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Abstract
The purpose of this study was to evaluate in vitro the efficacy of alumina, sodium bicarbonate and erythritol-based tooth 

air-abrasion on shear bond strength (SBS) of resin composite to dentin.
Methods and Results: In order to assess the strength of the adhesive bond of the resin composite to tooth dentin, 50 tooth 

samples were prepared in accordance with the Ultradent Shear Bond Test method. All samples were divided into 5 groups. In 
Group 1 (n=10) and Group 2 (n=10), for air-abrasion of dentin surface 2 powders based on aluminum oxide with a particle size 
of 50 μm and 27 μm, respectively, were used (RONDOflex plus 360, KaVo, Biberach, Germany). In Group 3 (n=10) and Group 
4 (n=10), other abrasive powders based on sodium bicarbonate (40 μm) and erythritol (14 μm), respectively, were used for a 
similar purpose (Air-Flow Classic comfort, Air-Flow Plus, EMS, Nyon, Switzerland). The control group (n=10)  consisted of the 
remaining tooth samples in which the dentin surface, after preparation with a carbide bur, was not subjected to an air-abrasion.The 
one-day adhesive strength of bonded interfaces was evaluated on an UltraTester device (Ultradent Products Inc., USA) after resin 
bonding without aging simulation. The speed of movement of the test clamp with the installed sample was set to 1 mm/min. The 
maximal value of bonding failure was fixed in pounds (lb). The dentin surface ultrastructure was studied on 10 additional tooth 
samples, which were prepared for SEM analysis.

It was found that the treatment of dentin surface with air-abrasive powders based on alumina (50 μm and 27 μm) and 
sodium bicarbonate (40 μm) did not improve the strength of the adhesive bond of resin composite to dentin. The strength of 
adhesion of the resin composite to dentin decreased significantly after air-abrasion of the tooth surface with erythritol-based 
powder.(International Journal of Biomedicine. 2021;11(4):451-455.)
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Introduction
The longevity of cosmetic dental restorations is mainly 

limited by the quality of the adhesive bonding of composite 
materials with dentin and enamel because under conditions 
in the oral cavity, adhesive and hybrid layers are exposed to 
progressive degradation.(1-3)

 For many years of practical experience and scientific 
research in the field of adhesive dentistry, it has been 
emphasized that a poor integration of resin material with 
tooth hard tissues is among the most frequently mentioned 
reasons for the loss of adhesive restorations and contributes 
to a violation of marginal seal and development of carious 
demineralization.(4-7)

Reliable adhesion of resin composite to dentin substrate 
may be determined by the formation of a hybrid layer resulting 
from the penetration of adhesive into the dentinal tubules, 
forming adhesive tags. Concurrently, there is a great deal of 
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evidence indicating a noticeable improvement in the strength 
of adhesion of resin materials to dentin, especially in surface 
segments with a high density of dentinal tubules. Therefore, a 
perfect infiltration of an etched dentin surface with adhesive 
resin would yield a greater number of adhesive tags and better 
integration.(8-10) However, in accordance with the results of other 
studies, there is no correlation between adhesive bond strength, 
depth of resin penetration, and the number of resin tags.(11,12)

Nevertheless, achieving a strong adhesion of resin 
composites to the tooth dentin is not easy because of relatively 
high moisture and organic content in the tissue. Also, there is a 
smear layer on a tooth surface, which occurs after the preparation 
of the carious cavity and negatively influences dentin bonding.
(13,14) Removal of the smear layer is a necessary step when a total-
etch approach is chosen, and for many decades a phosphoric 
acid in the form of gels has been used to make it.(15,16)	

However, due to the extension of indications for the 
application of air-abrasion in professional dental care, some 
studies have demonstrated the effectiveness of this method 
in adhesive dentistry in order to improve the surface micro-
roughness and to increase the area of bonding surface.(17) 
In addition, as a result of another study carried out in this 
field, it was found that the use of air-abrasion of the dentin 
surface after traditional preparation using conventional rotary 
instruments would contribute to a significant decrease in the 
thickness of the smear layer.(18)

It should be noted that for a long time the main instruments 
used for mechanical preparation of hard tooth tissues still remain 
diamond and carbide burs. However, because new devices and 
materials are used in adhesive dentistry for making air-abrasive 
preparations, there is an urgent need for preliminary in vitro 
studies in order to assess their influence on the quality and 
strength of adhesion to hard tooth tissues.(19,20)

In dentistry, alumina and sodium bicarbonate abrasive 
powders are among the most commonly used for tooth surface 
abrasion with air-born particles. However, taking into account 
the results of a large number of studies that indicate the 
probable loss of healthy hard tissue during pseudo-mechanical 
tooth preparation using  compressed air and inorganic powders, 
low-abrasive organic particles, such as erythritol, began to 
find their place in daily practice.(21-23)

Available databases contain a large amount of 
inconsistent data indicating both the positive and negative 
efficiency of using air-abrasive powders based on alumina 
and sodium bicarbonate to improve the adhesion of composite 
materials to tooth hard tissues.(22,24,25) These databases also lack 
information highlighting the consequences of the air-abrasion 
with low-abrasive particles. For these reasons, the purpose 
of this study was to evaluate in vitro the efficacy of alumina, 
sodium bicarbonate and erythritol-based tooth air-abrasion on 
shear bond strength (SBS) of resin composite to dentin.

Material and Methods
In order to assess the strength of the adhesive bond of 

the resin composite to tooth dentin, 50 tooth samples were 
prepared in accordance with the Ultradent Shear Bond Test 
method. 

On all samples, in order to get a uniform smear layer, the 
surface of dentin was treated with an application of tungsten 
carbide bur under constant water cooling. The prepared 
surfaces were rinsed with a water spray for 30 seconds and 
dried using an air-water syringe of the dental unit. After that, 
all samples were divided into 5 groups. In Group 1 (n=10) and 
Group 2 (n=10), for air-abrasion of dentin surface 2 powders 
based on aluminum oxide with a particle size of 50 μm 
and 27 μm, respectively, were used (RONDOflex plus 360, 
KaVo, Biberach, Germany). In Group 3 (n=10) and Group 4 
(n=10), other abrasive powders based on sodium bicarbonate 
(40 μm) and erythritol (14 μm), respectively, were used for 
a similar purpose (Air-Flow Classic comfort, Air-Flow Plus, 
EMS, Nyon, Switzerland). The control group (Group 5, n=10) 
consisted of the remaining tooth samples in which the dentin 
surface, after preparation with a carbide bur, was not subjected 
to an air-abrasion.

In each case of air-abrasion, the nozzle of the instrument 
was angulated at 45° to the dentin surface. The treatment was 
carried out with a constant stream of particles under 0.25 MPa 
pressure in a handpiece for 30 seconds, slowly moving a nozzle 
with sweeping motions above the surface of tooth samples at a 
distance of 5mm, after which the tooth surface was thoroughly 
washed with an air-water spray for 30 seconds.

In all samples, the adhesive protocol was carried out by 
means of the wet bonding method using the adhesive resin 
OptiBond Solo Plus (Kerr, Italia).

Dentin etching was carried out for 15 seconds using a 
37% phosphoric acid gel (FineEtch®37, Spident Co., Ltd, 
Korea), after which the etched surface was rinsed with distilled 
water for 15 seconds and excess moisture was carefully blotted 
out. Application and polymerization of adhesive resin were 
done in accordance with the manufacturer’s instructions. The 
light-curing composite GRADIA DIRECT (Japan) served as 
a resin composite of choice. The composite was cured for 20 
seconds using a VALO lamp (Ultradent Products Inc., USA) 
in a standard mode.

The one-day adhesive strength of bonded interfaces was 
evaluated on an UltraTester device (Ultradent Products Inc., 
USA) after resin bonding without aging simulation. The speed 
of movement of the test clamp with the installed sample was 
set to 1 mm/min. The maximal value of bonding failure was 
fixed in pounds (lb).

The dentin surface ultrastructure was studied on 10 
additional tooth samples, which were prepared for SEM 
analysis. The dentin surface was treated in accordance 
with the methods used in the study. Therefore, there were 
2 tooth samples for each of the 5 methods of dentin surface 
treatment.

After an appropriate mechanical treatment of the dentin 
surface in each group all prepared samples were thoroughly 
washed for 30 seconds and dried using a water-air syringe. 
Before the SEM analysis, the dried samples were coated 
with a 10 nm thick layer of gold on a magnetron sputtering 
machine (Quorum Q150R ES, UK). Morphological studies of 
the dentin surface were carried out using a scanning electron 
microscope SEM - EVO MA 10 (Zeiss, Germany). Images 
were taken using SmartSEM software.
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Statistical analysis was performed using StatSoft 
Statistica v6.0. The mean (M) and standard deviation (SD) 
were calculated. Multiple comparisons were made with one-
way ANOVA and post-hoc Tukey HSD test. A probability 
value of P<0.05 was considered statistically significant.

Results
Results obtained after evaluation of the SBS of resin 

composite adhesion to tooth dentin are presented in Table 1. 
According to the presented data, the lowest SBS among the 
groups was demonstrated in Group 4. The SBS values in 
Groups 1, 2, 3, and the control group did not differ significantly. 
The SBS value in Group 3 was slightly higher than in Group 4. 
The SBS value in Group 4 was significantly lower than in the 
control group (Group 5) and Group 1.

During the analysis of micrographs taken from the surface 
of tooth samples of the control group, it was found that preparation 
of dentin using a rotary instrument had led to the formation of a 
pronounced smear layer with a small number of visible tubule 
orifices (Fig.1). However, the use of air-abrasive powders had 
facilitated an effective removal of the smear layer from the dentin 
surface of tooth samples, exposing a large number of dentinal 
tubules in all experimental groups (Fig.2-5).	  

The comparative analysis of configurations of 2D profiles 
of different dentin surface segments in samples of Groups 1 

and 2 (Fig.2,3) did not reveal significant visual differences. It 
was also found that on the dentin surface of samples in Groups 
3 and 4, there were abrasive powder residues, especially in 
samples abraded with erythritol (Fig.4).	

Table 1.
SBS of resin composite adhesion to tooth dentin in the study groups

Variable Group 1 Group 2 Group 3 Group 4 Group 5

SBS, lb 28.53±4.13 27.61±3.44 25.92±6.0 23.05±3.33 28.35±3.3

Statistics
P=0.0282; P1-2=0.9876, P1-3=0.6307; P1-4=0.0393,
P1-5=1.0000 P2-3=0.8929,  P2-4=0.1218, P2-5=0.9946,
P3-4=0.5429, P3-5=0.6904, P4-5=0.0498

Fig. 1. Dentin surface after preparation with a tungsten carbide bur 
(×2000)

Fig. 2. Dentin surface after preparation with alumina powder 
with a particle size of 50 µm (×1500)

Fig. 3. Dentin surface after preparation with alumina powder 
with a particle size of 27 µm (×1500)

Fig. 4. Dentin surface after preparation with sodium bicarbonate 
(40 µm) (×2000)
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Discussion
The possibility of effective use of air-abrasive powders 

for the preparation of dental tissues was proposed for the 
first time by R.B. Black.(26) However, due to the high cost 
of the method and absence of high-velocity suction units, 
time consumption, and lack of technologies and materials at 
that time to perform highly aesthetic tooth restorations, this 
approach to tooth preparation was not as much demanded as 
the traditional method of cutting affected hard tissues with 
rotary instruments.

Revival of air-abrasion technology for tooth cleaning 
and preparation was not just facilitated by the understanding 
of the entire complexity of tooth enamel and dentin surface 
ultrastructure, but also by the emergence of nanomaterials 
for tooth cosmetic restoration and instructions for performing 
a proper adhesion in order to get long-term aesthetic and 
functional treatment results.(27)

In fact, an air-abrasion of natural pits and fissures 
facilitates detection of the extent of enamel demineralization 
in the presence of a diagnosed decay and also helps to perform 
high-quality cleaning of tooth surfaces from organic deposits 
and microbial biofilm.(28)

Nevertheless, despite the extensive knowledge in the 
field of tooth hard tissue air-abrasive preparation, the number 
of studies in the discipline does not decrease, which is directly 
related to the development and implementation of new 
abrasive powders.

The present study was aimed at investigating the effect 
of different air-abrasive treatment strategies on the adhesion 
strength of resin composite to dentin without aging. We used 
3 traditional abrasive powders based on Al2O3 (50 µm and 
27 µm) and sodium bicarbonate, and a relatively new powder 
based on erythritol, which is a food polyol. It is soluble in 
water and has a lower relative surface hardness, according to 
the Mohs scale.

Examination of micrographs of the dentin surface treated 
with an abrasive powder based on erythritol revealed particle 
residues in some areas, which was apparently a result of the 

destruction of larger particles upon collision with the dentin 
surface. Most of the residues were located in the orifices of 
dentinal tubules and might represent a mechanical obstacle for 
penetration of the adhesive resin into dentin.

A similar analysis of micrographs obtained from the 
dentin surface of samples of Groups 1, 2, and 3 revealed that 
only in the case of sodium bicarbonate abrasion were there 
sporadic fragments of abrasive particles, which could be seen 
on the dentin surface. However, it did not result in a significant 
decrease in adhesive strength when compared with other 
groups.

In the present study, the adhesion strength of resin 
composite to tooth dentin in samples of the control group, in 
which traditional adhesive protocol was used according to the 
Etch & Rinse principle, did not have a statistical difference 
from the mean value when compared with other groups where 
the main part of the smear layer was removed by air-abrasion 
before an etching step. The same results were confirmed by 
other researchers who used abrasives based on alumina (50 μm) 
and different adhesive resins in an attempt to improve adhesion 
to dentin. They concluded that air-abrasion allows decreasing 
the thickness of the smear layer and increases the thickness 
of the hybrid layer. However,  the bond strength was slightly 
improved due to the large number of defects observed in the 
hybrid layer on the dentin surface.(29-31) Besides, air-abrasive 
treatment of tooth surfaces using alumina-based powders 
caused a loss of hard tissues.(22,32)

In the present study, during the preparation of several 
tooth samples, excessive dentin tissue removal was also noted 
with the formation of pits on the surface of samples after air-
abrasion with 50 μm alumina particles.

Thus, within the limits of the study, it was found that 
the treatment of dentin surface with air-abrasive powders 
based on alumina (50 μm and 27 μm) and sodium bicarbonate 
(40 μm) did not improve the strength of the adhesive bond of 
resin composite to dentin. The strength of adhesion of the resin 
composite to dentin decreased significantly after air-abrasion of 
the tooth surface with erythritol-based powder.
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