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Objectives. The aim of this in vitro study was to evaluate the effect of air-abrasion surface

pre-treatment with bioactive glass (BAG) 45S5 on enamel surface loss after erosion/abrasion

challenge.

Methods. Twenty-four sound bovine incisors were used for this study. Four experimental

groups (n = 12) were assigned as follows: Group 1 was the negative control group, Group 2

specimens were treated with a SnF2 gel (positive control group), Group 3 specimens were air-

abraded with BAG 45S5 (ProSylc) and Group 4 received both treatments. The specimens were

submitted to erosion/abrasion challenge using a common soft drink. Enamel surface loss

was  evaluated using an optical profilometer. Additionally, surface roughness (VSI method)

and  surface microhardness (Vickers method) changes were evaluated, as well as SEM and

EDS  analyses were performed on enamel surface. The data were statistically analyzed using

one-way  ANOVA and Tukey’s post-hoc test at a level of significance a = 0.05.

Results. Surface pre-treatment with BAG 45S5 reduced surface loss in comparison with neg-

ative  control group (p < 0.001), which exhibited the highest surface loss of the experimental

groups (p < 0.05). The positive control group (SnF2 treatment) and Group 4 specimens, which

received both air-abrasion pre-treatment and SnF2 treatment, presented the lowest surface

loss  (p < 0.05), but did not show significant differences to each other (p = 0.65).

Significance. Air-abrasion pre-treatment with BAG 45S5 may be beneficial as an in-office
preventive method for the limitation of enamel erosive wear induced by excessive con-

sumption of soft drinks. The clinical significance of the results regarding this preventive

method should be confirmed by clinical studies.

© 2019 The Academy of Dental Materials. Published by Elsevier Inc. All rights reserved.
.  Introduction
rosive tooth wear is defined as a chemical–mechanical pro-
ess which leads to a cumulative loss of hard dental tissues by
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acids of non-microbiological origin [1]. Erosive agents attack
tooth mineral by first softening the surface, and this soft-
ening makes the tooth more  susceptible to some of the
abrasive forces that develop in oral cavity. The mechanism
of erosive tooth wear deals with the fact that erosive dem-

ineralization on tooth surface takes place not only at the
tooth surface/erosive agent interface, but also within a partly
demineralized thin layer beneath the tooth surface, during a
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process namely near-surface demineralization [2]. These sub-
surface lesions present low mechanical properties rendering
the tooth tissues vulnerable to the progress of erosive wear
and also more  susceptible to the caries process [3].

The etiology of erosive tooth wear includes a combina-
tion of various chemical, biological and behavioral factors
which affect its pathogenesis and in different interactions
of these factors are attributed the different clinical expres-
sions in patients [4]. Prevention of erosive tooth wear
includes causal therapy and an individually tailored pre-
ventive program [5]. Recently, due to changes in lifestyle a
rapid increase in daily consumption of soft drinks has been
observed. More  often, soft drinks are very acidic (pH < 3) and
because of their excessive consumption they induce dissolu-
tion of tooth surface minerals and reduction of tooth surface
volume [6].

Currently, various clinical treatments have been proposed
for protection of the tooth structures from erosive tooth wear
by increasing their resistance to acidic attacks. Most of those
treatments act by modifying the tooth surfaces in a way
that hydroxyapatite crystals become less acid soluble [2] or
by forming protective layers on the tooth surfaces [7]. The
use of fluoride has been investigated and there is evidence
that is capable of decreasing erosive tooth wear. Monovalent
and polyvalent fluorides have been used for different vehicles
such as mouthrinses, toothpastes, gels and varnishes. Most
effective formulations were the products containing stannous
fluoride (SnF2) [1,8]. In particular, it has been reported that
Sn-containing toothpastes can reduce enamel loss around
33–60% [9]. However, tooth brushing may significantly increase
enamel surface loss [10].

Recently, bioactive agents such as bioactive glass (BAG)
45S5 [11], casein phosphopeptide–amorphous calcium phos-
phate (CPP–ACP) [12] and nano-hydroxyapatite [13] have been
introduced in various forms for prevention and remineraliza-
tion of erosive lesions of the teeth. BAG 45S5 is an inorganic
amorphous, calcium, sodium phospho-silicate material which
contains fivefold ratio of Ca/P. It interacts with aqueous solu-
tions such as saliva to form a hydroxycarbonate apatite layer,
attached chemically to the treated surfaces [14]. BAG appli-
cation on tooth tissues can release high concentrations of
calcium and phosphate ions which may be capable of pen-
etrating and remineralizing the sub-surface demineralized
enamel via the porous enamel surfaces that was subjected to
an acidic attack [15].

Therefore, the aim of this in vitro study was to evaluate
the effect of an in-office preventive treatment against erosive
tooth wear, which involves air-abrasion surface pre-treatment
with BAG 45S5, on enamel susceptibility after erosion/abrasion
challenge using a common soft drink. For this reason the
depth of the formed lesions was estimated by measuring
enamel surface loss, as well as the surfaces of the lesions
were qualitatively investigated by measuring surface rough-
ness and surface microhardness. Moreover, scanning electron
microscopy (SEM) and energy dispersive X-ray spectroscopy
(EDS) analysis of the mineral composition of the enamel were

also performed for deeper analysis of the results. The null
hypothesis of the study was that there were no significant
differences in enamel surface loss among the experimental
groups after erosion/abrasion challenge.
 ( 2 0 1 9 ) e193–e203

2.  Materials  and  methods

2.1.  Preparation  of  enamel  specimens

Twenty-four sound bovine incisors were used in this study and
were stored in a 0.5% chloramines T solution at 6 ◦C for up to 1
month prior the experiment. The crowns of the teeth were sep-
arated from the roots, and each crown was sectioned into two
halves using a water-cooled diamond disc (Isomet, Buehler,
Lake Bluff, IL, USA). The dimensions of each enamel specimen
were 4 mm long, 4 mm wide and 1.5 mm thick. The 48 enamel
specimens were not allowed to be dehydrated and examined
by means of optical microscope for any surface structural
defection. Subsequently, they were randomly distributed into
4 groups (n = 12) and were embedded in epoxy resin (Epofix
resin, Struers Tech A/S, Denmark) with facial or lingual surface
facing up. The enamel surfaces were ground and polished on
a polishing machine (Jean Wirtz TG 250, Dusseldorf, Germany)
with 200 rpm under water cooling (50 ml/min) using up to
1200 grit silicon carbide abrasive papers (Struers, Copenhagen,
Denmark) and a 0.4 �m alumina polishing suspension, in order
to form parallel planar surfaces. After polishing, the spec-
imens were immersed in an ultrasonic bath (Euronda Spa,
Montecchio Precalcino, Vicenza, Italy) for 5 min  to remove any
impurities and stored in a remineralizing solution for 24 h at
37 ◦C before the experiment. The composition of the reminer-
alizing solution was as follows [16]: 0.103 g/l of CaCl2, 0.019 g/l
MgCl2*6H2O, 0.544 g/l KH2PO4, 2.24 g/l KCl and buffer (TCP-
KOH) was added to adjust the pH to 7. The specimens were
stored in fresh remineralizing solution during all the experi-
mental period.

2.2.  Formation  of  erosive  enamel  surfaces

In order to receive baseline erosive enamel surfaces, the spec-
imens were cycled four times through alternating erosive and
remineralizing solutions to induce erosive-like lesions [17].
Each cycle consisted of enamel specimen immersion in 10 ml
of a cola drink (Coca Cola, 3E Company, Greece) for 2 min,
followed by 2 h in the remineralizing solution. Between each
cycle, the specimens were rinsed with deionized water for
10 sec and gently dried with paper towel.

2.3.  Experimental  groups  of  the  study

The four experimental groups (n = 12) of the study were sub-
mitted to one of the following treatments:

Group 1, was the negative control group of the study and the
specimens did not receive any preventive treatment during
the experimental period.

Group 2, was the positive control group of the study. The
enamel specimens before the first erosive challenge of each
day were smeared with Emofluor

®
gel (Dr. Wild & Co. AG, Mut-

tenz, Switzerland), which contains 0.4% SnF2 (Table 1) and

presents RDA 18. The gel was left for 1 min  on the enamel sur-
faces according to manufacturer’s instructions and then the
specimens were immersed into the remineralization solution
for 1 h before the first erosive challenge of the day.

https://doi.org/10.1016/j.dental.2019.05.009
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Table 1 – The technical characteristics of the materials used in the present study according to manufacturers.

Product Active agent
(form)

Manufacturer Composition Lot
number

ProSylc NovaMin
®

(powder)
Velopex,
Harlesden, UK

100% NovaMin
®

, particle size: 30–60–90 �m, SiO2:
45%, CaO: 24.4%, Na2O: 24.6%, P2O5: 6%

160316

Emofluor Stannous
fluoride (gel)

Dr.  Wild & Co.
AG, Muttenz,
Switzerland

Aqua, glycerin, propylene glycol,
PEG-40-hydrogenated castor oil, cellulose gum,
PEG-8, phosphocolamine, aroma, SnF2 0.4% (1000
ppmF-), sodium saccharin

6190

Colgate
®

Cavity
Protection

Sodium fluoride,
sodium monoflu-
orophosphate
(paste)

Colgate-
Palmolive Co.,
Guildford, Surrey,
UK

Dicalcium phosphate dihydrate, aqua, glycerin,
sodium lauryl sulfate, cellulose gum, aroma, MFP
0.76% (1000 ppmF−), tetrasodium pyrophosphate,
sodium saccharin, NaF 0.1% (450 ppmF−)

–
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Coca Cola Phosphoric acid,
carbonate
(solution)

Coca Cola 3E
Company,
Marousi, Greece

An AquacareTM clinical air-abrasion unit (Velopex, Harles-
en, UK) was used to treat the enamel surface of the Group 3
pecimens with ProSylc (Velopex, Harlesden, UK), which con-
ains powder of BAG 45S5 (NovaMin

®
). Each enamel specimen

eceived air-abrasion for 10 s in wet  abrasion mode fulfilled by
hrouding the air stream with a curtain of de-ionized water.
he following operating parameters were selected: air pres-
ure, 20 psi (∼1.38 bar); powder flow rate dial, 1 g/min; nozzle
ngle, 90◦; nozzle-surface distance, 5 mm and the internal
ozzle diameter, 900 �m [18]. The composition of ProSylc is
resented in Table 1. Air-abrasion was carried out only once
t the first day, 1 h before the first erosive challenge and then
he specimens were immediately immersed in fresh reminer-
lizing solution.

Group 4 specimens received both preventive treatments
escribed for Group 2 and Group 3 in order to investigate if
here is any interaction between the two treatments.

.4.  Erosion/abrasion  challenge

n the present investigation, a common soft drink (Coca Cola,
E Company, Greece) was used as erosive agent (Table 1). The
H of the soft drink was measured using a digital pH-meter

Orion StarTM Series ISE Meter, Thermo Scientific, Beverly,
SA) and was stable (pH = 2.47 ± 0.09) for at least 15 min  at

oom temperature (23 ± 1 ◦C). The enamel specimens were
emineralized 6 times per day for 10 days following the pro-
ocol of Schlueter et al. [19]. More  specifically, each enamel
pecimen was removed from the remineralizing solution,
insed with deionized water for 10 s and air-dried for 5 s. Sub-
equently, each specimen was immersed into 30 ml  of fresh
oft drink in a plastic container for 2 min, at 25 ◦C and then
insed again with deionized water for 20 s, air-dried for 5 s and
tored in fresh remineralizing solution at 37 ◦C. After the first
nd the last erosive challenge of the day an abrasion chal-
enge was followed using a commercial electric toothbrush
Oral-B

®
, Braun, France). This means that the abrasive chal-

enge was performed twice a day for 10 days. The parameters
f the tooth brushing were as follows: load of the toothbrush,

tandardized at 200 g; medium hardness, round toothbrush
ead; rotation rate, 7500 rpm and time of brushing for each
namel specimen, 5 s/abrasive challenge resulting in 10 s per
ay. The electric toothbrush was fixed in a constructed device
Water, sugar, carbon dioxide, caramel color E 150d,
phosphoric acid, natural flavors, caffeine, pH = 2.47

–

that allowed the heads of the brushes to be aligned parallel to
the surface of the specimens and to control the pressure by
an electric system. The toothbrush head was in direct contact
with the specimen and Colgate

®
Total toothpaste (Table 1),

with RDA 70, was used to form slurry that consisted of 1:1
(w/W) deionized water and toothpaste. The specimens were
kept in the slurry for 2 min  during which time the brushing
procedure was performed (5 s each specimen). Subsequently,
the specimens were rinsed with deionized water for 20 s, air-
dried for 5 s and immersed into remineralizing solution at
37 ◦C [20].

2.5.  Surface  loss  measurements

Before air-abrasion treatment and erosion/abrasion cycles,
half of each enamel surface of the specimens was covered
with one-sided silver adhesive tape (Wonder

®
Tape, P.V.C. Elec-

trical Tape). Measurements for surface loss were carried out
after air-abrasion treatment and following erosion/abrasion
challenge using an optical profilometer (Bruker, ContourGT,
Berlin, Germany). After removal of the adhesive tape four
images (magnification ×20) were obtained from the centre
of each specimen’s surface corresponding to a surface of
0.317 × 0.238 mm2. The enamel surface loss was calculated
after superimposing the baseline and post-treatment profiles.
The depth of the lesion for each specimen was calculated
based on the subtraction of the two profiles. Five measure-
ments were performed for each image  (40 �m apart) and data
were averaged and reported in �m.

2.6.  Surface  roughness  measurements

Surface roughness analysis of the enamel specimens was
performed according to ISO 25178 (non-contact type) which
is related to the analysis of 3D areal surface textures. The
measurements were carried out prior and after the ero-
sion/abrasion challenge and additionally in Groups 3 and 4
after air-abrasion treatment using a Vertical Scanning Interfer-
ence (VSI) microscope (Bruker, ContourGT, Berlin, Germany).

Three images were obtained (magnification ×20) from each
specimen at the four quadrants of the enamel surface which
correspond to a surface of 0.317 × 0.238 mm2. Vision64TM

software (Bruker, ContourGT, Berlin, Germany) was used to

https://doi.org/10.1016/j.dental.2019.05.009
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Table 2 – Means and standard deviations (n = 12) of surface loss (�m)  of the experimental groups of the study after
erosive/abrasion challenge. Same uppercase superscripts in columns indicate no significant differences among
treatments (p > 0.05).

Groups Treatments Surface loss (�m)
after air-abrasion
treatment

Surface loss (�m)  after
erosion/abrasion
challenge

1 No treatment (− control) – 24.8 ± 4.2A
2 SnF2 gel (+ control) 

3 Bioglass air-abrasion 

4 Bioglass air-abrasion + SnF2 gel

acquire the data and compute the mean surface roughness in
Sq units of each image.  The values of the twelve images of each
specimen were averaged and the mean value was calculated.

2.7.  Surface  microhardness  measurements

Surface microhardness of each enamel specimen was evalu-
ated prior and after the erosion/abrasion challenge. In Groups
3 and 4, surface microhardness was also evaluated after air-
abrasion treatment. The method used for the assessment of
surface microhardness was the Vickers method with a hard-
ness tester (HMV-2000, Shimadzu, Tokyo, Japan) at a load of
200 g and indentation time of 10 s. Five indentations were
made on the top surface of each enamel specimen, one in
the centre and one in every quadrant (500 �m apart). Data
were independently averaged and reported in Vickers Hard-
ness Numbers (VHN).

2.8.  SEM  and  EDS  analysis

Aiming to investigate the modification of enamel surface prior
and after the erosion/abrasion cycling, ten specimens of each
experimental group were prepared. The first five specimens
(n = 5) of each group were observed prior the erosion/abrasion
cycling and the other five (n = 5) after the end of the pro-
cedure. The specimens were mounted on aluminum stubs,
sputter coated with carbon to a thickness of approximately
200 Å in a vacuum evaporator (at low vacuum) and exam-
ined under Scanning Electron Microscope (JEOL Ltd, JSM-840,
Tokyo, Japan) at accelerated voltage of 20 kV. Four photomi-
crographs were performed (one in every quadrant) at ×1000
magnification on the surface area of the enamel specimens in
order to detect any changes in surface morphology after the
treatments. The mineral composition of the enamel surface of
each photomicrograph was evaluated using Energy Dispersive
X-ray Spectroscopy (EDS).

2.9.  Statistical  analysis

The sample size of each testing was calculated consider-
ing 80% power and a significance level of 0.05. The data
were statistically analyzed using SPSS Statistics 20.0 soft-
ware  (IBM Corp, ILL, Chicago, USA). Data were preliminary
tested for normality and homogeneity using Shapiro–Wilk test
and Levene test, respectively. Surface loss, surface roughness

and surface microhardness data of the enamel specimens
were statistically analyzed using one-way ANOVA and Tukey’s
post-hoc test was used to detect statistical differences at
a level of significance a = 0.05. Elemental composition of
– 15.9 ± 2.4B

2.4 ± 0.6 18.6 ± 3.5C

2.6 ± 0.4 15.2  ± 1.7B

the enamel was analyzed using Wilcoxon signed rank and
Kruskal–Wallis tests and the level of significance was preset at
a = 0.05.

3.  Results

3.1.  Surface  loss

Means and standard deviations of surface loss (�m)  of the
experimental groups of the study after erosion/abrasion chal-
lenge are shown in Table 2. In Fig. 1, a representative
topographic surface map  at magnification ×20 and surface
analysis of an enamel specimen is presented. Surface loss
was detected in all experimental groups after erosion/abrasion
challenge. Surface pre-treatment with ProSylc significantly
reduced surface loss in comparison with negative control
group (p < 0.001), which exhibited the highest surface loss of
the experimental groups of the study (p < 0.05). The positive
control of the study (SnF2 treatment) and Group 4 specimens,
which received both air-abrasion pre-treatment with ProSylc
and SnF2 gel treatment, presented the lowest surface loss
(p < 0.05), but did not show significant differences to each other
(p = 0.65). Air-abrasion pre-treatment induced around 2.5 �m
enamel surface loss.

3.2.  Surface  roughness

Means and standard deviations of surface roughness
expressed in Sq (�m)  of the experimental groups of the study
before and after erosion/abrasion challenge are shown in
Table 3. The 3D topographic surface map  at magnification ×20,
the contour histogram and the contour bearing ratio of a repre-
sentative specimen are illustrated in Fig. 2. Surface roughness
was significantly decreased in all experimental groups after
erosion/abrasion challenge (p < 0.05), except for Group 4, which
did not present statistically significant change (p = 0.81). This
slight decrease in Groups 1–3 was similar and ranged between
5.4% and 6.8%. In Groups 3 and 4, enamel surface roughness
was not changed significantly after air-abrasion pre-treatment
(p = 0.45) and (p = 0.68), respectively.

3.3.  Surface  microhardness

Means and standard deviations of surface microhardness

expressed in VHN of the experimental groups of the study
before and after erosion/abrasion challenge are shown in
Table 4. Surface microhardness was significantly reduced
in all experimental groups after erosion/abrasion challenge

https://doi.org/10.1016/j.dental.2019.05.009
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Fig. 1 – Representative topographic surface map  (magnification ×20) and surface analysis of an enamel specimen
(0.317 × 0.238 mm2) which were  used for calculating surface loss. This surface area was in the centre of the specimen in
order to observe baseline surface and surface after the abrasion/erosion challenge.

Table 3 – Means and standard deviations (n = 12) of surface roughness (Sq, �m)  of the experimental groups of the study
before and after erosive/abrasion challenge. Same uppercase superscripts in columns indicate no significant differences
among experimental groups (p > 0.05). Same lowercase superscripts in rows indicate no significant differences between
before and after erosive/abrasion challenge (p > 0.05).

Groups Treatments Before air-abrasion
treatment

Before erosion/
abrasion challenge

After erosion/
abrasion challenge

Reduction (%) after
erosion/ abrasion
challenge

1 No treatment (− control) – 0.221 ± 0.008Aa 0.207 ± 0.010Ab 6.3%
2 SnF2 gel (+ control) – 0.223 ± 0.002Aa 0.211 ± 0.011Ab 5.4%
3 Bioglass air-abrasion 0.216 ± 0.009a 0.220 ± 0.008Aa 0.205 ± 0.012Ab 6.8%
4 Bioglass

air-abrasion + SnF2 gel
0.214 ± 0.011a 0.221 ± 0.006Aa 0.216 ± 0.008Aa 2.3%

Fig. 2 – Representative topographic surface map  (×20 magnification) which correspond to 0.317 × 0.238 mm2 surface area of
an enamel specimen and was used for calculating surface roughness. Surface roughness units (S , S , S , S , S , S and
S  ratio

(
e
t
a

v), 3D surface map,  contour histogram and contour bearing

p < 0.05). The highest reduction in surface microhardness

xhibited the negative control group of the study, while
he lowest presented Groups 3 and 4 which received
ir-abrasion pre-treatment (p < 0.05) but did not present sig-
a q sk ku z p

 of the same surface were  also illustrated.

nificant differences to each other (p = 0.88). In Groups 3 and

4, enamel surface microhardness was not changed signifi-
cantly after air-abrasion pre-treatment (p = 0.72) and (p = 0.54),
respectively.

https://doi.org/10.1016/j.dental.2019.05.009
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Table 4 – Means and standard deviations (n = 12) of surface microhardness (VHN) of the experimental groups of the study
before and after erosion/abrasion challenge. Same uppercase superscripts in columns indicate no significant differences
among experimental groups (p > 0.05). Same lowercase superscripts in rows indicate no significant differences between
before and after erosion/abrasion challenge (p > 0.05).

Groups Treatments Before air-abrasion
treatment

Before erosion/
abrasion challenge

After erosion/
abrasion challenge

Reduction (%) after
erosion/ abrasion
challenge

1 No treatment (− control) – 253.8 ± 30.9Aa 118.6 ± 19.5Ab 53.3%
2 SnF2 gel (+ control) – 247.9 ± 19.0Aa 138.3 ± 17.1Bb 44.2%
3 Bioglass air-abrasion 247.4 ± 21.7a 243.6 ± 25.4Aa 160.4 ± 38.1Cb 34.1%
4 Bioglass

air-abrasion + SnF2 gel
227.5 ± 25.2a 225.6 ± 31.1Ba 170.5 ± 36.0Cb 24.4%

Fig. 3 – (a–d) Representative photomicrographs (magnification ×1000) of enamel surface of each experimental group of the
study after the treatments and before erosion/abrasion challenge. EDS spectrum and analytical composition of the elements
of each representative photomicrograph also appear below the SEM images. (a) Group 1, (b) Group 2, (c) Group 3 and (d)

Group 4.

3.4.  SEM  observations  and  EDS  analysis
Representative photomicrographs of the enamel surface of the
experimental groups of the study before the erosion/abrasion
challenge are illustrated in Fig. 3(a–d) and after the ero-
sion/abrasion challenge in Fig. 4(a–d). Observations of the SEM
images revealed alterations in enamel surface morphology

in Groups 3 and 4 after air-abrasion with bioglass particles.
More specifically, deposits of inorganic spherical particles
were detected. After erosion/abrasion challenge all the exper-

https://doi.org/10.1016/j.dental.2019.05.009
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Fig. 4 – (a–d) Representative photomicrographs (magnification ×1000) of enamel surface of each experimental group of the
study after erosion/abrasion challenge. EDS spectrum and analytical composition of the elements of each representative
p up 1

i
t
e
s
c

o
f
a
s
e
E
a
G
c
f
g

hotomicrograph also appear below the SEM images. (a) Gro

mental groups presented smoother enamel surfaces where
he enamel prisms were visible in most cases. The smoother
namel surfaces confirm the results mentioned above for
urface roughness analysis before and after erosion/abrasion
hallenge.

EDS spectrum and analytical composition of the elements
f each representative photomicrograph of the enamel sur-
ace of each group also appear below the SEM images. Means
nd standard deviations of elemental content (%wt) of enamel
urface before and after erosion/abrasion challenge for each
xperimental group are shown in Tables 5 and 6, respectively.
DS analysis revealed increased content of Sn in Groups 2
nd 4 which were treated with SnF2 gel (p < 0.05). Moreover, in
roups 3 and 4 increased content of Si was detected (p < 0.05),

onfirming the existence of bioglass particles on enamel sur-
ace. After the erosion/abrasion challenge the negative control
roup presented decreased content of Ca and P compared to
, (b) Group 2, (c) Group 3 and (d) Group 4.

the other experimental groups (p < 0.05), which did not show
alterations in Ca and P content.

4.  Discussion

Based on the results of the present study the null hypothesis,
which stated there were no significant differences in surface
loss among the experimental groups after erosion/abrasion
challenge, was rejected. Surface loss after erosion/abrasion
challenge was detected in all experimental groups of the study
and ranged between 15.2 ± 2.7 and 24.8 ± 4.2 �m.  However,
the tested anti-erosive treatments of the study reduced sig-
nificantly surface loss after the erosion/abrasion challenge

compared to the negative control group. This is in agreement
with previous investigations regarding bioactive glass [11,15]
and stannous fluoride [7,9] treatments against enamel ero-
sion.

https://doi.org/10.1016/j.dental.2019.05.009
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Table 5 – Means and standard deviations (n = 5) of elemental content (%wt) of enamel surface before erosion/abrasion
challenge for each experimental group of the study. Different lowercase superscripts in rows indicate statistically
significant difference (p < 0.05).

Elements Group 1 Group 2 Group 3 Group 4

Ca 38.63 ± 3.37a 36.12 ± 7.13ab 37.42 ± 3.20a 34.91 ± 5.40b

P 19.81 ± 3.77a 19.74 ± 2.93a 20.44 ± 3.81a 19.29 ± 3.42a

Si 0.02 ± 0.01a 0.10 ± 0.04b 0.38 ± 0.11c 0.41 ± 0.09c

Na 0.87 ± 0.12a 0.79 ± 0.11a 0.64 ± 0.12b 0.56 ± 0.13b

Sn 0.00 ± 0.00a 1.89 ± 0.13b 0.00 ± 0.00a 1.14 ± 0.21c

Cl 0.68 ± 0.11a 0.59 ± 0.09b 0.56 ± 0.07b 0.74 ± 0.13a

F 0.12 ± 0.06a 1.27 ± 0.19b 0.07 ± 0.04a 0.82 ± 0.08c

O 39.87 ± 2.66a 39.62 ± 4.25a 40.49 ± 3.02a 42.13 ± 4.88a

Table 6 – Means and standard deviations (n = 5) of elemental content (%wt) of enamel surface after erosion/abrasion
challenge for each experimental group of the study. Different lowercase superscripts in rows indicate statistically
significant difference (p < 0.05).

Elements Group 1 Group 2 Group 3 Group 4

Ca 29.61 ± 3.71a 34.21 ± 3.04b 40.63 ± 4.44c 41.53 ± 3.72c

P 18.61 ± 2.16a 20.75 ± 2.73ab 22.37 ± 3.00b 21.16 ± 2.41b

Si 0.00 ± 0.00a 0.00 ± 0.00a 0.26 ± 0.05b 0.30 ± 0.05b

Na 0.40 ± 0.08a 0.57 ± 0.10b 0.62 ± 0.06b 0.45 ± 0.06a

Sn 0.00 ± 0.00a 4.48 ± 0.31b 0.00 ± 0.00a 4.27 ± 0.42b

a
 0.08b c c

 0.03
 ± 3.2
Cl 0.36 ± 0.05 0.74 ±
F 0.00 ± 0.00a 0.26 ±
O 51.02 ± 4.15a 38.99

As Schlueter et al. [19] claim, there is no standard for
evaluating anti-erosive/anti-abrasive treatments, making the
comparison of study outcomes difficult. In the present study,
a very common commercial soft drink was tested as ero-
sive agent, which is broadly used all over the world and has
been used in various previous studies [1,12]. Additionally,
erosion/abrasion challenge of the current study, which cor-
responds to excessive consumption of the tested soft drink,
was adopted from previous investigations [19,20], as well as
the protocol for air-abrasion pre-treatment [18].

In the present study, a remineralizing solution was used as
a substitute for human saliva. This formula has been used in
previous laboratory studies for the same purpose [16,21]. The
use of human saliva is very difficult due to its variable com-
position and lack of stability outside the oral cavity. The main
purpose of using synthetic preparations is to obtain a stable
environment and standardized procedures in laboratory tests
across a wide range of biological studies [22].

Another limitation of the present in vitro study was the use
of bovine teeth. Bovine teeth are more  readily available and
have a more  uniform composition when compared to human
teeth, thus providing a less variable response to erosive chal-
lenges. Although bovine enamel is more  porous than human
enamel, which results to faster demineralization and reminer-
alization processes, these differences are mainly quantitative
and not qualitative in behavior [23]. Thus, bovine enamel can
be considered an acceptable alternative to human enamel and
is very commonly used in laboratory studies for evaluating
dental erosion [24–27].

Preventive measures against erosive tooth wear are usu-
ally suggested when there is early diagnosis of erosive tooth

lesions. Different enamel lesion depths may have different
susceptibility to demineralization. Carvalho et al. [26], who
focused on how dental erosion progress differs between sound
teeth and teeth already presenting clinical signs of erosive
0.52 ± 0.06 0.49 ± 0.05
b 2.55 ± 0.09c 0.23 ± 0.04b

5b 33.05 ± 3.08c 31.57 ± 4.69c

tooth wear, reported that the teeth already had erosive signs
presented different demineralization patterns than originally
sound teeth after further in vitro erosion. In this context, the
tested preventive treatments of the present study were applied
to erosive enamel surfaces forming according to a protocol of
a previous study [17].

In the current investigation, air-abrasion pre-treatment
with bioglass particles reduced significantly enamel surface
loss after erosion-abrasion challenge compared to the nega-
tive control group. Bioactive materials, such as bioactive glass,
have been broadly investigated for multiple applications in
dentistry in recent years due to their beneficial properties
[28]. Bioactive glasses are surface reactive glass-ceramic bio-
materials and include BAG 45S5. When it is in contact with
tooth surfaces and saliva under acidic conditions, a series of
chemical reactions are initiated (involving release of calcium
and phosphate ions) and the formation of a hydroxycarbonate
apatite layer takes place and chemically bonded to the tooth
surfaces [29]. The bioactive cycle of 45S5 bioglass needs at least
2 h to be completed [15] and the forming layer could act as a
protective barrier to acidic attacks enhancing the resistance
to dissolution of enamel. More specifically, after air-abrasion
treatment and during erosion/abrasion cycle calcium, phos-
phate, and sodium crystals leach out of the bioglass network
into the aqueous acidic solution, while calcium and phosphate
ions are released from the underlying demineralized enamel.
Sodium is washed out by the aqueous solution, whereas the
phosphate ions released from enamel and 45S5 bioglass react
with the calcium ions to form acidic calcium-phosphate salts
(i.e., brushite), which precipitate on the enamel surface [30].
The silica network of the 45S5 bioglass reacts with hydroxyl

ions released from aqueous storage media to form silanol
compounds [31], which are soluble in water and this may
be the explanation why only trace amounts of silica were
detected upon elemental analysis by EDS.

https://doi.org/10.1016/j.dental.2019.05.009
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The aforementioned protective layer is rich in calcium,
hosphorus and silica and attached to the enamel surface
fter bioglass paste application providing a large reservoir
f Ca and P ions ready to form hydroxyapatite in acidic
onditions [15]. However, this positive effect of bioglass appli-
ation may be counteracted when the physical forces from
oothbrushing are added and this is the reason of using an
rosion/abrasion challenge in the current study. Generally,
ioactive glass 45S5 has been introduced in preventive den-
istry due to its unique properties such as antimicrobial and
emineralizing activities [32], as well as selective removal of
ofter dISEased/damaged tooth tissues [33]. These activities
ay contribute to the better behavior of the specimens treated
ith ProSylc compared to those of negative control group in

he present investigation.
Milly et al. [18] reported that enamel air-abrasion using

olyacrylic acid-BAG abrasive powder (2-8-17 �m),  which
ontains 60 wt%  BAG 45S5 powder and 40 wt% polyacrylic
cid powder, removed approximately 5 �m enamel tissue.
lthough this surface loss was not clinically significant

34], air-abrasion pre-treatment increased the average sur-
ace roughness. Nevertheless, in the present study the same
reventive technique removed approximately 2.5 �m enamel
issue and did not change enamel surface roughness signifi-
antly, which may be attributed to different composition of the
ioglass powder used (i.e., wt%  bioglass, size and distribution
f particles), different enamel substrate or other differences

n the experimental parameters. It is interesting to mention
hat in the current study, the removal of 2.5 �m enamel tis-
ue from the surface was included in the total surface loss of
ir-abrasion pre-treatment (Groups 3 and 4) and as a result,
he surface loss attributed only to erosion/abrasion challenge

ight be less.
Notwithstanding enamel specimens pre-treated with bio-

lass presented less surface loss in comparison with those of
egative control group, they also exhibited higher surface loss
han those treated with SnF2 gel (positive control). Applica-
ion of SnF2 gel daily by the patient is currently considered as
he most effective preventive method for erosive tooth wear
9] and for this reason was selected as positive control of the
resent study. Stannous fluoride has been reported to impart
ignificant resistance to enamel mineral against acidic attack
35]. This anti-erosive activity is believed to be driven by the
trong affinity of Sn ions for the mineral surface on enamel
36]. Faller et al. [37] found that after an aggressive erosive chal-
enge, SnF2 deposits a barrier layer onto the pellicle-coated
namel surface, which attaches onto acid challenged tooth
urfaces. Furthermore, it has been demonstrated that the
ond between F and Ca resulting from treatment with other

 salts was weaker than that of the SnF2-treated enamel and
hat the bond between the stabilized SnF2 and the enamel sur-
ace is more  than simple attachment between F and exposed
a sites on the tooth surface [37]. In the present investigation,
nF2-treated specimens exhibited the lowest enamel surface

oss which may be attributed to the above findings. Sakae et al.
27] reported that viscosity and frequency of application of flu-

ride/tin solutions affect the progression of enamel erosion. In
he present study, a highly-viscous gel that contains 0.4% SnF2

as selected as a positive control and was applied once a day
ccording to manufacturer’s instructions.
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Air-abrasion with bioglass particles is an in-office treat-
ment which has been recommended for protecting and
remineralizing enamel surface from acidic attacks [11,15,18].
As an in-office treatment provides advantages because it is
applied exclusively by the dentist and lasts much shorter time
compared to SnF2 treatment; its effectiveness strictly depends
on patient’s discipline during treatment. Therefore, a possible
therapeutic scheme should be a combination of the two treat-
ments. Nevertheless, in the present study this combination
did not yield better results compared to SnF2 treatment alone
regarding enamel surface loss, which means that for patients
that show consistency to SnF2 treatment they may not need
an additional in-office preventive treatment.

The experimental groups of the study presented a slight
reduction in enamel surface roughness after erosion/abrasion
challenge, except for Group 4 which did not show any
change. Previous studies have described various morphologi-
cal changes of enamel surface following acidic attack resulting
from the collapse of demineralized apatite crystals which lead
to changes in surface roughness [38]. These changes depend
mainly on the type of erosive challenge used and probably they
do not influence the progress of erosive tooth wear because
there is no such evidence in literature.

In the current investigation after erosion/abrasion chal-
lenge all the experimental groups of the study exhibited lower
microhardness than that observed initially. Reduction in sur-
face microhardness may be due to loss of minerals of the
enamel surface, which is attributed to the erosive action of the
soft drink. This evidence coincides with the results of previ-
ous reports [12,34]. The tested preventive treatments reduced
surface microhardness drop compared to the negative control
group. Most effective was the combination of the two tested
preventive treatments, followed by air-abrasion pre-treatment
with BAG and then by SnF2 treatment. These discrepancies
may be attributed to the remineralizing effect and protecting
layer that may form BAG particles which were deposited on
enamel surface [39]. Bakry et al. [15] found that the tested 45S5
bioglass paste can efficiently improve microhardness of the
eroded enamel surface and agree with the outcomes of previ-
ous studies [39–41]. In contrast, Wang et al. [42] reported that
the use of a slurry containing 7.5% W/W  Novamin

®
was not

advantageous for enamel surface nanohardness after erosive
challenge.

SEM observations revealed alterations on enamel surface
after air-abrasion pre-treatment compared to the negative
control. In particular, a layer of BAG particles was observed
and identified by EDS method (increased Si content) in Groups
3 and 4, implying that an amount of BAG particles remains
on enamel surface. Previous studies also reported morpholog-
ical changes on enamel surface after BAG paste application
[15,42]. More  specifically, Bakry et al. [15] who  focused on the
effect of a BAG paste on eroded enamel surface, observed a
newly formed crystalline layer which was rich in calcium and
phosphate with the presence of trace amounts of silica cover-
ing the whole surface of enamel. Taha et al. [39] reported that
following BAG air-abrasion, mineral deposits were detected on

the remineralized enamel surfaces, forming a protective layer
which was rich in calcium, phosphate, and fluoride, while
using 19F MAS-NMR confirmed the formation of fluorapatite,
which is more  chemically stable than hydroxyapatite and has

https://doi.org/10.1016/j.dental.2019.05.009
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greater resistance to acidic attacks. Additionally, in Groups 2
and 4 specimens, which were treated with SnF2 gel, increased
content of Sn was detected, which means that an amount of
Sn ions was also retained on enamel surface after the treat-
ment. This finding agrees with the results of previous studies
[7,36].

Following the erosion/abrasion challenge, the content of Ca
and P was reduced in negative control group. This evidence
may be explained by the demineralization of enamel surface
due to the erosive activity of the components of the soft drink.
In the other groups this reduction was not observed may be
due to the protective and remineralizing effects of BAG 45S5
and SnF2. This was also supported by the results of surface
microhardness measurements of the study, which revealed
higher surface microhardness drop in negative control group
than the other groups after the erosion/abrasion challenge.
The mentioned changes in morphology and composition of
enamel surface confirm the findings of the study which indi-
cate different behavior of the experimental groups during the
erosion/abrasion challenge.

5.  Conclusion

Within the limitations of this in vitro study it could be con-
cluded that air-abrasion pre-treatment with BAG 45S5 may be
beneficial as an in-office preventive technique for the limita-
tion of erosive tooth wear induced by excessive consumption
of soft drinks. However, currently none of the available pre-
ventive treatments provided complete protection against the
development of erosive tooth wear, which means that they
should be suggested as a part of an individually tailored
preventive program including measures such as diet mod-
ification, instructions of oral hygiene, and regular dental
supervision. The main efforts for the prevention of erosive
tooth wear should be focused on the identification and elim-
ination of the causal factors. Nevertheless, this is not always
possible and thus, recommendation of preventive treatments
such as those tested in the current study should be valuable.
Further studies, mainly in clinical conditions, are necessary
to clarify whether this protective effect of the tested preven-
tive treatment is clinically significant and if it is possible to
improve its effectiveness.
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