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Introduction

Periodontitis is defined as a chronic multifactorial inflammatory 
disease associated with dysbiosis plaque biofilms and characterized 
by progressive destruction of tooth-supporting apparatus [1]. The 
control of the dental biofilm remains the cornerstone for periodontal 
treatment and the prevention of disease recurrence during supportive 
periodontal care (SPC). The repeated instrumentation by conventional 
techniques (hand curettes and/or ultrasonic instruments) may cause 
some degree of tooth structure loss which increases patient discomfort 
and dentine hypersensitivity [2,3]. An air-polishing device has been 
introduced as an alternative method to remove the dental biofilm. 
Several clinical studies have demonstrated that the application of 
air-polishing could result in similar outcomes in biofilm removal as 
well as in clinical parameters with less discomfort and operator time 
compared to conventional methods [4-6]. Recently, the application of 
air-polishing has been extended to surface decontamination during 
periodontal surgery [7].
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Different powders are being used for periodontal treatment 
including; sodium bicarbonate, glycine, erythritol, and recently, 
bioactive glasses powders. Glycine powder has been shown to be less 
invasive to both root cementum and dentine compared to sodium 
bicarbonate as well as providing an equally effective biofilm removal 
[8,9]. The application of glycine powder resulted in less patient 
discomfort compared to hand instrumentation [10]. It was concluded 
that glycine powder may be safely applied to root surfaces and gingiva 
[11]. Erythritol was shown to be safe when used for subgingival 
application and achieved similar clinical outcomes in periodontal 
pocket reduction compared to ultrasonic debridement [6].

Bioactive glasses have been introduced for air-polishing 
applications. The main benefit is the ability of these powders to react 
with oral fluid leading to the formation of apatite to occlude dentinal 
tubules. The occlusion of these powders could reduce dentinal 
hypersensitivity and improved patient comfort during periodontal 
treatment. The application of bioactive glasses in the air-polishing 
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Objectives: To evaluate the abrasiveness of novel Bioactive Glass Powders (BiominF®) on Ivory Dentine compared to selected reference powders.

Materials and Methods: Ivory dentine was used as the study sample. Bioactive glasses (Biomin F® and Sylc® Blend) was compared with sodium 
bicarbonate, glycine, erythritol powders. Particle size analysis and powder output rate were undertaken. The powders were applied for 5 and 10s in a 
standardized procedure. Evaluation of wear depth on dentine in μm was assessed using White Light Profilometry.

Results: BiominF®, Glycine, and erythritol powders showed similar powder output rates. Bioactive glasses (BiominF® and Sylc® Blend) resulted in 
significantly deeper wear depth compared to references powders. There were no significant differences in wear depth between sodium bicarbonate, 
glycine, and erythritol powders.

Conclusions: Bioactive glasses (BiominF® and Sylc® Blend) were significant more abrasive than sodium bicarbonate, glycine, and erythritol powders.

Clinical Relevance: Application of bioactive glasses powder on the root surface should be used with caution despite the desensitizing effect and the 
promotion of remineralization.
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procedure resulted in the reduction of dentine permeability by creating 
dentine surfaces that are more resistant to acid attack [12]. It has 
been confirmed in a clinical study that using bioactive glasses for air-
polishing applications offered additional effects with a desensitizing 
effect and better patient acceptance [13]. BiominF® is a novel bioactive 
glass that contains fluorine in addition to calcium and phosphate 
which results in the precipitation of a more acid-resistant fluorapatite. 
A previous study showed that this powder is more conservative than 
both sodium bicarbonate and glycine powder as well as demonstrating 
tubular occlusion on the dentinal tubules [14].

A direct comparison between currently available polishing 
powders using in a standardized method is still lacking. Thus, the 
aim of the study was to evaluate the abrasiveness of novel bioactive 
glass powders (BiominF®) on ivory dentine compare to the reference 
powders. The null hypothesis would be that all polishing powders will 
result in no statistically change in dentine loss.

Materials and Methods

Sample Size Preparation

Ivory dentine obtained from UK airport customs which was 
delivered to Queen Mary University of London for research purposes 
y and used as the study sample. The dentine was sectioned with a 
hacksaw to obtain 15 mm thick section of flat surfaces. The outer layer 
of the cementum was removed. The samples were polished using a 
Kemet 3000 LVAC (Kamet International Ltd, Maidstone, Kent, UK) 
with polishing discs incrementally from 360 Grits up to 4000 Grit. 1 
cm x 1cm area was demarcated for the tested area for each sample. The 
samples were stored in an airtight container prior to use.

Powder Preparation

BiominF® bioactive glass (Biomin Technology Ltd, London) was 
mixed with 1% by weight Aerosil® R 974 with Turbula® T2F shaker 
mixer (WAB, Switzerland) at a speed of 101 rpm for 30 minutes to 
improve the flowability of the powder. References powders include 
Sylc® Blend bioactive glass (Osspray Ltd., London, UK), AIR-
flow® CLASSIC powder; Sodium bicarbonate (EMS Corp., Nyon, 
Switzerland), AIR-flow® PERIO powder; Glycine (EMS Corp., Nyon, 
Switzerland), and AIR-flow® PLUS powder; Erythritol (EMS Corp., 
Nyon, Switzerland) were used as supplied.

Particle Size Analysis

All tested powders were analyzed using a Malvern/E 
MASTERSIZER 3000 (Malvern instruments, UK). Five measurements 
were taken of each powder and the results were expressed as percentiles 
D (10), D (50), and D (90).

Powder Output Test

To determine the powder output rate of each powder in grams 
per minute, the NSK’s Prophy-Mate neo handpiece (Nakanishi INC., 
Japan) was used with the air pressure set at 0.4 MPa (58.0151 psi) 
for 120 s without application of water. The powder was checked and 
filled with 11 g of each tested powder. The powder in the chamber 

was weighed before and after the application using a Metteler HK160 
digital scale (Mettler Toledo, UK) with an accuracy of 0.0001 g. The 
measurement of each powder was repeated 5 times.

Air-Polishing Test

A Prophy-Mate neo polishing system from NSK (Nakanishi INC., 
Japan) was used in the experiment. The standardized protocol was 
followed with a distance of 5 mm at 90 degrees from the surface, and 
the air pressure was set at 0.4 MPa (58.0151 psi). The powder chamber 
was checked and filled to the same level before the application without 
any water. Each test powder was applied for 5 and 10 seconds.

White Light Profilometer Analysis

A non-contact white light profilometry (Proscan® 2000, Scantron, 
Taunton, UK) was used to quantify the surface loss due to the air-
polishing application. A S13/1.2 chromatic sensor with 25 nm vertical 
resolution was used. A dark reference background was checked prior 
to scanning to ensure optimum sensitivity. An area of 3.5 x 3.5-mm 
dimension was scanned for each sample. Scanning was performed with 
a step size of 20 µm. Proscan 2000 ver. 2.1.1.8+ (Scantron industrial 
products Ltd, Taunton, UK) was used to quantify surface loss. The 
software generated three-dimensional images combining the height of 
focus points with the location in x-axis and y-axis linear position. The 
depth evaluation was performed by calculating the changes in z-axis 
relative to unaffected reference points. Five random depth of wear 
areas were chosen for each sample for the depth evaluation.

Statistical Analysis

The mean wear depth and standard deviation of each group were 
calculated. To test for differences between groups, one-way ANOVA 
was performed followed by a Tukey’s post hoc test. The independent 
samples t-test was used to compare means of wear depth between 5 s 
and 10 s application time. The level of significance was set at 0.05. All 
statistical analysis was performed using IBM SPSS statistical software 
package (version 27.0 Inc., New York, NY, USA).

Results

Particle Size Analysis

The particle size distribution (in micrometers; μm) of all powders 
is shown in Table 1. The numerical values are shown as percentiles of 
D10, D50, and D90, indicating the portion of particles with diameters 
below this value in μm is 10%, 50%, and 90%, respectively.

Powders Particle size (μm)

D10 D50 D90

BiominF® 2.86 13.2 39.4

Sylc® Blend 11.7 52.1 113

Sodium bicarbonate 12.5 49.4 120

Glycine 5.99 21.3 51.5

Erythritol 5.1 17.6 38.2

Table 1: Particle size distribution of all tested powders.
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Powder Output Rate

The mean ± standard deviations of all powders are presented in 
Figure 1. The mean weight of powder output is presented in Figure 
1. One-way ANOVA indicated there was a significant difference in 
power output rate between powders (p<0.001). A Tukey’s post hoc test 
showed that there were statistically significant differences between 
the Sylc® blend and sodium bicarbonate powders compared to the 
remaining powders (p<0.05). No significant differences were detected 
between BiominF®, glycine, and erythritol powders (p>0.05).

White Light Profilometer Analysis

The mean wear depth of BiominF®, Sylc® Blend, sodium 
bicarbonate, glycine, and erythritol in 5s and 10s application time is 
presented in Figure 2. There were statistically significant differences 
between groups as determined by one-way ANOVA (p<0.001) for 
both application times. Overall, the wear depth of bioactive glass 

powders (BiominF® and Sylc® blend) were significantly higher than 
reference powders (sodium bicarbonate, glycine, and erythritol (p< 
0.05) for both application times. A Tukey’s post hoc test revealed 
deeper wear depth in both BiominF® and Sylc® Blend powders 
compared to the other powders for both application times. The mean 
wear depth of BiominF® was significantly higher than Sylc® Blend 
after 5 s application, but not for the 10 s application.  There were no 
significance differences between sodium bicarbonate and glycine, 
sodium bicarbonate and erythritol, and erythritol and glycine in both 
application times. The 10 s application time resulted in statistically 
significant deeper wear depth in BiominF®, Sylc® Blend, and glycine 
powders (p <0.05). Representative profilometer scanned surfaces 
of ivory dentine are shown in Figure 3 after air-polishing with the 
powders for 5s and 10s.

In summary, the null hypothesis was rejected, bioactive glass powders 
resulted in greater wear depth compared to the reference powders.

Figure 1: Comparison of the mean powder output rate+ SD between different powders.

Figure 2: Mean wear depth in micrometers (μm) of the different powders for 5s and 10s application time.
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Discussion

BiominF® is a novel bioactive glass that has the advantage in 
promoting remineralization and has a desensitizing effect by the 
formation of fluorapatite to occlude dentinal tubules. There is limited 
information regarding the safety of using this powder as a polishing 
powder for debridement on the dentine surface compared to other 
commercially available powders. A previous study showed that this 
powder was significantly less abrasive than either sodium bicarbonate 
or glycine [14] using a different type of handpiece. On the contrary, 
the main finding of the present study revealed that bioactive glasses 
(BiominF® and Sylc® Blend) were to be significantly more abrasive than 
the reference powders (sodium bicarbonate, glycine, and erythritol). 
Unlike the previous study, the present study also evaluated the 
powder output rate. Despite the small particle size of BiominF®, the 
greater damage observed on the dentine surface indicated that other 
factors may play a significant role in determining the abrasiveness 
of powders. It was shown that the rate of dentine loss increased with 
increasing exposure time [9,15]. The findings of this study also a 
showed deeper wear depth with increased application time (5s vs 10 s) 
in the BiominF®, Sylc® Blend, and glycine powder.

Bioactive glasses were first developed as a bone replacement 
material [16] and has since expanded its application for regenerating 
dental hard tissue [17]. Its application has extended to being used as 
an abrasive agent for dental prophylaxis [13] air abrasion for caries 
removal [18,19] and residual orthodontic adhesive removal [20]. 
The first large scale commercial use of a bioactive glass was for the 
treatment of dentine hypersensitivity. The addition of fluoride to 
bioactive glasses enables the formation of fluorapatite to occlude 
dentinal tubules, when in contact with oral fluids. Fluorapatite is 
more acid-resistant than carbonated hydroxyapatite [21] to an acidic 
attack. Fluorapatite is beneficial in the prevention of dental caries, 
enhancing remineralization, and treating dentine hypersensitivity.  

A clinical trial reported that the use of bioactive glass toothpaste 
containing 5% Fluoro-calcium phospho-silicate resulted in a more 
effective reduction of dentine hypersensitivity compared to arginine 
and calcium carbonate-based products [22]. The primary aim of using 
bioactive glass as an air polishing powder is to debride root surfaces 
simultaneously with occluding in dentinal tubules by depositing 
calcium phosphate ions onto the tooth surface. The use of bioactive 
glass with an air-polishing system has been demonstrated to be the 
most effective approach to create a dentine surface resistant to acid 
attack and reduce dentine permeability [12]. A clinical trial reported 
that this bioactive glass was more effective in the removal of extrinsic 
strain and offered a longer desensitizing effect compared to sodium 
bicarbonate [13]. The fact that this powder was more efficient in stain 
removal could be due to its greater powder density which may be a 
concern regarding the safety when applying the powder on the root 
dentine surface.

Sultan et al. (2019) investigated the use of bioactive glass, BiominF®, 
on dentine surfaces and showed that this powder was more conservative 
in terms of abrasivity compared to either sodium bicarbonate or glycine 
powders. In the present study, a NSK’s Prophy-Mate neo handpiece was 
used, instead of the Aqua Care air abrasion system used in a previous 
study, to facilitate the powder output rate determination by adding a 
pyrogenic silica as a flow aid. The results of the present study showed 
that both bioactive glasses, Sylc® Blend and BiominF®, were significantly 
more aggressive compared to the other powders. A significant amount 
of dentine loss, up to 250 μm, was created in a relatively short application 
time, thus great caution must be exercised before using these powders 
on dentine surfaces. Considering that the thickness of cementum 
around the cervical region ranged from 50 to 200 μm [23], the 
repeated application of these powders should be avoided. Comparing 
the findings of the present study, the amount of root surface loss due 
to the bioactive glass powders were comparable to those root surfaces 
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Figure 3: Representative profilometer scanned surfaces of ivory dentine after air-polishing for 5 s and 10s. (a, f) BiominF®, (b, g) Sylc® Blend, (c, h) sodium bicarbonate, (d, i) glycine, and (e, j) 
erythritol.
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instrumented with curettes when applying 12 working stokes with an 
applied force of 500-1000 p [2]. On the other hand, the application of a 
high sodium content fluoride-containing bioactive glass in air abrasion 
on the enamel surfaces was showed to be effective in the removal of 
residual orthodontic adhesive without causing significant enamel 
damage when compared to 45S5 (Sylc®) bioactive glass and a tungsten 
carbide bur. This was in all probability due to the hardness of the glass 
which was harder than the orthodontic adhesive but softer than the 
enamel surface. Apatite formation from BiominF®, which occurs earlier 
than 45S5 (Sylc®), provided an additional benefit in promoting enamel 
remineralization [20].

Sodium bicarbonate, glycine, and erythritol were shown to be 
much more conservative powders when applying to the dentine surface 
without causing significant differences. In this present study, sodium 
bicarbonate produced only slightly deeper wear depth compared with 
glycine and erythritol. This contradicts a previous study showing 
that glycine powder resulted in significantly less substance loss when 
compared with sodium bicarbonate [8]. Also, the finding of this study 
showed no significant difference in the wear depth between glycine and 
erythritol, which is in accordance with a previous study indicating that 
these powders have a similar smaller surface-damaging potential [24].

The abrasiveness of an air-polishing application is determined by 
various factors including particle size and particle size distribution 
[25], the shape of the particles [26], hardness of the particle forming the 
powder, power and water setting, working distance, application time 
[9]. It was shown that the abrasivity effect of air abrasion is correlated 
with the D90 particle size in the distribution [27]. Despite the smaller 
particle size of BiominF®, the greatest wear depth was produced by 
BiominF®. This could be explained by the greater hardness of bioactive 
glasses compared to the reference powders. Mohs hardness index 
of bioactive glasses are significantly higher than those of sodium 
bicarbonate, glycine, and erythritol [28]. The Vickers hardness of 
BiominF® and Sylc® was 4.5 GPa and 4.63 GPa, respectively [20].

It has been demonstrated that a mean particle size below 12 μm 
would have limited flowability due to greater Van der Waals forces 
between particles that resulted in the tendency of particles to stick 
together rather than flow freely from the handpiece [29]. Hydrophobic 
fumed silica (Aerosil® 974), which has an anti-caking property, was 
added to BiominF® to improve the flowability. Aerosil® 974 coated the 
surface of small particles, creating space between them thus allowing 
particles to flow freely. The powder output rate of BiominF® with the 
addition of 1% by weight of Aerosil® 974 resulted in a comparable 
flowability to glycine and erythritol and significantly greater than Sylc® 
Blend and sodium bicarbonate. The low standard deviation of powder 
output may indicate that BiominF® could transport reproducibly and 
reliably. A previous study showed that BiominF® is less abrasive than 
Sylc® of similar particle size [27]. It is important to note that in this  
study, no information regarding powder output rate was provided 
[14]. In the present study, BiominF® and Sylc® blend showed similar 
abrasiveness as represented in comparable wear depth despite the 
significantly higher powder output rate of BiominF®. The greater 
powder output rate of BiominF® may result in an increased kinetic 
energy and damage transferred to the tooth surface.

Various tooth substitute materials have been utilized to reduce 
variability arising from the different tooth samples. The enamel 
analogue, Macor®, was used as a substrate in previous air-abrasion 
studies to minimize unwanted physical variables [27,30]. Ivory 
dentine was introduced for evaluating surface changes due to air-
polishing application as the model offered a reduction in the variation 
compared to human dentine by providing a large flat surface area ideal 
for laboratory investigation [14,18]. A slightly lower hydroxyapatite 
content has been observed for ivory dentine compared to human 
dentine resulting in a lower bending strength. Nevertheless, the size 
and shape of dentinal tubules of ivory dentine and its modulus and 
presumably its hardness are comparable to that of human dentine 
[31]. No direct comparison of ivory dentine and the tooth surface for 
air polishing application was assessed in the present study which may 
limit extrapolation of any findings to human dentine.

A non-contact optical profilometer is an optical device utilizing 
either laser or white light to quantify the mineral loss of hard tissue 
and measure the surface roughhouses and functions by comparing 
different height differences using a spectrometer. White light 
profilometer, used in the present study, is a non-invasive method to 
analyze the surface topography without any physical contact with the 
sample [32]. This technique was shown to provide a reliable method 
for quantifying surface loss with a similar level of precision compared 
to other measuring methods [33].

The present study provides a comprehensive investigation 
regarding the abrasiveness of available powders. A previous study 
only assessed the effect of different commercially available powders 
on enamel surfaces only [34].

It is important to note that comparison of the findings from this 
present study to other studies is difficult due to differences in the 
experimental protocols. For instance, water was not added in the study 
because water films coated on the surface may dampen the impact of 
the abrasive particles [35] as well as influence the wear depth [9]. A 
standardized experimental protocol, therefore, needs to be established 
when evaluating the abrasiveness of air polishing powders.

Further improvement in bioactive glass as a potential air polishing 
powders on the root surface is still required. It was shown that 
increasing Na2O can cause a pronounced decrease in bioactive glass 
hardness [26]. The question as to whether usingan air polishing device 
with a reduced pressure would be beneficial in reducing the abrasivity 
of bioactive glass powders should also be investigated. A previous 
study showed that the debridement efficacy of a glycine powder after 
5 s application as represented by a stain-free area was only observed 
in around 45% of periodontal pockets with various depths [36]. It is 
still unknown if a more abrasive powder would result in more effective 
biofilm removal, and whether or not the presence of the dental biofilm 
could limit any potential damage to the dentine. The effect on the soft 
tissue a bioactive glass powder should also be further investigated.

Conclusion

Bioactive glasses (BiominF® and Sylc® Blend) were significantly 
more abrasive than sodium bicarbonate, glycine, and erythritol 
powders. The abrasiveness of bioactive glasses should be reduced to 
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minimize the loss of root dentine to take advantage of the desensitizing 
effect and promotion of remineralization of these glasses. Further 
studies are required to improve the powder characteristics for a safe 
and effective mean to debride root surfaces.
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