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Objective. CAD–CAM blocks to fabricate semi-direct and indirect restorations are available in

different sorts of ceramics as well as composite. In order to bond restorations prepared out of

composite blocks into tooth cavities, it is recommended to gently sandblast the surface prior

to  the application of a primer/adhesive. Today, the effect of sandblasting composite block

surfaces has not thoroughly been investigated. In this study, the ultra-structure of composite

CAD–CAM blocks was investigated with special attention to the effect of sandblasting on the

surface topography and of silanization on the bonding performance.

Methods. Five different composite CAD–CAM blocks were involved. We  correlatively inves-

tigated their structural and chemical composition using X-ray diffraction (XRD), energy

dispersion spectroscopy (EDS), scanning electron microscopy (SEM) and (scanning) trans-

mission electron microscopy ((S)TEM). The effect of sandblasting was also imaged in

cross-section and at the interface with composite cement. Finally, we measured the shear

bond strength to the sandblasted block surface with and without silanization.

Results. All composite blocks revealed a different ultra-structure. Sandblasting increased sur-

face  roughness and resulted in an irregular surface with some filler exposure. Sandblasting

also  damaged the surface. When the sandblasted composite blocks were silanized, superior

bonding receptiveness in terms of higher bond strength was achieved except for Shofu Block

HC.

Significance. Sandblasting followed by silanization improved the bond strength to compos-

ite  CAD–CAM blocks. However, sandblasting may also damage the composite CAD–CAM
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block surface. For the composite CAD–CAM block Shofu Block HC, the damage was so severe

that silanization did not improve bond strength.

©  2016 The Academy of Dental Materials. Published by Elsevier Ltd. All rights reserved.

1.  Introduction

In recent years, the fast progress in computer-assisted tech-
nology has dramatically changed today’s dental practice [1].
Chairside CAD–CAM technology has already been available
for more  than 25 years in the form of the first-generation
Cerec (Sirona, Bensheim, Germany) system. This technology
has evolved to a well-established system, enabling either to
construct semi-direct partial- or full-crown restorations or to
apply it for digital impressioning, so the fixed partial denture
(FPD) can be designed digitally and eventually milled in the
dental technician lab [2]. Today, other in-office CAD–CAM sys-
tems, like the E4D system (Planmeca, Helsinki, Finland), are
available as well as there currently exists a plethora of intrao-
ral scanners for digital impressioning; regarding the latter, one
may expect that the use of conventional impressioning tech-
niques using elastomeric impression materials will decrease
in favor of digital impressioning.

Along with the fast innovation in digital dental devices,
new CAD–CAM blocks in different sorts of ceramics have been
developed, while most recently also CAD–CAM blocks in com-
posite or in a ceramic–composite mixture, often being referred
to as ‘polymer-infiltrated’ or ‘hybrid’ ceramic, have been pro-
duced [3]. One of the first composite CAD–CAM blocks was
Paradigm MZ100 (3M ESPE, St. Paul, MN, USA), but was only
commercially available in certain markets [4]. Since then,
other composite CAD–CAM blocks were developed, using novel
techniques to reach better degrees of conversion or more
favorable filler loading and distributions [5]. One of the major
advantages of composite CAD–CAM blocks is the better milling
accuracy; composite chips less at the restoration margin dur-
ing milling than ceramic does [4]. In addition, composite
is more  gentle in terms of abrasion for the opposing teeth
[6]. Some papers also documented that composite CAD–CAM
blocks are superior in fatigue or fracture resistance than glass
ceramics [7,8]. Due to a recent installment of health insur-
ance reimbursement in Japan regarding the use of composite
CAD–CAM blocks for restoring premolars, many  Japanese den-
tal manufacturers have launched new composite CAD–CAM
blocks to the Japanese market, of which some are also avail-
able outside Japan. Also noteworthy is the documented high
de-bonding rate of Lava Ultimate (3M ESPE) composite blocks,
having forced 3M ESPE to no longer support the indication to
fabricate solitary crowns [9,10].

Since composite CAD–CAM blocks are relatively new mate-
rials, laboratory and clinical data are highly needed. Therefore,
the structure of five composite CAD–CAM blocks was investi-
gated, in particular to assess (1) the effect of sandblasting on
their surface topography and (2) the effect of sandblasting and
silanization on their bonding receptiveness. The null hypoth-
esis investigated was that composite CAD–CAM blocks do not

benefit from sandblasting and silanization with regard to their
bonding receptiveness.

2.  Materials  and  methods

Five composite CAD–CAM blocks were investigated in this
study (Table 1).

2.1.  Scanning  electron  microscopy  (SEM)  of  untreated
composite  CAD–CAM  blocks

From block size 14, thin 1-mm thick slices were cut using a
semi-automated high-speed diamond saw (Accutom, Struers,
Ballerup, Denmark). For each brand, three CAD–CAM blocks
were cross-sectioned by argon-ion milling (SM-090101 Cross-
Section Polisher, JEOL, Tokyo, Japan). Subsequently, a thin layer
of carbon was vaporized on the surface (JEE-420T Vacuum
Evaporators, JEOL), after which the specimens were examined
using Field-emission-gun SEM (Feg-SEM; JSM-6701F, JEOL),
being operated at 5 kV and using an annular semi-conductor
detector.

2.2.  Scanning  transmission  electron  microscopy
(STEM)  of  untreated  composite  CAD–CAM  blocks

Following SEM, the cross-sections were further processed
for STEM using an argon-ion slicer (EM-09100IS Ion Slicer,
JEOL). STEM (JEM-2100F, JEOL) was carried out employing
an accelerating voltage of 200 kV and current density of
40 pA/cm2. Again, three different specimens for each compos-
ite CAD–CAM block were examined.

2.3.  X-ray  diffraction  (XRD)  of  untreated  composite
CAD–CAM  blocks

From block size 14, thin 1-mm thick slices were cut using the
semi-automated high-speed diamond saw (Accutom, Struers).
The surface was ground and polished using a 15-�m diamond
lapping film in order to reach a mirror-polished surface. Three
different specimens for each composite CAD–CAM block were
prepared.

The crystal phases of the specimens were identified using
an X-ray powder diffractometer (CuK�1 1.5406 Å, RINT 2500,
Rigaku, Tokyo, Japan), operated at 40 kV acceleration and
200 mA current and a scanning rate of 0.02◦ s−1 for 2�/� scans.

2.4.  SEM  of  sandblasted  composite  CAD–CAM  blocks

Using the methods described above, additional 1-mm thick
and mirror-polished specimens were prepared and sand-
blasted using a laboratory sandblaster (Hi-Blaster III, Shofu,
Kyoto, Japan). With 50-�m aluminium oxide (HI ALUMINAS,
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