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This study evaluated the effects of various surface pretreatments using chairside air abrasion with water injection or laboratory
sandblasting devices on the shear bond strength of resin luting agents to three CAD-CAM prosthetic materials: resin composites,
glass ceramics, and zirconia. Pretreatments included air abrasion with water injection (29 pm or 53 pm alumina or bioactive glass
powder), conventional sandblasting with 50 pm alumina, and hydrofluoric acid etching for glass ceramics. Specimens were prepared
after embedding the blocks. Surface roughness was measured after pretreatment, and shear bond strength was tested following
cementation. Failure modes were analyzed using an optical profilometer. Results showed that air abrasion with 50 pm alumina,
whether using a chairside device with water injection or a laboratory sandblasting device, produced comparable bond strength.
These findings suggest that chairside air abrasion with 50 pm alumina is a clinically viable alternative to laboratory sandblasting for

surface treatment of CAD-CAM prosthetic materials.
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INTRODUCTION

In modern dentistry, the advent of CAD-CAM systems
since the 1980s has enabled a fully digital workflow,
from optical impressions to the design and fabrication
of dental prostheses. This has streamlined treatment
procedures compared to traditional methods using
impression materials and stone models'®. Furthermore,
CAD-CAM technology has facilitated the use of high-
strength ceramic materials—previously difficult to
process—allowing the fabrication of restorations that
are both durable and esthetic™®. Commonly used
CAD-CAM materials include resin composites, glass
ceramics, and zirconia®>™®. Clinical application of all-
ceramic restorations gained popularity, especially
zirconia—such as yttria-stabilized tetragonal zirconia
polycrystal (Y-TZP)—for its superior mechanical
strength, and lithium disilicate glass ceramics for their
high translucency and esthetics'®™'®. In Japan, resin
composite blocks have also become available for clinical
use since 2014, enabling metal-free restorative options
even under national insurance coverage'?.

Bonding CAD-CAM restorations to abutment teeth
requires surface pretreatment of both the abutment and
the internal surface of the prosthesis?. Air abrasion using
alumina is widely recommended to increase surface area
and improve micromechanical interlocking. For ceramics,
silane coupling agents enhance chemical adhesion by
forming siloxane bonds!*'2?Y and hydrofluoric acid
etching is often used with glass ceramics to selectively
dissolve the glassy matrix, improving micromechanical
retention!'315:222D_ Zirconia, which lacks a silica phase,
benefits from tribochemical silica coating followed by
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Silanizationlz,IS,lﬁ,17,20,28-30).

Traditionally, these surface pretreatments are
carried out in the laboratory. Under severe conditions,
such as blasting large particles, the surface defects lead
to a decrease in the bonding strength®’. On the other
hand, chairside air abrasion devices that connect directly
to dental units have been developed, allowing intraoral
or immediate prosthetic surface pretreatment'®. Some
of these devices can also deliver abrasive particles with
water to reduce aerosol dispersion®?. A previous study
reported that blasting without a solution causes thermal
damage by hitting the particle, leading to the blackening
of the tooth structure. However, air abrasion, which
involves blasting the particle with a solution, could help
avoid surface defects caused by hitting the particle®.
In addition, these devices accommodate various
abrasive powders, such as minimally abrasive bioactive
glass (used for cleaning tooth surfaces and promoting
remineralization) and highly abrasive alumina [used
for cavity preparation and roughening tooth/prosthetic
surfaces in accordance with minimal intervention
dentistry (MID)]3+9,

In dentistry, the terms sandblasting device and air
abrasion device are frequently used interchangeably,
as both devices employ compressed air to deliver a fine
stream of abrasive particles for surface modification.
Although different terminology is used depending
on the clinical context, the underlying mechanism of
both systems is identical. They operate on the same
kinetic energy principle as industrial sandblasting, in
which high-velocity abrasive particles—propelled by
compressed air, nitrogen, or helium—remove material
from a target surface. Owing to health hazards associated
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with crystalline silica, modern dental systems do not use
actual sand; instead, they rely on medical-grade abrasives
such as aluminum oxide, silica-based powders, or
sodium bicarbonate mixtures. Clinically, the distinction
between the two terms reflects differences in application
rather than device design. Air abrasion device commonly
refers to minimally invasive preparation techniques,
such as removing small carious lesions or old composite
restorations, where patient comfort and preservation
of sound tooth structure are prioritized. These devices
typically employ fine particles (e.g., 29-53 pm alumina)
to enable controlled and conservative tissue removal.
In contrast, a sandblasting device is used primarily
to roughen the surfaces of teeth enamel, indirect
restorations, and prosthetic materials—including
ceramics, resin composites, and zirconia—to enhance
micromechanical retention and bonding effectiveness.
Such devices are used both intraorally and extraorally,
including in dental laboratory settings before cementation
procedures. Despite differences in terminology and
clinical focus, both air abrasion and sandblasting devices
share comparable delivery systems, abrasive media, and
operational principles. Thus, an air abrasion device can
be regarded as a specialized dental sandblasting device
optimized for precise, minimally invasive procedures,
while sandblasting devices are oriented toward surface
conditioning for adhesive protocols. Understanding
the functional equivalence and application-specific
characteristics of these technologies is essential for
selecting appropriate surface pretreatment strategies
for contemporary CAD-CAM prosthetic materials.

If air abrasion units that can be connected to dental
units could be utilized for the surface pretreatment of
prostheses, chairside time would be reduced, resulting
in improved clinical efficiency. Although the use of air
abrasion is well established in laboratory settings, few
studies have compared these systems with conventional
sandblasting devices used in the laboratory. Moreover,
given the wide variety of available abrasive particles
and their respective advantages, the opportunities for
utilizing air abrasion are likely to increase.

Therefore, the aim of this study was to investigate
the differences between air abrasion and sandblasting
devices in terms of surface roughness and bond strength
between resin luting agents and three CAD-CAM
materials: resin composite, glass ceramics, and zirconia.
The null hypothesis was that the surface pretreatment
method would not significantly influence the bonding
performance to these materials.

Table 1 Adherend materials used in this study

MATERIALS AND METHODS

Preparation of specimens

The CAD-CAM blocks used in this study are listed in
Table 1. Three types of CAD-CAM materials were
selected as adherends: resin composite (Katana Avencia
N, Kuraray Noritake, Tokyo, Japan), glass ceramics
(Initial LiSi Block A2 HT, GC, Tokyo, Japan), and
zirconia (SHOFU Disc ZR Lucent Ultra A2, Shofu, Kyoto,
Japan). Each material was sectioned into rectangular
plates (10x10xX3 mm?®) using a low-speed diamond saw
(Isomet 1000, Buehler, Lake Bluff, IL, USA). Zirconia
specimens were subjected to final sintering following
the manufacturer’s instructions. Specimens were
embedded in auto-polymerizing acrylic resin (Palapress
Vario, Heraeus Kulzer, Hanau, Germany). All specimen
surfaces were polished using #600 silicon carbide paper
under running water, and the specimens were randomly
assigned into five groups (n=15 per group?”).

Surface pretreatments

The abrasive powders and equipment wused are
summarized in Table 2, and the abbreviations for each
group are shown in Table 3. Air abrasion was performed
using an air abrasion device (AquaCare, Apatite, Tokyo,
Japan) with a 0.8 mm tip or a laboratory sandblasting
device (Basic Classic, Renfert, Hilzingen, Germany)
with 0.8 mm tip. All procedures were performed at 0.3
MPa pressure, from a distance of 10 mm, for 10 s. The
detailed procedures for each adherend were described as
follows.

Resin composites group

Surface pretreatments included air abrasion device
using 29 pm alumina (R-29C), 53 um alumina (R-53C),
and 50-70 pum bioactive glass powder (R-BAG), all
applied with waterinjection. As a positive control (R-50L),
50 um alumina was applied using the sandblasting
device. The negative control group (R-CON) received no
surface treatment.

Glass ceramics group

Surface pretreatments included 29 pm alumina (C-29C),
53 pm alumina (C-53C), and 50-70 pm bioactive glass
powder (C-BAG) using the air abrasion device under
water injection, and 50 um alumina (C-50L) with the
sandblasting device. Hydrofluoric acid etching with 9.5%
HF gel (Porcelain Etchant Gel, Bisco, Schaumburg, IL,
USA) was performed as a positive control (C-HF), and no
treatment was applied in the negative control (C-CON).

Materials Manufacturer Composition (wt%) Lot No.
Katana Avencia N Kuraray Noritake Dental, UDMA, TEG].)MA,.nght anhydrous silica/ 000105
Tokyo, Japan aluminum oxide mixed filler
Initial LiSi Block A2 HT GC, Tokyo, Japan Li:Si1,05, LisPO,4,Cristobalite, Quartz, Glass 2311182
SHOFU Disc ZR Lucent Ultra A2 Shofu, Kyoto, Japan Zirconium dioxide, Y203 092103




Dent Mater J 2026; : —

Table 2 Materials used for air abrasion and sandblasting, and bonding agents in this study

Materials Manufacturer Composition (wt%) Lot No.
Clearfil Ceramic Kuraray Noritake Dental, Silane coupling agent, monomer (MDP), 5Q096
Primer Plus Tokyo, Japan ethanol

. . Medivance Instruments, . .
Alumina oxide 29 pm London, UK Aluminum oxide 100122
Alumina oxide 53 pm Medivance Instruments Aluminum oxide 011222
BioActive Glass . Particle size: 30-60-90 pm, 45% SiOs,
Powder Medivance Instruments 24.4% Ca0, 24.6% Na,Os, 6% P05 091222
Aqua sol Medivance Instruments 17% ethanol solution 10187
. 0 . . o) s
Cqbra Aluminum Renfert, Hilzingen, Germany 99.5‘/0 Aluminum oxide, 0.06% Silicon 03210416
oxide 50 pm dioxide
0 .. .
Porcelain Etchant gel Bisco, Schaumburg, IL, USA 9.5% hydrofluoric amd, po}yacrylamlde, 2300111455
methylpropanesulfonic acid, water
Paste A: Bis-GMA, Hydrophobic aliphatic
dimethacrylate, Hydrophilic aliphatic

i dimethacrylate, TEGDMA

Panavia V5 Paste Kuraray Noritake Dental ! Y 8G0249

(Universal shade)

Paste B: Bis-GMA, Hydrophobic aromatic

dimethacrylate, Hydrophilic aliphatic
dimethacrylate

Table 3 Abbreviations and conditions for groups tested in this study

Adherends (n=15)

Adhesion pretreatment conditions

Group abbreviation

No air abrasion or sandblasting
Air abrasion with air abrasion device using bioactive powder glass

Resin Composite

Air abrasion with air abrasion device using alumina particles 29 pm

Air abrasion with air abrasion device using alumina particles 53 pm
Sandblasting with laboratory sandblaster device using alumina particles 50 um

No air abrasion or sandblasting, and no HF
Air abrasion with air abrasion device using bioactive powder glass

Glass Ceramics

Air abrasion with air abrasion device using alumina particles 29 um

Air abrasion with air abrasion device using alumina particles 53 um
Sandblasting with laboratory sandblaster device using alumina particles 50 um
Hydrofluoric acid treatment

No air abrasion or sandblasting
Air abrasion with air abrasion device using bioactive powder glass

Zirconia

Air abrasion with air abrasion device using alumina particles 29 pm

Air abrasion with air abrasion device using alumina particles 53 um

Sandblasting with laboratory sandblaster device using alumina particles 50 um

R-CON
R-BAG
R-29C
R-53C
R-50L

C-CON
C-BAG
C-29C
C-53C
C-50L
C-HF

Z-CON
Z-BAG
Z-29C
Z-53C
Z-50L

Zirconia group

The same treatments as described above were used: 29
pm alumina (Z-29C), 53 um alumina (Z-53C), 50-70 um
bioactive glass powder (Z-BAG) using the air abrasion
device under water injection, and 50 um alumina (Z-50L)
using the sandblasting device. No treatment was applied
in the Z-CON group.

Surface roughness measurement
Surface roughness (Ra) was evaluated before bonding

using a surface profilometer (SURFCOM FLEX-50A,
Tokyo Seimitsu, Tokyo, Japan). A 4-mm traverse
length was scanned at 0.3 mm/s, perpendicular to the
specimen surface. The cut-off value was set at 0.8 mm.
Each specimen was measured at three locations, and the
mean Ra value was used for statistical analysis.

Scanning electron microscopy (SEM) observation
Specimens after air abrasion and sandblasting were
dried and sputter-coated with osmium (Neo-Osmium
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Coater, Meiwa Fosis, Tokyo, Japan). SEM images were
obtained using a scanning electron microscope (JSM-
IT200LA, JEOL, Tokyo, Japan) at 15 kV accelerating
voltage and 10 mm working distance.

Bonding procedure

Specimen surfaces were treated with a ceramic primer
(Clearfil Ceramic Primer Plus, Kuraray Noritake). A
cylindrical mold (2.4 mm diameter) was placed on the
surface and filled with resin luting agent (Panavia V5
Paste, Kuraray Noritake). Light irradiated using a
curing light unit (VALO, Ultradent, South Jordan, UT,
USA) for 20 s from three directions (total 60 s) at an
average of 1,000 mW/cm?. Specimens were then stored
in ultrapure water at 37°C for 24 h.

Shear bond strength (SBS) test and failure mode
analysis

SBS was measured using a universal testing machine
(UltraTester, Ultradent Products) at a crosshead speed
of 1.0 mm/min. SBS (MPa) was calculated from the peak
load (N) divided by bonding area. Fracture surfaces were
examined using a 3D optical profilometer (VR-6000,
KEYENCE, Osaka, Japan) to classify failure modes.

Statistical analysis
Since the normality and homogeneity of variance
were satisfied by Shapiro—Wilk test and Levene’s test,

the mean values of surface roughness and SBS were
analyzed using one-way ANOVA followed by Tukey’s
multiple comparison test (¢=0.05) for each material
group: resin composites, glass ceramics, and zirconia.
Statistical analyses were performed using statistical
software (SPSS version 24, IBM, Armonk, NY, USA). A
post hoc power analysis was also conducted to determine
the statistical power for the sample size (n=15).

RESULTS

Surface roughness

Table 4 summarizes the results. In the resin composite
group, R-50L showed the highest surface roughness
(2.52 um), while R-CON showed the lowest (0.10
um, Fig. 1). Post-hoc power analysis indicated a high
statistical power of 1.000. There was no significant
difference between R-CON and R-BAG (p>0.05). In the
glass ceramics group, C-50L demonstrated the highest
surface roughness (1.74 um), and C-CON the lowest
(0.42 pm, Fig. 2). No significant differences were found
among C-CON, C-BAG, and C-HF (p>0.05). In the
zirconia group, Z-50L exhibited the highest surface
roughness (0.71 pm), while Z-CON showed the lowest
(0.30 um, Fig. 3).

SEM observation
Figures 4, 5, and 6 show the SEM images of the resin

Table 4 Summary of shear bond strength, surface roughness, and failure modes after shear bond tests

Specimen group Shear bond strength

Surface roughness Failure mode

R-CON 9.66 (1.91)
R-BAG 9.63 (1.25)
R-29C 14.87 (2.29)
R-53C 18.13 (0.69)
R-50L 19.35 (2.69)
C-CON 21.36 (7.93)
C-BAG 12.89 (5.07)
C-29C 17.24 (2.40)
C-53C 18.93 (1.89)
C-50L 20.13 (3.01)
C-HF 36.72 (3.83)
Z-CON 17.23 (3.57)
Z-BAG 19.31 (4.20)
7-29C 20.79 (5.25)
7-53C 22.83 (5.49)
Z-50L 23.26 (2.45)

0.10 (0.02) [0/13/2]
0.15 (0.08) [1/11/3]
1.27 (0.04) [0/15/0]
1.80 (0.07) [1/11/3]
2.52 (0.11) [0/13/2]
0.42 (0.12) [0/12/3]
0.61 (0.09) [0/9/6]

1.15 (0.17) [0/9/6]

1.50 (0.17) [0/11/4]
1.74 (0.08) [0/9/6]

0.55 (0.13) [0/6/9]

0.30 (0.12) [0/14/1]
0.32 (0.10) [0/13/2]
0.43 (0.09) [0/12/3]
0.61 (0.13) [0/12/3]
0.71 (0.23) [0/13/2]

Values in parentheses indicate standard deviations (SD), and numbers in brackets represent failure modes: adhesive failure

(A)/mixed failure (M)/cohesive failure within the substrate (C).
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composites, glass ceramics, and zirconia, respectively.
For the resin composites, polishing scratches produced
by #600 abrasive paper were observed in R-CON and
R-BAG, whereas rougher surfaces were obtained under
the other conditions. A similar trend was observed for
the glass ceramics. In C-HF, the polishing scratches
were removed by HF etching, allowing the underlying
microstructure to be clearly observed. For the zirconia,
polishing scratches were also found in Z-CON and
Z-BAG, while rougher surfaces were obtained in the
other groups.

SBS
Figure 7 shows the SBS of the resin composite group,
and post-hoc power analysis indicated a high statistical

power of 1.000. R-50L exhibited the highest value
(19.35 MPa). No significant difference was observed
between R-CON and R-BAG (p>0.05), whereas the other
groups showed significantly higher values (p<0.05).
Figure 8 presents the results of the glass ceramics
group, and C-HF demonstrated the highest SBS (36.72
MPa). However, no significant differences were found
between C-CON, C-53C, and C-50L (p>0.05). Figure
9 shows the results of the zirconia group, and Z-50L
showed the highest value (23.26 MPa). While no
significant differences were observed between Z-50L and
the other four blast-treated groups, Z-CON exhibited
significantly lower bond strength than all other groups
(p<0.05).
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Fig. 4 SEM images of resin composites after pretreatments.
The scale bar represents 10 um.
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Fig. 5 SEM images of glass ceramics after pretreatments.
The scale bar represents 10 um.

10 um

10 pm

Fig. 6 SEM images of zirconia after pretreatments.
The scale bar represents 10 um.
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Failure modes

The number of specimens for each failure mode is listed
in Table 4. In the resin composite group, adhesive failure
was observed in 6.67% of specimens in the R-BAG and
R-53C groups. Mixed failure was observed in 86.67%
of R-CON, 73.33% of R-BAG, 100% of R-29C, 73.33% of
R-53C, and 86.67% of R-50L specimens. The remaining
specimens exhibited cohesive failure within the
substrate. In the glass ceramics group, mixed failure
was observed in 80% of C-CON, 60% of C-BAG, 60% of
C-29C, 73.33% of C-53C, 60% of C-50L, and 40% of C-HF
specimens. The remaining specimens showed cohesive
failure within the substrate. In the zirconia group,
mixed failure was found in 93.33% of Z-CON, 86.67%
of Z-BAG, 80% of Z-29C, 80% of Z-53C, and 86.67% of

Z-50L specimens. The remaining specimens showed
cohesive failure.

DISCUSSION

This study investigated the effects of differences between
the two surface-pretreatment devices, air abrasion
and sandblasting, on the surface roughness and bond
strength of three CAD-CAM materials: resin composite,
glass ceramics, and zirconia. Comparisons were made
between pretreatments performed using a chairside
air abrasion device and those using a conventional
laboratory sandblasting device. Consequently, the null
hypothesis was rejected, as significant differences were
found between the conditions for all materials.
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Previous studies have reported that alumina
sandblasting enhances bonding to CAD-CAM
materials®122940-42  Therefore, this study focused on
evaluating whether air abrasion devices can serve as
a viable clinical alternative to laboratory sandblasting
devices for pretreating prostheses before cementation.
The air abrasion device used in this study is typically
applied for caries removal and surface roughening using
alumina particles. It also allows the use of bioactive glass
powder, which is indicated for tooth surface cleaning and
polishing?>#%49_ Given its clinical versatility and reduced
aerosol dispersion due to water injection, chairside
air abrasion is expected to gain broader acceptance in
dental practice. Accordingly, the current findings may
support its clinical application for pretreating prosthetic
surfaces. For the air abrasion parameters set in this
study, the pressure was standardized at 0.3 MPa for 10
s at a distance of 10 mm, based on a previous protocol
for resin composites*?. However, because pressure may
affect surface roughness, different parameters should be
investigated in future studies.

In the resin composite group, both bond strength
and surface roughness increased with the particle size
of alumina used. However, this trend was not observed
with bioactive glass powder, likely due to its inferior
abrasive capacity despite its particle size. SEM images
confirmed the presence of surface texturing in alumina-
treated specimens, which was lacking in bioactive glass-
treated ones. There were no significant differences in
bond strength between the air abrasion and sandblasting
device groups when the same particle size (50 pm) of
alumina was used. This suggests that air abrasion
with 50 um alumina achieves similar micromechanical
interlocking as laboratory sandblasting device.
Fractographic analysis showed cohesive failure within
the resin composite blocks in the R-53C and R-50L
groups, indicating that the SBS achieved was sufficient
to exceed the internal strength of the material. These
findings align with those of Stawarczyk et al.?V, who
reported improved bonding performance for polymer-
based CAD-CAM blocks following air abrasion, and with
subsequent studies showing enhanced tensile strength
of resin luting agents after air abrasion pretreatment®.

In the glass ceramics group, surface roughness
generally increased with the particle size of alumina,
while bioactive glass powder and hydrofluoric acid
treatment showed minimal roughness enhancement.
However, C-HF showed the highest bond strength,
despite having surface roughness similar to that of the
control. This is attributed to the selective dissolution
of the glassy matrix by hydrofluoric acid, producing a
retentive  surface  topography that  enhances
micromechanical retention®?*?%, SEM observations
confirmed the matrix dissolution in the C-HF group and
revealed residual alumina particles embedded in the
surfaces treated with alumina air abrasion. Nevertheless,
no significant differences in bond strength were found
between groups treated with alumina particles and the
untreated control, suggesting that the type of alumina
treatment (air abrasion device vs. sandblasting device)

has limited influence on bonding efficacy when used
without subsequent chemical conditioning.

In the zirconia group, surface roughness increased
with the particle size of alumina. SEM images showed
that alumina particles remained on the zirconia surface
after both air abrasion and sandblasting, indicating that
surface modifications were successfully achieved using
either method. Ozcan et al.2? reported that alumina air
abrasion improves the microtensile bond strength of
zirconia, and further studies by Atsu et al.'® and Blatz
et al.” demonstrated that applying an MDP-containing
primer with silane significantly enhances SBS to zirconia.
Based on these findings, the present study applied an
MDP-containing primer after alumina pretreatment,
yielding favorable results regardless of the device used.

Across all three CAD-CAM materials, air abrasion
using alumina particles—whether applied via chairside
device or laboratory sandblasting device—produced
comparable SBS. The results also demonstrated
significant differences in SBS depending on the
pretreatment method and abrasive media used for each
CAD-CAM material. In contrast, bioactive glass powder
did not significantly increase surface roughness or bond
strength in any material group. Cleaning with ultrasonic
or rotary brushes has traditionally been used to remove
adhesion inhibitors such as temporary cements, blood,
and plaque. However, adhesion inhibitors that are
strongly integrated into the surface may be difficult to
remove thoroughly with brushes alone?. Air abrasion
with bioactive glass powder may be suitable for cleaning
the surface without affecting the surface roughness.
Moreover, while ineffective for creating retentive
surfaces, this abrasive may still be useful for intraoral
cleaning applications. For instance, bioactive glass
powder has been used to remove contaminants such as
saliva or temporary cement without damaging tooth
structure®”*®. Although this in vitro study did not assess
bonding to tooth surfaces, future investigations should
simulate clinical conditions by evaluating the effects of
bioactive glass air abrasion on contaminated abutment
surfaces. These studies will help clarify its role in
enhancing adhesion under realistic clinical scenarios.

The main limitations of this study were that the
dynamic oral environment was not considered, such
as occlusal load, temperature changes. Besides, in the
actual clinical situation, contamination by saliva or
other solutions may occur, and the bond strength would
be affected. This study tested only one adhesive system
and one luting agent, and therefore the generalizability
of the results may be limited. Thus, further studies are
needed to clarify them.

CONCLUSIONS

Within the limitations of this in vitro study, no
significant differences in SBS were observed when 50
pm alumina particles were used for air abrasion of the
inner surfaces of CAD-CAM resin composites, glass
ceramics, and zirconia, compared with the laboratory
sandblasting device. These findings suggest that air
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abrasion devices, which can be used at the chairside, may
serve as a practical and clinically feasible alternative
to conventional laboratory sandblasting devices for
pretreating the intaglio surfaces of CAD-CAM dental
prostheses prior to cementation.
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