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1 | INTRODUCTION
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Abstract

Information on the mechanical properties and repairability of computer-aided de-
sign/computer-aided manufacturing (CAD/CAM) blocks is scarce. Five CAD/CAM
blocks with similar indications were evaluated, including four resin nanoceramics,
one polymer-infiltrated ceramic network (PICN), and one feldspathic ceramic. CAD/
CAM blocks were sectioned into 4 mm X 1.2 mm X 13 mm bars for flexural strength
(FS), and 4 mm thick blocks were prepared for elastic modulus (EM), nanohardness
(NH), and microshear bond strength (uSBS) testing. FS of the CAD/CAM blocks
was determined using a three-point bending test, whereas EM and NH values were
measured using a nanoindenter. The reparability of the tested block materials was
determined by the uSBS test. One-way ANOV A was conducted for FS, EM, NH, and
uSBS followed by Tukey's pairwise comparison (o < 0.05). FS ranged from 115 to
207 MPa, EM from 8.21 to 44 GPa, NH from 0.76 to 7.24, and uSBS from 24.9 to
30.6 MPa. The findings of the present study revealed that resin nanoceramic blocks
exhibited higher FS values than PICN and feldspathic ceramic, and they have accept-
able mechanical properties for the fabrication of single-unit restorations according to
the ISO 6872:2008. Furthermore, all CAD/CAM blocks tested can be successfully

repaired regarding their recommended repair protocol.
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Ceramics have long been preferred in dental practice because
of their color stability, superior aesthetics, and biocompati-

One of the primary goals of dentistry is to restore defected
tooth structures using restorative materials with mechanical
properties similar to those of the natural tooth structures.’
In the conventional approach, indirect restorations are made
with ceramic powders or composite resin pastes mostly in
laboratories after taking an impression, which increases the
treatment time and cost. Nowadays, computer-assisted de-
sign and computer-assisted manufacturing (CAD/CAM)
technology is getting more popular and dentists can perform
aesthetic ceramic restorations in a short time with lesser
appointments compared with the conventional approach.

bility."* However, ceramics are microstructurally brittle ma-
terials with low fracture toughness, and they cause wear to
opposing tooth during the mastication.”> Another material
that can be used for CAD/CAM technology is composite res-
ins. Composite resins also have some disadvantages such as
lower wear resistance and poor color stability compared with
ceramics.®® In order to improve these unfavorable properties,
polymer-based CAD/CAM blocks have been produced.

The polymer-based CAD/CAM blocks aim to combine the
advantages of ceramics and polymers.g’lo These materials can
be classified according to their microstructural geometry into
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two types: nanoceramics (resins with dispersed fillers) and
polymer-infiltrated ceramic network (PICN) materials or du-
al-network ceramics.'' In general, polymer-based CAD/CAM
materials undergo more elastic deformation prior to failure, so
that these materials tend to get less brittle, and are more flex-
ible.> Furthermore, studies are revealing that polymer-based
CAD/CAM blocks have better flexural strength (FS) perfor-
mance, lower elastic modulus (EM), and hardness compared
with ceramic ones.'*'* Studies have reported that these materi-
als are suitable for single-unit crown restorations, occlusal ve-
neer restorations, and inlay/onlay restorations. 1>

Despite the sufficient physical properties reported, resto-
rations may fail due to various reasons, especially in the pos-
terior region.16 These failures may present themselves in the
form of bulk fracture or chipping. The previously published
literature indicates that the mechanical properties, such as frac-
ture strength,12 fracture toughness,12 and rm'crohardness,'z’l7 of
polymer-based CAD/CAM restorative materials are affected by
aging. Furthermore, it was stated that the thickness of CAD/
CAM restorations was also effective on the fracture against
chewing forces. In cases of CAD/CAM restoration failures,
such as chipping and fracture, intraoral repair should be consid-
ered as a minimally invasive approach, conserving the existing
restoration and sound dental structures.'® Studies suggest that
intraoral repair applications are both cost-effective and prolong
the life of the fractured restoration.'®'® Various techniques,
such as hydrofluoric acid (J,tchingzo’21
2022 can be used in intraoral repair processes. There
are a number of polymer-based CAD/CAM block materials
available on the dental market. They vary in their compositions
(such as microstructural geometry, filler type, and load) and
properties (such as FS, EM, and hardness). These differences
may influence their adhesion to the repair substrate.

Although the mechanical properties of restorative ma-
terials provide information on longevity, the repairability
of these materials is also of great importance. To date,
mechanical behavior characteristics and repairability of
polymer-based CAD/CAM blocks have not been exten-
sively investigated. Therefore, the aim of this in vitro study
was to investigate the mechanical properties, including
FS, EM, and nanohardness (NH), of CAD/CAM blocks.
Furthermore, the repairability of CAD/CAM blocks was
evaluated by performing microshear bond strength (uUSBS)
test. The tested null hypotheses were that (1) the FS, EM,
and NH values of CAD/CAM blocks tested would be sim-
ilar, and (2) there would be no difference among the uSBS
values of the repaired CAD/CAM blocks.

and aluminum-oxide air
abrasion

2 | EXPERIMENTAL PROCEDURE

Five CAD/CAM blocks with similar clinical indications,
including CeraSmart (CS; resin nanoceramic; GC Corp.),
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Block HC (HC; resin nanoceramic; Shofu Dental GmbH),
Lava Ultimate (LU; resin nanoceramic; 3M ESPE), Vita
Enamic (VE; dual-network ceramic; Vita Zahnfabrik, H.
Rauter), and Vitablocs Mark II (VM; feldspathic ceramic;
Vita Zahnfabrik, H. Rauter) were tested. The detailed infor-
mation about compositions of the tested CAD/CAM blocks
is given in Table 1.

2.1 | Flexural strength test

Flexural properties were measured using a three-point bend-
ing test according to ISO 6872:2008. Sixteen specimens were
fabricated for each of five CAD/CAM blocks. CAD/CAM
blocks were cut into rectangular-shaped bars (4 mm wide,
1.2 mm thick, and 13 mm length)lz’15 using a high precision
cutter (IsoMet High Speed Pro, Buehler) under water-cooling
(n = 16 for each material). The specimen surfaces were then
wet grounded by using silicon carbide (SiC) papers with a
grit of 600, 800, and 1200 in ascending order. The specimen
dimensions were checked with a micrometer, and any speci-
mens out of the range (+50 pm) were discarded. The speci-
mens were then ultrasonically cleaned in deionized water
for 10 min. After allowing specimens to air-dry for 24 h
at room temperature, the three-point bending test was con-
ducted. Each specimen was loaded to failure on a 10 mm long
support span by a universal testing machine (MOD Dental,
Esetron Smart Robotechnologies) at a crosshead speed of
0.5 mm/min (Figure 1). The three-point FS was calculated
under the following formula: FS = 3Nl/2bd2, where N is the
fracture load (N), [ is the support span in mm, b is the width
of the specimen in mm, and d is the thickness of the specimen

in mm.'>"

2.2 | Elastic modulus and nanohardness
measurement

Forty specimens of 3 mm thickness were obtained using
the same precision cutter (n = 8 for each material). They
were wet grounded by using SiC papers with a grit of 600,
800, and 1200. The specimens were then ultrasonically
cleaned in deionized water for 10 minutes. After cleaning,
the specimens were air-dried at room temperature for 24 h.
Nanoindentation was used to measure the EM and NH of
the tested CAD/CAM blocks. Five indentations were per-
formed on each specimen using a nanomechanical tester
(TT 950 TribolIndenter, TI 950, Hysitron Inc.) equipped
with a Berkovich diamond indenter tip of a nominal radius
of 100 nm. An objective lens with X20 magnification was
utilized for accuracy. The loading/unloading rates used
were 0.5 mN/s, with a dwelling time of 10 s. The maximum
load was set to 5.0 mN.*
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TABLE 1 Materials used in the study.
Filler by
Material/LOT Type Monomer Filler weight
CeraSmart (CS; GC Corp., Tokyo, Resin nanoceramic Bis-MEPP, UDMA, DMA  Silica (20 nm), barium glass 71%
Japan)/150625A (300 nm)
Block HC (HC; Shofu Dental GmbH, Resin nanoceramic UDMA, TEGDMA Silica powder, micro fumed 61%

Ratingen, Germany)

Lava Ultimate (LU; 3M ESPE, St.
Paul, MN, USA)/N619802

Resin nanoceramic

Vita Enamic (VE; Vita Zahnfabrik
H. Rauter, Bad Sackingen,
Germany)/51540

Vitablocs Mark II (VM; Vita
Zahnfabrik H. Rauter, Bad
Sackingen, Germany)/35360

Polymer-infiltrated
ceramic network

Feldspathic ceramic

silica, zirconium silicate

Bis-GMA, UDMA, Bis- SiO, (20 nm), ZrO, 80%
EMA, TEGDMA (4-11 nm), aggregated
Zr0,/Si0, cluster
(Si02 = 20 nm,
7ZrO, = 4-11 nm)
UDMA, TEGDMA Feldspar ceramic enriched 86%

with aluminum-oxide

— Feldspar ceramic o

Abbreviations: Bis-EMA, ethoxylated bisphenol-A dimethacrylate; Bis-GMA, bisphenol A diglycidyl methacrylate; Bis-MEPP, 2,2-Bis
(4-methacryloxypolyethoxyphenyl) propane; DMA, dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.

i Force

O
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B

Three-point bending test diagram in mm.

«—— 14 — >

FIGURE 1

2.3 | Microshear bond strength test

The blocks were sliced into 3-mm thick slices using the same
precision cutter. They were then wet grounded with SiC pa-
pers (600-, 800-, and 1200-grit). For surface treatment, CS, HC,
and LU were air-abraded with 50 um aluminum-oxide particles
using a mini sandblaster (Airsonic® mini sandblaster, Hager
Werken) at 2.0 bar pressure and 10 mm above the specimen
surface, whereas VE and VM were acid-etched with 9% hy-
drofluoric acid (Ultradent) for 60 s, as recommended by their
manufacturers. After the surface treatment, the specimens were
ultrasonically cleaned for 10 min. After that, a silane cou-
pling agent (Clearfil Ceramic Primer Plus, Kuraray Noritake
Dental Inc.) was applied and followed by an universal adhe-
sive (Clearfil Universal Bond, Kuraray Noritake Dental Inc.)
application. The adhesive was light-cured using an LED curing
unit (Elipar Deep Cure, 3M ESPE). The polyvinyl tube with
an inner diameter of 1 mm was sliced into microtubules with
0.5 mm height. Each transparent microtubule was adjusted over

the specimen surface. The microtubules were carefully filled
with composite resin (Filtek Ultimate Flowable, 3M ESPE).
Composite resins were cured via light-activation following the
manufacturers’ instructions using the LED curing unit for 20 s
(n = 8 for each material), and then polymerized specimens were
stored in distilled water for 24 h. After 24 h, the microtubes
were removed using a surgical blade.

A microshear testing device (MOD Dental, Esetron Smart
Robotechnologies) was performed a shear force to the ad-
hesive interface at 0.5 mm/min crosshead speed. The load
at failure was recorded, and the uSBS value was calculated
by dividing the load at failure (N) to the area of adhesive
interface (mmz). The failure modes were observed under a
stereomicroscope at 30X magnification. Failure modes were
classified as adhesive failure, cohesive failure, or mixed
failure.

2.4 | Statistical analysis

Differences in FS, EM, NH, and bond strength values were
analyzed using one-way analysis of variance (ANOVA). Post
hoc tests were performed using the Tukey HSD for pair-wise
analysis among the materials. All statistical analyses were
performed with the software Prism (GraphPad Software)
with a = .05.

3 | RESULTS AND DISCUSSION

The present in vitro study examined the mechanical prop-
erties including FS, EM, and NH of CAD/CAM blocks. In
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addition, repair bond strength of CAD/CAM blocks was
evaluated by performing uSBS test. The findings of the one-
way ANOVA tests revealed that FS, EM, NH, and bond
strength values varied significantly among the tested materi-
als (p < 0.01). Therefore, the first hypothesis—that FS, EM,
and NH values of CAD/CAM blocks tested would be simi-
lar—was rejected. Moreover, the second hypothesis—that
there would be no difference among the uSBS values of the
repaired CAD/CAM blocks—was accepted as no significant
difference was detected among the repair uSBS values of the
different CAD/CAM blocks (p > 0.05).

Uniaxial flexure test (three-point bending test) is a fre-
quently preferred and well-established method for testing the
fracture strength of dental materials.”'? In the present study,
statistically significant differences were detected between
the FS values of the tested CAD/CAM materials (p < 0.01),
as shown in Figure 2. The highest FS values were obtained
for the resin nanoceramic blocks (LU, CS, and HC, respec-
tively), followed by the PICN (VE) and feldspathic ceramic
(VM) materials. These findings are in accordance with those
of previous studies.®!3** The lowest FS value was observed
for the VM group (p < 0.01). VM is a feldspar-reinforced
aluminosilicate glass material that contains a weak glass ma-
trix with amorphous crystalline phases (silica and alumina).
Therefore, VM is more fragile than zirconia-reinforced ce-
ramic blocks."* With regard to the findings, the fact that the
polymer-based CAD/CAM blocks exhibit better FS than the
VM can be explained by the resin component in their micro-
structure increasing their fracture strength.

Simply put, a PICN material is manufactured by means
of polymer infiltration into the microstructure of feldspathic
ceramics. Coldea et al. investigated the correlation between
the ceramic network densities and the FS, strain at failure,
EM, and surface hardness of a range of PICN materials.?
The authors examined four ceramic network densities vary-
ing between 59% and 72% as well as pure polymer and dense
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FIGURE 2 Mean flexural strength (MPa) of tested CAD/CAM
blocks. Horizontal line above bars indicates that there is no statistical
difference.

Ceramic

. . TECHNOLOGY 3
ceramic cross-sections, and they reported that the ratio be-

tween the porous feldspathic ceramic and the polymer con-
tent influences the mechanical properties, especially the FS
(ranging from 131.1 to 159.9 MPa), EM (16.4-28.1 GPa),
and hardness (1.1-2.1 GPa), of the PICN materials. In the
present study, resin nanoceramic blocks were found to ex-
hibit greater FS than PICN material, which is in line with the
results of prior studies.>'? However, Albero et al. noted this
difference to be insignificant.14 This contrast in findings may
stem from differences in the study methodologies, especially
in terms of the specimen thickness. The differences in the
fracture strengths of the polymer-based CAD/CAM blocks
can be explained by their differing microstructures, including
the chemical composition of the resin matrix and the size and
distribution of the filler particles.8 According to the manu-
facturers’ specifications, VE has an 86/14% ceramic to poly-
mer ratio by weight, whereas LU, CS, and HC have ratios
of 80/20%, 71/29%, and 61/39%, respectively (Table 1). The
evident differences between the ceramic to polymer ratios
may explain the lower FS performance of the PICN material.
Further, LU contains 31% ZrO, filler particles within its in-
organic structure. This factor might have contributed to the
greater FS exhibited by LU when compared with CS and HC.

The EM of tested materials is given in Figure 3. The EM
of CS (9.55 GPa), HC (8.21 GPa), and LU (13 GPa) are
lower than VE (32.2 GPa), which is lower than VM (44 GPa)
(p < 0.01). VE exhibited an EM that is approximately three-
fold greater than the EM of the resin nanoceramic blocks, as
shown in Figure 3. VE is a PICN material. Unlike conven-
tional composites, a PICN material is produced via the inter-
penetration of the resin component into the porous ceramic
scaffold. Thus, it consists of two continuous interpenetrating
networks: ceramic and polymer. A continuous interpenetrat-
ing inorganic network provides stiffness to VE, and is also
responsible for the higher EM. Resin nanoceramic blocks
have one continuous resin matrix that is filled with inorganic
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FIGURE 3 Mean elastic modulus (GPa) of tested CAD/CAM
blocks. Horizontal line above bars indicates that there is no statistical
difference.
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FIGURE 4 Mean nanohardness (GPa) of tested CAD/CAM
blocks. Horizontal line above bars indicates that there is no statistical
difference.

particles, depending on the steric interaction between the in-
organic particles. Moreover, such resins have a percolation
threshold that restricts the reinforcement of the resin matrix.
Therefore, resin nanoceramic blocks have lower elastic mod-
uli than PICN material (p < 0.01).!323:%

The aim is to develop restorative materials that have sim-
ilar mechanical properties to those of the natural tooth struc-
ture.”’?8 According to previous studies, human dentin has an
EM that varies from 16 to 20.3 GPa,B’zg’30 whereas the EM
of human enamel varies from 48 to 105.5 GPa.'**!? The EM
of VE (32.2 GPa) is closer to that of a human tooth than the
EM of VM (44 GPa). Furthermore, a recent study found that
VE has an EM quite similar to that of enamel, which sup-
ports the findings of the present study.33 However, the resin
cements used for the luting of indirect restorations have an
EM similar to that of polymer-based CAD/CAM blocks com-
pared with ceramic ones due to their polymeric structure.>!
Consequently, a system comprising a tooth, resin cement, and
restorative material acts as a monoblock structure against the
chewing forces and also shows a more uniform stress distri-
bution.>"** In the present study, the resin nanoceramic blocks
showed relatively lower EM values (p < 0.01), which is in
accordance with the findings of other studies.'®!> It has been
stated that crown restorations fabricated using restoratives
with low elastic moduli can cause microseparation from the
dental tissues due to creating hoop stress, which is a form
of mechanical stress associated with rotationally symmetric
objects.” This stress development restricts the areas of use of
resin nanoceramic blocks.

Nanoindentation is a confirmed method to precisely mea-
sure the mechanical properties of dental materials.®® In the
present study, it was used to measure the EM as well as the
NH values of CAD/CAM blocks. Figure 4 shows NH values
of the tested materials. The surface hardness can provide valu-
able information about dental materials, such as the cross-
linking density, wear resistance, abrasion potential against

antagonist teeth, and machinability.***" Previous studies
reported that the surface hardness of dentin varies between
0.6 and 0.92 GPa,38’39 while the surface hardness of enamel
varies between 3 and 5.3 GPa.*>* In the present study, the
highest NH value was obtained for VM (7.24 GPa), while the
lowest NH values were obtained for the resin nanoceramics,
namely CS (0.76 GPa), HC (0.83 GPa), and LU (1.25 GPa),
respectively (p < 0.01). VE (3.51 GPa) has an in-between
NH value. This finding is in agreement with the findings
of previous studies.*"> Alamoush et al. evaluated the me-
chanical properties of various CAD/CAM composite blocks,
including CS, HC, LU, VE, and VM, and found that the
lowest NH was recorded for the specimens fabricated from
resin nanoceramics, followed by VE and VM. The fact that
polymer-based CAD/CAM blocks exhibit hardness values
close to those of dental tissues indicates that these materi-
als would not aggressively abrade the opposing dental tis-
sues when functioning as feldspathic ceramics. In terms of
the resin nanoceramic blocks, LU exhibits higher NH than
CS and HC, which differ insignificantly. The greater NH of
LU can be explained by its higher inorganic filler ratio (80%
by weight), as it is reinforced with zirconium to a level of
approximately 31%. According to the results of the present
study, the first hypothesis was rejected as significantly differ-
ent FS, EM, and NH values were observed for the different
CAD/CAM blocks.

Although CAD/CAM blocks with physical properties that
converge with those of the natural tooth structure have been
produced, such materials, whether they are made of ceramic
or composite, are known to fail due to various factors, in-
cluding fatigue, occlusal thickness,'® and the EM of the lut-
ing resin.’! Moreover, monolithic restoratives are associated
with a high clinical failure tendency, especially in the poste-
rior region,‘“’42 and so are frequently replaced. However, the
replacement of a failed restoration may cause extra trauma
and be time—consuming.43 Therefore, restorative materials
should be repaired intraorally as much as possible within the
minimally invasive approach. The repair protocols would in-
evitably differ depending on the microstructural differences
of materials. According to the manufacturer's instructions,
air-borne particle abrasion is recommended for resin nano-
ceramic blocks, whereas hydrofluoric acid etching is recom-
mended for PICN and feldspathic ceramic blocks. Previous
studies also confirm these recommendations.’*! In the pres-
ent study, no statistically significant difference was observed
between the repair bond strengths of the tested CAD/CAM
blocks (p > 0.05), as shown in Figure 5. All tested CAD/
CAM blocks were successfully repaired with their individual
repair protocol, in terms of the acceptable repair uSBS range
(15-25 MPa) suggested by Elsaka.** Failure mode distribu-
tion revealed that repaired specimens exhibit predominantly
cohesive failure (Figure 6), which is supporting the uSBS
results.
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A 1. Resin nanoceramic blocks showed significantly higher flex-

pSBS Bond Strength (MPa)

CS HC LU VE VM

FIGURE 5 Mean repair microshear bond strength (MPa) of tested
CAD/CAM blocks. Horizontal line above bars indicates that there is
no statistical difference.

One of the main limitations of the study was that the spec-
imen dimensions recommended in ISO 6872:2008 could not
be followed since CAD/CAM blocks are produced in certain
sizes, it is impossible to provide recommended specimen
dimensions. Considering that the physical properties of the
materials may change and the bond strength can be affected
after long-term use, the lack of aging process can be shown
among the limitations of the study. Furthermore, clinical evi-
dence is needed to support the findings of this in vitro study.
Therefore, future studies should also include an appropriate
aging protocol to simulate the oral environment.

4 | CONCLUSIONS

Within the limitations of the present study, the following
conclusions were drawn:
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FIGURE 6 Failure mode distribution.

ural strengths than PICN and feldspathic ceramic. Besides,
feldspathic ceramic exhibited significantly the highest elastic
modulus and nanohardness, followed by PICN and others.

2. The mechanical properties of polymer-based CAD/CAM
blocks were within the acceptable range for the fabri-
cation of single-unit restorations according to the ISO
6872:2008. Clinicians should consider material-based dif-
ferences during treatment planning.

3. According to the bond strength testing, CAD/CAM blocks
were successfully repaired with their recommended repair
protocol and no significant differences were observed
among them. Therefore, clinicians may apply a repair pro-
tocol according to the manufacturer's recommendations
when the repair is indicated.
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