ANOVA test followed by pair-wise Tukey’s post-
hoc test (p <0.05).

Flexure Strength:

The comparison between the mean flexure
strength of the two ceramic materials with and with-
out surface treatments are graphically represented
in figure (2).

Control group of LVU recorded statistically sig-
nificant higher flexure strength mean value than
ENA. The flexure strength decreased when differ-
ent surface treatments were used. Control group
of LVU recorded statistically significant highest
flexure strength mean value (139.84 +10.69 MPa),
followed by plasma surface treatment group mean
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FIG (2) Bar chart of flexure strength mean values for both ceramic
materials as function of different surface treatments

value (132.81 + 6.78 MPa), then 50pm Al O, sur-
face treatment group mean value (128.82 + 10.75
MPa), then HF surface treatment group mean value
(119.79 £3.54 MPa), whilel10pm Al O, surface
treatment group mean value recorded statistical-
ly significant lowest flexure strength mean value
(90.79 = 8.45 MPa) in all different surface treat-
ments as indicated by ANOVA test followed by
pair-wise Tukey’s post-hoc test (p <0.05) . In ENA,
control group recorded statistically significant high-
est flexure strength mean value (111.99 +5.78 MPa)
followed by 50um Al O, surface treatment group
mean value (105.13 = 2.55 MPa ), then HF surface
treatment group mean value (99.68 + 9.25 MPa ),
then plasma surface treatment group mean value
(93.40 £ 8.65 MPa), while AL,O, 110um group of
ENA recorded statistically significant lowest flexure
strength mean value (87.59 +7.26 MPa) in all dif-
ferent surface treatments as indicated by ANOVA
test followed by pair-wise Tukey’s post-hoc test (p
<0.05).

DISCUSSION

The combination of accurate digital imaging
systems combined with state of the art design
and milling technology (CAD/CAM) allowed
fabrication of all-ceramic restoration with high
reliability and success rate. Recently, new resin
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ceramics CAD/CAM blocks were introduced to the
dental field, composed of two matrices: a polymer
and a ceramic networks (2.

Surface hardness is a key in determining the ease
of machining and the degree of chipping during a
grinding process, which has a direct impact on the
clinical life of the dental restoration. Surface hardness
also described as relative measure of resistance
to permanent surface indentation. Indentation
hardness is defined as a factor that affects the
capability of getting finished and polished and also
resistance of a material to occlusal wear. Also, resin
ceramics are ideally softer than the conventional
ceramics, to avoid damage to opposing dentition 1%,
The Vickers hardness indentation techniques are the
most suitable methods for evaluation the hardness
of brittle materials (dental ceramics) (9.

The flexural strength measurement can be used
to evaluate the resistance of a material to failure
from bending. Ceramic materials are brittle and
may contain flaws. When the stress is pointed to
the material in different directions as in the biaxial
three-point bending flexural strength test, more
flaws can be situated perpendicular to loading axes
compared with the uniaxial tension test. Differences
in strength values between the test methods were
observed when the three-point-bend test and the
biaxial flexural strength test were compared. The
three-point bend test gave 20% to 30% higher
strength values. This might be because not all the
strength-limiting flaws were situated perpendicular
to the loading axis ¥,

The present study found that ENA recorded sta-
tistically significant higher microhardness mean
values than LVU. ENA seems to have similar wear
resistance to glass-ceramics, which contain sil-
ica particles. Therefore one could expect that this
ENA exhibits relatively good wear performance
clinically @9,

This is aggrement with El Zhawi et al V” whose
reported that ENA has a dual-phase microstructure,
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with a dominant feldspathic ceramic network that is
interpenetrated by a polymer phase. The use of the
dual microstructure with interpenetrating networks
also fully capitalizes the advantage of the CAD/
CAM technology.

In the present study, LVU has significantly
higher flexural strength than ENA. Although both
of these materials contained organic network, there
are differences in inorganic content of these two
materials: LVU has 31% ZrO, and ENA has 20.6%
Al O; in the inorganic structure '¥.

Both LVU and ENA were produced to combine
the advantages of ceramics and polymers. Although
these materials are classified similarly, they are
manufactured differently. ENA material containing a
weak glass matrix and irregularly shaped crystalline
phases such as silica, potash, and alumina, which
are more brittle than the LVU @9,

This aggrement with Sonmez et al '® whose
found that significantly different flexural strength
of LVU and ENA may be due to the differences
in composition of the resin matrix, dimension,
and dispersion of the filler particles. This finding
disagreement with Abi et al ®® whose found this
difference insignificant which may be due to
different test methods and samples dimensions.

Air abrasion decreased microhardness and flex-
ure strength of resin ceramic materials compared
with plasma surface treatments. This is due to ap-
pearance of surface microcracks and destruction
after air abrasion of resin ceramic surfaces. If air
borne-particle abrasion is chosen as the surface pre-
treatment for resin ceramics, grit blasting should be
performed with due care. The use of small particles
and low pressures is of particular importance, be-
cause otherwise surface damage and crack forma-
tion may occur @,

Oxygen plasma was found to produce standard
treatment similar to airborne particle abrasion, but
without significantly altering surface properties 2.
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As shown in present study, plasma treatment did
not cause obvious changed in microhardness and
flexure strength. HF acid etching for 60 s decreased
microhardness and flexure strength of ENA in
comparison with LVU. This is may be due to HF
acid dissolves the glassy phase of the ENA and
thus changes the microstructure of ceramic surface.
This creates micro porosity on the resin ceramic
surface®.

CONCLUSION

Within the limitations of this study the following
conclusions might be drawn:

1. Surface treatments have adverse effect on mi-
crohardness and flexure strength of both resin
ceramic materials.

2. Sandblasting with 110um ALO, particles has
deteriorating effect on the properties of resin ce-
ramic materials, while plasma had less influence
on all tested materials.
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