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Abstract
The aim of this study was to determine the average amount of silicon ions on the surface of titanium implants after air
abrasion with powders based on glycine and erythritol, and to measure the content of silicon ions in separated water-insoluble
fractions of these powders.
Methods and Results: The study investigated 2 air-abrasive powders, one based on glycine (Air-Flow Perio, EMS,
Switzerland) and another on erythritol (Air-FlowPlus, EMS, Switzerland). These abrasives were tested for solubility in water and
the content of Si+ in insoluble fractions of these powders. Also, the weight percent (wt %) of Si+ was measured on the surface
of failed titanium implants after air abrasion with Air-Flow Perio (Group 1) and Air-FlowPlus (Group 2). Scanning electron
microscopy and determining the elemental composition of obtained samples were carried out on an SEM-EVO MA 10 (Carl Zeiss)
and energy dispersive X-ray spectrometer with EDS Aztec Energy Advanced X-Act (Oxford Instruments). It was found that airabrasive mixtures based on glycine and erythritol are not completely soluble in water due to the presumed presence of silica in
them. It was also found that air-abrasive cleaning of contaminated dental implants with an erythritol-based mixture contributed to
a significant increase (P=0.000) in the Si+ content on their surfaces in comparison to implants treated with glycine-based powder.
(International Journal of Biomedicine. 2022;12(3):428-432.).
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Introduction
Regeneration of bone around dental implants, which
are involved in peri-implant inflammatory disease, is one of
the main priority tasks of modern dental implantology.(1-6)
Among the many factors that can promote the occurrence and
progression of pathomorphological changes around the dental
implant, the surface purity of the endosseous fixture is of
clinical importance.(7-10)
Currently, there are many ways to decontaminate the
surface of dental implants located in an area of infectious
inflammation. Among them, the method of air abrasion has
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recently gained a particular interest.(11-14) The positive aspects
of this method are that it effectively removes plaque and
disrupts microbial biofilm from the surface of the titanium
implant with no clinically relevant collateral damage to its
microstructure. For this purpose, fine water-soluble powders
with low abrasive ability are used.(15-18)
The low abrasive potential of aqueous powder mixtures
is primarily due to the small particle size and their low
hardness, which in turn mainly depends on the content of
silica in them, acting as a framework or shell. Taking into
account the insolubility of silica in water, the shape of abrasive
particles used, and the advanced surface topography of dental
implants, the chemistry of the topography may be changed,
affecting its biocompatibility.(19,20)
Glycine-based powders are one of the most popular and
well-studied abrasives for air debridement of contaminated
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dental implant surfaces. There is a large amount of accumulated
data that indicates their high efficiency in the treatment of periimplant mucositis and dental peri-implantitis.(21-23) However,
taking into account the importance of pathogenic microflora
in the progression of inflammation around dental implants
and the need for its effective elimination, a powder based on
erythritol has become available for practical use. This agent
exhibits antimicrobial activity and has a low abrasive potential,
so it can be used for cleaning the tooth and dental implant
surfaces located below the gum level.(24,25) Although powders
based on glycine and erythritol belong to the water-soluble
group, there are no data in available literature indicating their
ability to form a homogeneous mixture. Also, there are no
data confirming the presence or absence of silicon ions on the
surface of dental implants after their air abrasion with powders
based on glycine and erythritol.
Thus, the aim of this study was to determine the average
amount of silicon ions on the surface of titanium implants after
air abrasion with powders based on glycine and erythritol,
and to measure the content of silicon ions in separated waterinsoluble fractions of these powders.

Materials and Methods
The study investigated 2 air-abrasive powders, one based
on glycine (Air-Flow Perio, EMS, Switzerland) and another
on erythritol (Air-FlowPlus, EMS, Switzerland) (Fig.1). These
abrasives were tested for solubility in water and the content of
Si+ in insoluble fractions of these powders. Also, the weight
percent (wt %) of Si+ was measured on the surface of failed
titanium implants after air abrasion with Air-Flow Perio and
Air-FlowPlus. Water-insoluble fractions from both powders
were separated after preparing mixtures by dissolving 1g of
abrasive material in 5 ml of distilled water and keeping them in
a thermostat at a temperature of 37°C for 24 hours. Afterward,
foamy fractions on the top of heterogeneous solutions (Fig.2)
were collected and dried in a thermostat at 37°C for 24 hours.
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implantitis. The similarity of dental implants and no history
of peri-implantitis treatment associated with modification of
titanium surface were the main criteria for inclusion in the
study. Selected endosseous fixtures were randomly allocated
into 2 groups, depending on the abrasive used for surface
processing: Group 1 (n=4) consisted of samples that were
treated with a glycine-based powder; Group 2 included samples
(n=4) that were treated with powder based on erythritol.
Surface treatment of each implant was carried out by the
same operator using a similar technique, which meant an air
abrasion of the sample for 30 seconds followed by rinsing of
debrided areas with water spray for another 30 seconds.
Scanning electron microscopy and determining the
elemental composition of obtained samples were carried out
on an SEM-EVO MA 10 (Carl Zeiss) and energy dispersive
X-ray spectrometer with EDS Aztec Energy Advanced X-Act
(Oxford Instruments).
Microscopic and elemental analysis of each implant was
performed at 3 randomly selected areas, which were localized
between the threads of a titanium screw.
Images and element composition of undissolved powder
fractions were taken from 10 different sites of each sample.
Statistical analysis was performed using StatSoft
Statistica v6.0. For descriptive analysis, results are presented
as mean±standard deviation (SD). The Mann-Whitney U
Test was used to compare the differences between the two
independent groups. A probability value of P<0.05 was
considered statistically significant.

Results
Data received demonstrated that the water-insoluble
powder fractions of Air-Flow Perio and Air-Flow Plus differed
from each other in the content of Si+ by 1.2 times (P=0.004)
(Table 1). Its larger amount in the separated fraction of AirFlow Perio could be explained by the size and shape of
abrasive particles that did not dissolve in water and, unlike
Air-Flow Plus, were larger and of a prismatic solid geometry
(Fig.3a,b).

Fig.1. Abrasive powders for
supra- and subgingival aircleaning of the tooth and
dental implant surfaces.
Fig.3a. Microimage of
undissolved particles of
Air-Flow Perio powder
(500х)
Fig.2. Aqueous solutions of
“Air-Flow Perio” (left) and
“Air-Flow Plus” (right) with
no dissolving fractions of a
foamy consistency on top.

There were also 8 out of 23 dental implants under
the study, which had to be explanted due to advanced peri-

Fig.3b. Microimage of
undissolved particles of
Air-Flow Perio powder
(1500х)

430

T. V. Melkumyan et al. / International Journal of Biomedicine 12(3) (2022) 428-432

Table 1.
The content of Si+ in the separated powder fractions and on the
surface of dental implants after air-abrasion (wt %)
Abrasive
powder
Air-Flow Perio

Si+ in separated
powder fraction
4.4±1.97

Si+ on dental
implant surface
0.01±0.01

Р

0.004

0.000

Air-Flow Plus

11.72±1.64

0.09±0.01

It was also found that air-abrasive cleaning of
contaminated dental implants with an erythritol-based mixture
contributed to a significant increase in the Si+ content on their
surfaces in comparison to implants treated with glycine-based
powder (P=0.000) (Table 1).

Fig.5b. Micrograph of titanium implant surface after
air-abrasion with Air-Flow Plus powder (1500x)

Discussion

Fig.4a. Microimage of
undissolved particles of
Air-Flow Plus powder
(500x)

Fig.4b. Microimage of
undissolved particles of
Air-Flow Plus powder
(1500х)

However, the elemental analysis of the implant surfaces
after air-abrasive treatment with powders based on glycine
and erythritol showed an increased content of Si+ after the
application of Air-Flow Plus. This result was associated
mainly with the smaller-sized particles and their complex
porous media geometry (Fig.4a,b). At the same time, the
microroughness profile images of titanium implant surfaces
after air-abrasive treatment with powders based on glycine
and erythritol had no visible differences (Fig.5a,b).

Fig.5a. Micrograph of titanium implant surface after
air-abrasion with Air-Flow Perio powder (1500x)

Water-soluble powders based on glycine and erythritol
have shown themselves well in treating periodontal diseases,
and in maintenance therapy and hygiene procedures.(26-28) One
of the most important properties of these powders is their
unique abrasiveness, which allows them to effectively clean the
tooth surface while causing minimal irritation to the adjacent
gingiva without leading to significant loss of cementum and
root dentin. This beneficial balance was achieved due to the
special hardness of powder microparticles, which in the case
of Air-Flow Plus and Air-Flow Perio ranges from 1.0 to 2.0 on
the Mohs scale.(29)
The reduction of inflammatory and destructive
processes around endosseous fixtures is also associated with
a certain level of trauma to the adjacent gums. Therefore,
the air-abrasive debridement of a titanium implant surface
using powders based on glycine and erythritol would have
a favorable prognosis for short-term rehabilitation of soft
tissues.(30,31)
Also, it must be taken into account that the root dentin
and several grades of titanium from which dental implants are
made are different from each other in terms of hardness. For
comparison, the hardness of tooth dentin on the Mohs scale
is within 3.0, and for titanium grade 4 it varies around 6.0.
The presence of such a difference may lead to a conclusion
that the use of air-abrasive mixtures based on glycine and
erythritol, with respect to the effectiveness of plaque removal
and microbial biofilm disruption from exposed titanium
implant surfaces, will be successful and will not change the
microroughness of the fixture.(18,22-24)
However, it should be noted that the biocompatibility
of titanium implants depends not only on their advanced
microroughness. The chemical purity of the endosseous part
can be changed as a result of particle blasting during air
abrasion.(9,19,20)
The study of microimages of undissolved fractions of
powders based on glycine and erythritol has shown that due to
their shape and size, Air-Flow Plus particles, when compared
with Air-Flow Perio, were more prone to getting stuck in an
advanced surface of titanium implants. This assumption was
confirmed by the determination of an increased Si+ content on

T. V. Melkumyan et al. / International Journal of Biomedicine 12(3) (2022) 428-432

the surface of titanium implants treated with Air-Flow Plus.
Also, it was noted that the surface microroughness of the
implant samples in both groups had no visible differences.
A similar conclusion was drawn by another group
of scientists who studied the microroughness of titanium
implants after air-abrasive debridement with powders based
on bicarbonate, glycine, and erythritol. As a result, significant
differences were found between the bicarbonate-glycine and
bicarbonate-erythritol groups, but there were no statistically
significant differences between the groups in which glycine
and erythritol were used.(18)
Thus, it was found that air-abrasive mixtures based on
glycine and erythritol are not completely soluble in water due
to the presumed presence of silica in them. It was also found
that air-abrasive cleaning of contaminated dental implants
with an erythritol-based mixture contributed to a significant
increase in the Si+ content on their surfaces in comparison to
implants treated with glycine-based powder.
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