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Evaluation of Shear Bond Strength of Resin-Based CAD/CAM Blocks

Repaired with Resin Composite

Rezin Kompozit
Degerlendirilmesi

Ezgi Tiiter Bayraktar' , Ayse Asli Senol

Abstract

Objectives: Shear bond strength (SBS) of repaired resin-based
CAD/CAM blocks with a resin composite were evaluated in this
in-vitro study.

Materials and Methods: Resin-based CAD/CAM blocks (He
Block, Shofu; Cerasmart, GC corp.; Lava Ultimate, 3M; Brilliant
Crios, Coltene) were used (n=10). Specimens were prepared and
aged with thermocycling. Specimens were roughened by using
diamond burs and adhesive agent (OptiBond Universal, Kerr) was
applied. Resin composite material was placed onto the roughened
surface by using silicone molds for the repair procedure. After
24 hours, second thermocycling procedure was applied and
loaded in an AGS-X Universal testing machine (Shimadzu;
crosshead speed of 1 mm/min) until failure occurred. Leica MZ
75 stereomicroscope (Leica Microsystems; 20x magnification)
was used for the determination of failure type. Kruskal Wallis,
Kolmogorov-Smirnov and Fisher’s Exact tests were used for
statistical analysis (p<0.05).

Results: Failure type differences were not statistically
significant for the tested groups (p<0.05); however, multiple
comparisons for the Cerasmart-Lava Ultimate and Cerasmart-Hc
Block groups showed statistically significant differences (p<0.05).
The highest SBS was measured for the Hc Block group (12.2+7.6
MPa) whereas the lowest was for the Cerasmart group (5.1+4.8
MPa).
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Conclusions: Within the limitations of this study, the type of
resin-based CAD/CAM blocks affected the SBS values of repaired
restorative materials and the bond strength of repaired Cerasmart
blocks was lower than those obtained in the other three CAD/CAM
blocks.
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Amagc: Bu c¢alismada, universal adeziv sistem kullanilarak,
nano-hibrit rezin kompozit ile tamir edilen CAD/CAM bloklarin
baglanma dayanimi (SBS) degerlendirilmistir.

Gerec ve Yontemler: Dort rezin esasli CAD/CAM blok (He
Block, Shofu; Cerasmart, GC corp.; Lava Ultimate, 3M; Brilliant
Crios, Coltene) kullanilarak 3 mm kalinliginda numuneler
hazirland1 (n=10). Bitim islemi uygulanan numuneler termal
siklus ile yaglandirildiktan sonra elmas frezler ile piiriizlendirildi.
Self-etch modunda universal bir adeziv ajan (OptiBond Universal,
Kerr) uygulandi. Tamir i¢in rezin kompozit materyal (Harmonize,
Kerr) silikon kaliplara yerlestirildi, polimerize edildi ve 24 saat
bekletildi. Tlave termal siklus prosediiriinii takiben universal test
cihazinda (AGS-X Universal, Shimadzu) kopma olusana kadar
yik uygulandi. Kopma tipi stereomikroskop (Leica MZ 75,
Leica Microsystems) kullanilarak 20x biiyiitme altinda belirlendi.
Istatistiksel analiz Fisher’s Exact, Kolmogorov-Smirnov ve
Kruskal Wallis testleri ile yapildi (p<0,05).

Bulgular: Test edilen gruplar icin kopma tipleri arasindaki
fark istatistiksel olarak anlamli degildi (p<0,05). Cerasmart-Lava
Ultimate, Cerasmart-Hc Block gruplar arasindaki fark istatistiksel
olarak anlamliyd1 (p<0,05). En yiiksek SBS degeri Hc Blok
grubunda (12.2+7.6 MPa) 6lgiiliirken, en disiik deger Cerasmart
grubunda (5,1+4.8 MPa) gozlenmistir.

Sonuclar: Bu galisma sartlar1 altinda, rezin easali CAD/
CAM blok tipi tamir uygulamasinda SBS degerini etkilemistir.
Harmonize kompozit ile tamir edilen Cerasmart bloklarda diger
iic CAD/CAM blok tamirinde elde edilen baglanma dayanimina
ulagilmamustir.

Anahtar Kelimeler: CAD/CAM Blok, Makaslama Baglanma
Dayanimi, Tamir
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Introduction

Computer-aided design/Computer-aided manufacturing
(CAD/CAM) technology is commonly used in dentistry
for high standard, long term restorations. Designing and
manufacturing steps for the restoration can be performed
both in dental clinic and laboratory. CAD/CAM systems can
eliminate the need for temporary restorations by reducing
the treatment time (Stawarzyck et al., 2015). CAD/CAM
blocks have higher mechanical and optical properties than
resin composites. CAD/CAM blocks are more resistant to
wear and discoloration and these properties help to provide
long-term clinical usage (Edelhoff et al., 2012).

On the other hand, in addition to all these advantages
CAD/CAM materials have some limitations. Internal
stresses, porosity in the restoration due to faulty production,
inadequate interconnection between tooth tissue and
restoration, inconvenient occlusal relationship and
parafunctional habits may cause fractures in CAD/CAM
restorations (Gul & Altinok Uygun, 2020). When fracture
occurs, replacement of the restoration is not be the best
convenient way. Removal of the restoration may cause an
increase in the preparation area and it means loss of more
healthy dental tissue (Rekow et al., 2011). For this reason,
directrepair with resin composite is a more convenient way in
terms of both obtaining faster results and protecting healthy
dental tissue (Loomans & Ozcan, 2016). The selection of the
adhesive agent, restorative material and surface preparation
is the basis of the repair procedure (Arhun & Tuncer, 2017).
There are many options for repairing CAD/CAM restorations
with resin composite. These options are including different
surface treatments, adhesive systems and resin composites
(Elsaka, 2015). The repair procedure includes mechanical
and chemical treatments on the restoration surface to create
surface irregularities, high surface energy, and thus obtain
adequate bond strength (Sismanoglu et al., 2020). Although
there is no standard protocol for the repair procedure of
resin-based CAD/CAM blocks, many studies have included
air abrasion and grinding by diamond bur for mechanical
surface pretreatment (Duzyol et al., 2016; Bayraktar et al.,
2021; Stawarczyk et al., 2015). As the success of the repair
can be affected by different material combinations, studies
including repair with different types of resin composites are
considerable for the clinical success.

Different types of resin composites can be used for the
direct repair procedure. Nano-hybrid resin composites have
advantages owing to their high filler content and nano-
sized filler particles. These advantages are easy handling,

low polymerization shrinkage, superior polishability and
esthetic properties (Alagha, 2020). For the repair procedure
to be successful, a strong bond between the resin composite
and the old restoration is essential (Altinci et al., 2018).

To predict the clinical success of the repaired restoration,
it is necessary to simulate the oral environment. Thermal
cycling is an artificial aging technique of restorative
materials which is desired to test the effect of fluids and
thermal changes on bond strength (Rinastiti et al., 2011).
The shear test subjected in this study is used in many studies
to evaluate the repair bond strength (Stawarczyk et al., 2015;
Jeong & Kim, 2019).

The null hypotheses of this study are, (h ) Failure type
is similar among the tested groups, (h,) there would be no
differences in shear bond strength values (SBS) among the
tested resin-based CAD/CAM blocks.

Materials and Methods

Four resin-based CAD/CAM blocks (He Block, Shofu;
Brilliant Crios, Coltene; Cerasmart, GC corp.; Lava
Ultimate, 3M) were used for their bond strength after
the repair procedure (Table 1). CAD/CAM blocks were
prepared by using a low-speed diamond saw (Isomet,
Buehler Ltd., USA) under water cooling. A total of 40
samples with a thickness of 3 mm were prepared (n=10;
Sismanoglu et al., 2020). The samples were exposed to a
thermo-cycling protocol with 1500 cycles (5-55°C, dwell
time 20 s) to mimic the oral environment (Zanatta et al.,
2017). The surfaces of the specimens to be repaired were
standardized for 15 s with silicon carbide abrasive papers
(600, 800, 1200-grit), under running water (170 rev/m;
Minitech 233, Presi, France) and kept in distilled water for
24 hours (Ozcan et al., 2013). The standardized surfaces of
the specimens were mechanically treated with 125 pm grain
size diamond burs (1292/879; Adia, Turkey; Figure 1) for
5 s at high speed under copious air/water spray to prepare
for the repair protocol. Diamond burs were renewed after
every 5 specimens to provide similar roughening procedure.
Universal adhesive system (OptiBond Universal, Kerr, USA;
Figure 2) and a nanohybrid universal composite (Harmonize,
Kerr) were used for the repair procedure. Following the
application of the universal adhesive (OptiBond Universal,
Kerr) in self-etch mode, 2 mm composite layers were placed
using a silicone mold (Figure 3) and polymerized with
Valo Cordless curing device (Ultradent, USA) in standard
mode (1000 mW/cm? for 20 s; Figure 4-5). After the repair
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procedure was completed, the specimens were immersed in
distilled water for 24 hours and thermal cycling was repeated
to artificially mimic the aging of the repaired restoration
(1,500 cycles; 5-55 °C; dwell time, 20 s). Samples were
mounted on a universal testing machine (AGS-X Universal,
Shimadzu, Japan; Figure 6) for shear bond strength testing.
A continuously increasing loading force was applied at a
1 mm/min crosshead speed. The load was increased until
failure. Failure load was recorded for each sample and
calculated using the following formula: Shear bond strength
(MPa) =load at failure (N)/ bonded surface area (mm?)
(Aquino et al., 2020). The failure type was determined with
a stereomicroscope (Leica MZ 75, Leica Microsystems,
Germany) under x10 and x20 magnification and categorized
as follows: 1) cohesive failure of material (fracture within
the body of resin composite or fracture within the body of
CAD/CAM block), ii) adhesive failure (failure between
CAD/CAM block and a resin composite), iii) mixed failure
(cohesive and interfacial failure at the same time on any
side) (Gul & Altinok-Uygun, 2020). Data were analyzed
statistically by using Kolmogorov-Smirnov, Kruskal Wallis,
and Fisher’s Exact tests with the significance level set at
p<0.05.

Table 1: Chemical compositions of the materials used in the

study.
Brands Monomer Filler Content
Silica-powder,
He Block UDMA, zirconium silicate,
Shofu, Japan TEGDMA | micro fumed silica
61%
Cerasmart GC | Bis-MEEP, 81251:1:22 t::gﬁg s
Corp., Japan | UDMA, DMA | & o 0}’
0
block Lava Ultimate UDMA, Silica and zirconia
3M, USA Bis-EMA, nanoparticles 80%
TEGDMA
Brilliant Crios |  Bis-GMA, Barium class and
Coltene, BISEMA, | . ng. o1y
Switzerland | TEGDMA | ''¢% PAreies 17
N.ano- . Harmonize BI.S-GMA’ Silica and Zirconia
hybrid Resin Kerr. USA Bis-EMA, R1%
Composite ’ TEGDMA ’
Optibond | Monomer: HEMA, GPDM, Glycerol
Adhesive Universal dimethacrylate
Kerr, USA Solvent: Acetone, Ethanol, Water

Figure 1: Roughening with diamond bur

Figure 2: Adhesive agent application

Figure 3: Placing of the resin composite
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Figure 4: Polymerizing with LED curing device

Figure 5: Removal of silicone mold

Figure 6: Loading in the shear bond testing

Results

A statistically significant difference was found among
the mean SBS values of the groups (p=0.011). The highest
SBS value was detected in the He Block group (12.2+7.6
MPa), whereas the lowest in the Cerasmart group (5.1+4.8
MPa) (Table 2; Figure 7). Statistically significant differences
were found between Cerasmart-Lava Ultimate (p=0.005)
and Cerasmart-Hc Block groups (p=0.003) (Table 3). Mean
SBS values of the Cerasmart group (5.1 + 4.8) were lower
than HC block (12.2 + 7.6) and Lava Ultimate (12.0 = 7.0)
groups. Differences between adhesive, cohesive and mix
failure types (Figure 8; Figure 9) were not statistically
significant among the tested groups (p<0.05).

Table 2: Difference between the mean SBS values (MPA) among

the CAD/CAM blocks.
Brands Mean = SD
Brilliant Crios 9.0+6.5
Cerasmart 5.1+£48
He Block 122+7.6
Lava Ultimate 120+7.0
Total 9.5+6.9
p (sig.) 0.011%
*Kruskal wallis test
9.1 9.3
U2
3.9
Brilliant Cerasmart Hc Block Lava
Crios MPA Ultimate

Figure 7: Mean SBS values of the groups

Table 3: Multiple comparisons of the SBS values regarding the

blocks.
Blocks p (sig.)

Cerasmart 0.052
Brilliant Crios Hc Block 0.315
Lava Ultimate 0.280
Cerasmart He Block 0.003*
Lava Ultimate 0.005*
Hc Block Lava Ultimate 0.842

*Fishers Exact test
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Figure 8: Evaluation of failure types (x10, x20) a) Cohesive
failure type (within the block), b) Mixed failure type (adhesive +
cohesive), ¢) Adhesive failure type
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Figure 9: Comparison of failure type analysis (%) between the
groups

Adhesive " Cohesive M Mix

Discussion

Restoration fractures and chipping are frequently
encountered clinical failures of the restorations (Vianna
et al., 2018). Although CAD/CAM blocks show similar
properties to natural tooth, various factors can cause fractures
in restorations. When a clinical failure occurs, restorations
are frequently replaced; however, the manufacturing of
the new restoration can cause extra trauma and time loss.

In these cases, performing the repair procedure instead
of replacement of the restoration may be a less costly
alternative and may reduce tissue loss (Kanzow et al., 2021;
Kanzow et al., 2016). Therefore, CAD/CAM restorations
should be repaired directly as much as possible (Sismanoglu
etal., 2021).

In current dental treatments, repair procedure is applied
to various restorations such as amalgam, resin composite,
or porcelain (Blum et al., 2014). Abrasion with diamond
and carbide burs, etching, airborne particle abrasion,
tribochemical silica airborne particle abrasion, silane,
primer and resin adhesive applications are frequently applied
methods for the surface pretreatments of various materials
before repair and have been investigated in numerous
laboratory studies (Kanzow et al., 2019). The steps to be
followed in the repair procedure for each restoration type
differ depending on its content. Strasser et al. evaluated
the effects of surface pretreatment on different CAD/CAM
materials, including ceramics, zirconia, resin-infiltrated
ceramics, and resin-based composites. It was stated that for
optimized and protective surface activation of CAD/CAM
materials with different content, special pre-treatment is
required for each material (Strasser et al., 2018). However,
there is no consensus yet on a standard repair protocol for
CAD/CAM resin-ceramic hybrid materials (Stawarczyk et
al., 2015; Elsaka, 2015). For these reasons, in the present
study, the success of repairing CAD/CAM blocks with resin
composite was investigated.

CAD/CAM blocks
temperature and pressure since they show higher degree

are polymerized under high

of conversion (DC) than resin composites (Bayraktar et
al., 2021). Despite the high temperature and pressure,
resin monomers cannot reach to 100% polymer, leaving
free monomers remaining in the material. Because of the
unpolymerized double carbon-carbon bonds, covalent bond
formation occurs between restoration and resin composite
(Bayraktar et al., 2020). According to this information,
repair capacity of the material increases in parallel with the
resin content. In the present study CAD/CAM resin blocks
were selected due to their high resin content.

Despite the low amount of unreacted C=C bonds,
as CAD/CAM resin blocks have a higher DC than
conventionally polymerized resins, the bond strength of the
repair is significantly improved with the use of adhesive
systems and surface pretreatments (Stawarczyk et al., 2015).
Mechanical surface pretreatments are applied to obtain
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surface topography that increases the surface roughness and
energy required for the bond strength of the repair.

In this study, grinding with diamond burs is considered
as the pretreatment of the repair surface. Surface roughening
with diamond bur, which is one of the mechanical surface
preparation methods, has easy clinical applicability and is
an accessible equipment (Arhun & Tuncer, 2017). In the
pretreatment of resin restorative materials with a bur, a
rough surface emerges as a result of different wear types
that occur in the organic and inorganic phase of the material
with different hardness. With this rough structure, it is
aimed to contribute to the mechanical interlocking between
the adhesive and the repair surface. The type of wear on
the surface differs according to both the restorative material
and the grit size of the diamond bur (Valente et al., 2015).
Strasser et al. concluded that the grinding procedure with
medium-grain diamond burs can be preferred for intraoral
repair of resin-based composite blocks (Cerasmart, GC
Corp.; LAVA Ultimate, 3M; HC Block, Shofu; Grandio
Blocs, Voco; Brilliant Crios, Coltene) (Strasser et al., 2018).
Similar to other studies, Gilingor et al. showed that surface
treatments involving grinding using 125 pm grain size
diamond bur significantly increased SBS in CAD/CAM
resin-ceramic hybrid materials. When the roughness values
are compared, the surfaces roughened with diamond bur
give the highest value, followed by the surfaces abraded
with air particles (Gilingor et al.,, 2016). In the study
conducted by Bayraktar et al., the highest microtensile bond
strength results in Lava Ultimate material was obtained by
bur grinding (diamond bur with 107-181 pum grain size).
It has been reported that resin-ceramic CAD/CAM blocks
show less chip formation after surface grinding by bur than
hybrid ceramic and feldspathic ceramic blocks (Bayraktar
et al., 2021). Contrary to other studies, there is a study that
argues that surface treatments reduce the bond strength in
resin-based CAD/CAM block (Lava Ultimate, 3M) and
should be avoided (Duzyol et al., 2016).

Fracture type analysis is one of the methods used to
evaluate bond strength. Adhesive failure means decreased
SBS, whereas cohesive failure is associated with increased
SBS (Kilinc et al., 2020). In the present study adhesive
failure rate is higher than cohesive and mixed failure types
but the difference was not statistically significant. The
hypothesis (h0) “Failure type is similar among the tested
groups” was accepted.

Previous studies have shown that the degree of
conversion decreases more with TEGDMA than with UDMA

(Gajewski et al., 2012). A high degree of conversion means
that it contains more free monomers thereby increasing
the repair capacity of the material. In the present study,
Cerasmart group showed the lowest SBS value, which can
be explained with its TEGDMA content. While Cerasmart
does not contain TEGDMA, the other three groups have
TEGDMA in their content.

The difference between the mean SBS values of
Ultimate Block

groups were found to be statistically significant (p<0.05).

Cerasmart-Lava and Cerasmart-Hc
Hypothesis (h1) “There would be no differences in shear
bond strength values (SBS) among the tested resin-based
CAD/CAM blocks.” was rejected. This difference can be
attributed to the TEGDMA content of Lava Ultimate and
Hc block groups.

The content of the repaired restoration, the material used
for the repair, and the ratio and composition of the fillers
of these materials are among the important factors in repair
bond strength. In the current study, nanohybrid composite

was preferred as the repair composite.

Conflicting results have been obtained in studies
comparing the repair bond strength of different resin-based
composite materials classified according to their filler
content. Zakavi et al. compared the repair bond strengths
of hybrid, microhybrid, and nanofilled composites and the
nanocomposite failed to produce appropriate repair bond
strengths (Zakavi et al., 2021). In the study of Nassoohi et
al., nanohybrid and nanofilled composites showed similar
microtensile bond strength, while microhybrid composite
had higher bond strength (Nassoohi et al., 2015). Ozcan et
al. reported that repair strength seemed to be more stable
for the nanofilled resin composite than for the nanohybrid
composite (Ozcan et al., 2013).

In this study, CAD/CAM blocks were repaired with
Optibond universal, single-component light-cured adhesive,
which is a new material and studies are limited. As the
glycerol phosphate dimethacrylate (GPDM) in Optibond
universal has two polymerizable groups, it prones to
react more strongly with the monomers in the adhesive
and restorative material and shows an increased degree
of conversion. A relatively high acidity of 1.9 has been
reported for Optibond universal compared to other universal
adhesives in the study by Aung et al (Aung et al., 2021).
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