This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.

ORAL HEALTH

Prevention of Dental Erosion Caused by Fermented Milk:
An In-vitro Study
Kyung-hee Kima / Choong-Ho Choib / Ki-Ho Chungc

Purpose: This study aimed to assess the efficacy of three techniques for preventing dental erosion and thereby
identify effective methods. The three techniques were: 1) adding calcium to fermented milk (2% Ca and 0.5% Ca);
2) topical application of fluoride to the teeth before exposure to fermented milk (acidulated phosphate fluoride
[APF] gel and 0.05% NaF); and 3) a combination of the two techniques (APF gel + 0.5% Ca, 0.05% NaF + 0.5% Ca).
Materials and Methods: pH cycling was performed on bovine-tooth specimens alternately immersed in experimental solutions and artificial saliva. After treatment, the microhardness and roughness of the enamel surfaces were
measured, and changes in the surface morphology were observed using atomic force microscope images.
Results: Microhardness did not differ statistically significantly between the 2% Ca and mineral water (negative control) groups (2% Ca: 295.34 ± 11.50; mineral water group: 294.76 ± 10.67; p > 0.05). Surface roughness did not
differ statistically significantly between the 2% Ca, 0.05% NaF + 0.5% Ca, and mineral water groups (2% Ca:
16.81 ± 7.23; 0.05% NaF + 0.5% Ca: 15.77 ± 2.86; mineral water group: 13.35 ± 5.53; p > 0.05). The surface
morphology did not change in the mineral water and 2% Ca groups.
Conclusion: Considering that 2% calcium is a high concentration, adding a low concentration of calcium to fermented milk and applying a low concentration of fluoride daily decreased the reduction of surface microhardness
and reduced the increase in surface roughness without causing marked changes in surface morphology. This confirms that combining the two techniques is an effective strategy to prevent dental erosion in-vitro.
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D

ental erosion is defined as damage to dental hard tissues from the chemical reaction of acids, irrespective
of bacterial activity.50 Lifestyle changes in recent years,
such as increased consumption of acidic drinks, have resulted in an increased prevalence of dental erosion, particularly among children and adolescents, of 30%–59%.42,48 In
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children, the enamel of newly erupted permanent teeth is
immature and more vulnerable to damage in an acidic environment;38 thus, children should consume acidic drinks
with caution. Studies have investigated many techniques to
prevent dental erosion caused by the ingestion of acidic
drinks. The two most well-known techniques are the addition of calcium to acidic drinks and application of fluoride to
the teeth before exposure.
The first method of adding calcium to acidic beverages
reduces enamel demineralisation compared with the consumption of acidic beverages without calcium,18 with no
significant changes in surface microhardness and surface
morphology. This demonstrates a protective effect against
dental erosion.24 Additionally, Barbour and Lussi4 reported
that acidic products with high calcium and phosphorus contents did not soften dental hard tissues and that addition of
calcium was more effective than that of phosphate. Calcium
can be safely added to food to prevent dental erosion.53
Although the pH and saturation level increase when calcium
is added to the erosive solution,45 it is important to deterr
mine a concentration that is harmless to the human body
and prevents dental erosion. Especially a high calcium con-
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Table 1

Experimental groups

Group

n

Treatment

Mineral water (negative control)

12

Mineral water

Fermented milk

12

Fermented milk

2% Ca

12

High-concentration calcium added to fermented milk

0.5% Ca

12

Low-concentration calcium added to fermented milk

APF gel

12

High-concentration fluoride applied once on teeth

APF gel + 0.5% Ca

12

High-concentration fluoride applied once on teeth and low-concentration calcium added to
fermented milk

0.05% NaF

12

Low-concentration fluoride applied every day on teeth

0.05% NaF + 0.5% Ca

12

Low-concentration fluoride applied every day on teeth and low-concentration calcium
added to fermented milk

APF: acidulated phosphate fluoride.

centration may increase the risk of developing kidney
stones and affect the absorption of other minerals (i.e.
zinc, magnesium, and phosphorus).49
Many studies have shown that the second method of applying fluoride to teeth before exposure to acidic beverages
can prevent dental erosion.1,7,19,40 Fluoride is an agent
successfully used in the prevention and treatment of tooth
demineralisation during dental erosion.55 Fluoride is considered an ideal substance for the prevention of dental erosion
because it can be easily used in high concentrations in clinical settings and is released slowly.28 Further research is
required on the various fluoride formulations that aim to
prevent dental erosion.
Mature dental enamel cannot spontaneously recover
after being exposed to a pathological factor.37 Therefore, it
is necessary to identify ways to prevent dental erosion.
Studies have compared the preventive effect of calcium and
fluoride by using both as additives33 or as formulations applied directly to tooth surfaces.34 However, no study has
compared the different methods of adding calcium to acidic
beverages and applying fluoride to tooth surfaces. Moreover, many studies have evaluated methods of applying
fluoride along with other substances known to prevent dental erosion;1,22,31 however, literature on the use of calcium
in combination with fluoride is lacking. Therefore, it is necessary to verify whether its ability to prevent dental erosion
is improved when calcium is added to acidic beverages, in
addition to fluoride application.
Although fermented milk, an acidic beverage, causes dental erosion,25,29 Lactobacillus in fermented milk inhibits the
proliferation of harmful bacteria in the intestines, enhances
immunity, decreases morbidity associated with liver cirrhosis,
has anti-cancer effects, reduces serum cholesterol, and has
dermatological and nutritional benefits.23 With increased
awareness regarding these benefits, many people consume
fermented milk; therefore, it is crucial to minimise dental
erosion by identifying preventive measures as opposed to
prohibiting its consumption to prevent dental erosion.
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Saliva is the primary agent in the oral cavity that prevents dental erosion. As saliva serves as a purifier and buff
fer while regulating the demineralisation and remineralisation of enamel,11 investigations on dental erosion must
reproduce the oral environment to consider the possible
effects of saliva.
This study aimed to compare the potential to prevent
erosion of three techniques, namely: adding calcium to ferr
mented milk, applying fluoride to teeth before exposure to
fermented milk, and the combination of both, through pH
cycling with tooth specimens alternately immersed in fermented milk and artificial saliva, to identify effective methods to prevent dental erosion.
The null hypothesis of this study was that adding calcium
to the fermented milk, applying fluoride before exposing the
teeth to the fermented milk, and applying fluoride to the
teeth at the same time as adding calcium to the fermented
milk cannot prevent dental erosion.

MATERIALS AND METHODS
Materials
Experimental solutions
Mineral water (Jeju SamDaSoo, Jeju Special Self-Governing
Province Development Corp; Jeju, Republic of Korea) was
used as the negative control. With reference to a previous
study on the erosion potential of fermented milk currently
marketed in the Republic of Korea,25 the fermented milk
product (Enyo Applecarrot, Maeil Dairies; Seoul, Republic of
Korea) with the highest erosion risk was selected as the
experimental solution. The fermented milk used in this experiment contained grape juice, apple juice, carrot juice,
and 0.5 mg/ml of calcium, with a pH of 3.5. In addition, titratable acidity was measured by the volume needed to
reach pH 5.5 and 7.0 by adding 0.05 ml of 1 M NaOH at a
time and uniformly stirring. As a result, the titratable acidity
Oral Health & Preventive Dentistry
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Table 2 Differences in enamel surface microhardness after treatment for 5 days
Time
n

Before (day 0)

After (day 5)

Difference**

Mineral water (negative control)

12

293.8 ± 9.7

294.8 ± 10.7

- 0.2 ± 7.6a

Fermented milk*

12

293.8 ± 9.7

152.2 ± 22.0

- 141.6 ± 18.6f

2% Ca

12

293.9 ± 9.8

295.3 ± 11.5

1.4 ± 7.4a

0.5% Ca*

12

294.0 ± 10.3

259.4 ± 10.9

- 34.5 ± 13.5c

APF gel*

12

294.1 ± 11.3

190.1 ± 25.0

- 104.0 ± 21.2e

APF gel + 0.5% Ca*

12

294.3 ± 10.5

258.0 ± 12.8

- 36.3 ± 11.2c

0.05% NaF*

12

294.6 ± 12.4

230.2 ± 18.4

- 64.4 ± 17.2d

0.05% NaF + 0.5% Ca*

12

294.8 ± 12.7

276.0 ± 10.7

- 18.7 ± 9.9b

Group

Values are given as mean ± SD; unit of surface microhardness: VHN. *p < 0.05, paired t-test. **p < 0.05, one-way ANOVA. Same superscript letters indicate
no statistically significant difference by Tukey’s test at Ơ = 0.05. APF: acidulated phosphate fluoride.

Table 3 Differences in enamel surface roughness (μm) after treatment for 5 days
Ra
Group

n

Control

Treatment

Difference**

Mineral water (negative control)

12

15.0 ± 4.1

13.4 ± 5.5

- 1.6 ± 5.4a

Fermented milk*

12

16.5 ± 3.5

153.1 ± 39.3

136.6 ± 40.4c

2% Ca

12

18.3 ± 7.7

16.8 ± 7.2

- 1.5 ± 6.0a

0.5% Ca*

12

13.8 ± 4.0

61.8 ± 15.3

48.0 ± 16.8b

APF gel*

12

14.2 ± 3.2

141.9 ± 44.1

127.7 ± 45.7c

APF gel + 0.5% Ca*

12

15.3 ± 3.3

57.1 ± 15.7

41.7 ± 15.5b

0.05% NaF*

12

14.6 ± 4.0

70.8 ± 24.6

56.2 ± 22.7b

0.05% NaF + 0.5% Ca *

12

14.0 ± 2.1

15.8 ± 2.9

1.8 ± 3.1a

Values are given as mean ± SD; surface roughness given as Ra (μm). *p < 0.05, paired t-test. **p < 0.05, one-way ANOVA. Same superscript letters indicate
no significant difference in Tukey’s test at Ơ = 0.05. APF: acidulated phosphate fluoride.

was found to be 1.0 and 1.2 ml for pH 5.5 and 7.0, respectively. Moreover, addition of calcium to the fermented
milk (2% and 0.5% Ca), topical application of fluoride to the
teeth before exposure to the fermented milk (acidulated
phosphate fluoride [APF] gel and 0.05% NaF), and a combination of the two techniques (APF gel + 0.5% Ca, 0.05%
NaF + 0.5% Ca) were used in this study. The experimental
groups are presented in Table 1.
Bovine teeth
For this in vitro study, bovine teeth obtained from a slaughterhouse were adequately washed in running distilled water
to remove residues and stored in 70% ethanol until the
specimens were produced.
The number of specimens was determined by using
G*power 3.1.3 software (Universität Düsseldorf, Düsseldorf,
Germany) on previous findings about the prevention of dental
erosion caused by fermented milk.26 The results showed that
doi: 10.3290/j.ohpd.b3556031

12 specimens for each group had a power of 100%. We prepared 96 specimens without any cracks and having a Vickers
hardness number (VHN) of 280–320. These were assigned
to eight groups to avoid having statistically significant differr
ences in surface microhardness between the groups.
Calcium
Calcium lactate pentahydrate (Junsei Chemical; Tokyo,
Japan; molecular formula C6H10CaO65H2O, molecular weight
308.30) was chosen as the erosion preventive agent.
Fluoride
A 1.23% acidulated phosphate fluoride (APF) gel (TOPEX
Topical A.P.F.* Gel, SultanHealthcare; York, PA, USA) was
chosen as the high concentration fluoride for topical application, and 0.05% NaF (Sodium Fluoride, DC Chemical;
Seoul, Republic of Korea) solution was chosen as the low
concentration fluoride for topical application.
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Methods
Specimen preparation
Bovine teeth were placed perpendicular to a 5-mm cylindrical drill and drilled to prepare enamel specimens. A hole
was drilled into one side of an acrylic rod to create space
for the specimens, which were then placed inside and embedded in acrylic resin. To ensure the presence of smooth
surfaces, the specimens were ground with P60, P240, P1,
and 200 SiC abrasive paper (CarbiMet, Buehler; Lake Bluff,
IL, USA). Then they were polished with a polishing cloth (MicroCloth, Buehler) and aluminum oxide powder (MicroPolish
powder, Buehler) using a METASERV 2000 Grinder Polisher
(Buehler). After polishing, the specimens were ultrasonicated and washed with distilled water.
The left 1/3 of each prepared specimen was covered
with nail varnish (Trendy nails basic original, The Face Shop;
Seoul, Republic of Korea) to obtain a surface unexposed to
the experimental drink.
Initial surface microhardness of specimens
After polishing, the enamel-surface microhardness of the
specimens was measured in VHN (Vickers hardness number) using a surface-hardness tester (Fm-7, Future-tech;
Tokyo, Japan). The measurements were performed using a
Vickers diamond indenter to make 1-mm indentations in the
top, bottom, and right-hand edges of the right 2/3 (without
nail varnish) of the specimens at 200-gf pressure for 10 s.
The indentations were magnified 400X to measure the
length and width, and the values were averaged. The averr
age value for the three areas was used as the surface microhardness value.
Treatment to prevent erosion
Addition of calcium to fermented milk

To prepare the experimental solutions for the 2% and 0.5%
calcium groups, 2 g calcium lactate was added to 98 g of
fermented milk for the former, and 0.5 g calcium lactate
was added to 99.5 g of fermented milk for the latter. The
drinks were stirred to completely dissolve the calcium.
Fluoride application on specimen surface

The tooth specimens were rinsed in running distilled water
and dried with a paper towel. APF gel was applied only once
before immersing the specimens in the experimental drink.
On each specimen, 1 ml of APF gel was applied using a cotton swab and wiped with gauze after 4 min. The NaF 0.05%
solution was applied using a cotton swab for 1 min every
night before immersion in the experimental drink, and the
specimens were stored under moist conditions until immerr
sion in the experimental drink.
Specimen immersion in the experimental solutions

According to the method proposed by Medeiros et al,34 immersion in the experimental solutions was set to 5 min,
four times a day for 5 days, and the specimens were stored
in artificial saliva the rest of the time. Artificial saliva was
prepared by adding gastric mucin (0.22%), KCl (0.1114%),
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KH 2PO 4 (0.0738%), NaCl (0.038%), and CaCl 2·2H 2O
(0.0213%) to distilled water, stirring to completely dissolve
them, and adjusting the pH to 7.0 using NaOH. During immersion of the specimens in the experimental drink, the
solution was stirred at a speed of 200 rpm such that calcium was not precipitated. While immersed in artificial saliva, the specimens were placed in an incubator at 36.5°C
to produce an environment similar to the oral cavity. The
experimental drinks and artificial saliva were replaced with
fresh solution each time.
Assessment of preventive effect on erosion
Enamel surface microhardness

Enamel surface microhardness was re-measured after
5 days of pH cycling at the initial measurement site. The
difference in VHN (ΔVHN) was calculated to indirectly
measure the amount of demineralisation caused by dental erosion.
Enamel surface roughness

After re-measuring the enamel surface microhardness after
5 days of cycling, the nail varnish on the specimens was
carefully removed with acetone (Trendy nails nail-polish remover strawberry, The Face Shop), and the specimens were
rinsed with running distilled water to completely remove acetone. In addition, surface roughness (arithmetic average
roughness, Ra) was measured in the area to which nail varr
nish had been applied (control, left 1/3), as well as the
area immersed in the experimental drink (treatment, right
2/3) at three points using a contactless optical profiler
(Nanosurface 3D optical profiler; 3D OP, NV-E1000, Nanosystem Solutions; Okinawa, Japan), after which the averages were calculated. Further, the difference in the Ra values between the two areas was calculated to assess the
change in surface roughness caused by dental erosion.
Enamel surface morphology

After measuring surface roughness, representative specimens were chosen from each group, and they were sectioned into 0.5-cm or thinner slices using a specimen cutter
(IsoMet low-speed saw, Buehler) and dried at 60°C for
2 days. The surface morphologies of the control (left 1/3)
and treatment (right 2/3) areas were observed using an
atomic force microscope (AFM, Nanoscope Multimode, Digital Instruments; Woburn, MA, USA) in non-contact mode
using a silicon cantilever with a modulus of elasticity of
0.02 to 0.1 Pa, and a length of 450 μm.

Data Analysis
Twelve specimens were used in each group. As the sample
size in each group was less than 30, we performed tests
for normality and equal variance. The data were normally
distributed and had equal variances; therefore, parametric
methods were used for the statistical analyses.
After immersing the specimens in the experimental solutions for 5 days, the ΔVHN was compared within groups
using paired t-tests and between groups using one-way
Oral Health & Preventive Dentistry
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ANOVA. The difference in the surface roughness values between the control (left 1/3) and treatment areas (right 2/3)
was analysed within groups using paired t-tests and between groups using one-way ANOVA. Tukey’s test was used
for post-hoc analysis of all intergroup comparisons. All statistical analyses were performed using SPSS software (verr
sion 21.0, IBM; Armonk, NY, USA). The significance level
was set to p < 0.05.
The datasets used and/or analysed during the current
study are available from the corresponding author upon reasonable request.

RESULTS
Changes in Enamel Surface Microhardness
After 5 days of cycling the specimens in the experimental
solutions, surface microhardness was statistically significantly reduced in all groups other than the mineral water
and 2% Ca groups (p > 0.05, Table 2).
ΔVHN statistically significantly differed among the groups,
with a range of -141.64 to 1.41 VHN (p < 0.05, Table 2).
ΔVHN did not statistically significantly differ between the
2% Ca and mineral water groups (p > 0.05). However, ΔVHN
in the 0.5% Ca, APF gel, APF gel+ 0.5% Ca, 0.05% NaF, and
0.05% NaF + 0.5% Ca groups were statistically significantly
different from those in the mineral water group and fermented milk group (p < 0.05).

Changes in Enamel Surface Roughness
After 5 days of cycling the specimens in the experimental
solutions, surface roughness was statistically significantly
reduced in all groups other than the mineral water and 2%
Ca groups (p > 0.05, Table 3).
Furthermore, the change in surface roughness statistically
significantly differed among the groups, with a range of -1.63
to 136.56 Ra (p < 0.05, Table 3). The change in surface
roughness in the 2% Ca and 0.05% NaF + 0.5% Ca groups
was not statistically significantly different from that in the
mineral water group (p > 0.05). The change in surface roughness in the 0.05% Ca, APF gel + 0.5% Ca, and 0.05% NaF
groups statistically significantly differed from those in the
mineral water and fermented milk groups (p < 0.05), while it
did not differ statistically significantly in the APF gel group
compared with that in the fermented milk group (p > 0.05).

Changes in Enamel Surface Morphology
After 5 days of cycling the specimens in the experimental
solutions, there was no marked change in the surface morr
phology in the mineral water group (Fig 1), while the fermented milk group showed the greatest damage to surfaces due to dental erosion, with dark round holes that
resembled craters (Fig 2). The 2% Ca group also failed to
show a statistically significant change in the surface morr
phology, as in the mineral water group (Fig 3). However, the
0.5% Ca group showed uneven surfaces with dark spots
throughout the specimens, indicating damage (Fig 4). The
APF group showed irregular and unique patterns, as well as
doi: 10.3290/j.ohpd.b3556031

more surface damage than that observed in the APF
gel + 0.5% Ca group (Fig 5). The APF gel + 0.5% Ca group
was more damaged than the 0.5% Ca group, although 0.5%
Ca was added to the fermented milk and APF gel was applied to the specimen (Fig 6). Nevertheless, our findings
confirmed that the surface morphology was altered less
when 0.5% Ca was added to the fermented milk than when
only APF gel was used for treatment. In addition, although
the surface alteration depth in the 0.05% NaF group was
not as high as that in the APF gel group, surface damage
could be observed with an irregular arrangement (Fig 7).
Finally, while there was no marked change in the surface
morphology on the two-dimensional (2D) images for the
0.05% NaF + 0.5% Ca group, mild surface damage was observed on the three-dimensional (3D) images, although the
surface was relatively even (Fig 8).

DISCUSSION
In this study, the addition of calcium to fermented milk and
application of fluoride to the teeth before exposure to fermented milk were chosen as methods to prevent dental
erosion caused by consuming fermented milk. Franklin et
al16 found that fruit juice with added calcium had improved
pH and buffering capacity, and enamel mineral loss was reduced in human teeth treated with it compared with fruit
juice without calcium. In an in-situ study using bovine teeth,
Scaramucci et al44 observed that adding a small amount of
calcium to orange juice reduced its erosive potential. Calcium not only helps reduce dental erosion but can also
strengthen human bone tissues. Therefore, calcium-enhanced drinks are becoming more popular in the market.47
However, due to safety considerations, the amount of calcium added to food products is limited; moreover, calcium
alters the flavour of drinks.5 Furthermore, it increases the
risk of kidney stones and hinders the absorption of other
minerals, such as zinc, magnesium, and phosphorus.49 It is
necessary to explore methods of providing an effective yet
safe dose of calcium to prevent dental erosion. In this
study, with reference to Kim et al,26 0.5% was chosen as
the low concentration of calcium, at which surface microhardness began to statistically significantly differ, and 2%
was chosen as the high concentration of calcium, at which
no statistically significant differences were observed compared with that of mineral water.
In addition to adding calcium to acidic drinks, the application of fluoride to teeth has been documented in many
studies as preventing dental erosion.1,7,19,40 Fluoride combines with hydroxyapatite in the enamel to form fluorapatite,
which makes the crystals more compact,2 thereby increasing the resistance to demineralisation caused by acidic
drinks. Furthermore, calcium fluoride (CaF2) formed on
tooth surfaces upon application of high-concentration fluorr
ide serves as a mechanical barrier that prevents contact
with acid and also serves as a mineral reserve.13 De Carvalho Filho et al12 applied fluoride varnish and gel to bovine
teeth before treating them with acidic drinks and observed
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them using an energy-dispersive x-ray fluorescence device.
They found that although both fluoride varnish and gel protected the teeth, fluoride gel provided the best protection
against exogenous dental erosion at a lower cost. Hence, in
this study, we selected APF gel as a high-concentration topical fluoride. In addition, although patients are recom-
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Fig 1 AFM image of the mineral water
group. There was no marked change in
surface morphology. a1: 2D image of the
enamel surface before treatment; a2: 2D
image of the enamel surface after treatment; b1: 3D image of the enamel surface
before treatment; b2: 3D image of the
enamel surface after treatment. AFM:
atomic force microscope; 2D: two-dimensional; 3D: three-dimensional.

Fig 2 AFM image of the fermented milk
group shows dark, round holes that resemble craters. a1: 2D image of the enamel
surface before treatment; a2: 2D image of
the enamel surface after treatment; b1:
3D image of the enamel surface before
treatment; b2: 3D image of enamel surface
after treatment. AFM: atomic force microscope; 2D: two-dimensional; 3D: threedimensional.

mended to apply fluoride gel every 6 months in clinical practice, we only applied fluoride once before the treatment.
Furthermore, to evaluate the effect of daily mouthrinsing
with fluoride, we chose 0.05% NaF as a low-concentration
fluoride and applied it to the specimen for 1 min every evening before treatment with the experimental drink.
Oral Health & Preventive Dentistry
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Fig 3 AFM image of the 2% Ca group.
No marked change in surface morphology
was observed. a1: 2D image of the enamel
surface before treatment; a2: 2D image of
the enamel surface after treatment; b1:
3D image of the enamel surface before
treatment; b2: 3D image of enamel surface
after treatment. AFM: atomic force microscope; 2D: two-dimensional; 3D: threedimensional.

Fig 4 AFM image of the 0.5% Ca group.
Mild surface damage morphology was
observed. a1: 2D image of the enamel
surface before treatment; a2: 2D image
of the enamel surface after treatment; b1:
3D image of the enamel surface before
treatment; b2: 3D image of enamel surface
after treatment. AFM: atomic force microscope; 2D: two-dimensional; 3D: threedimensional.
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b2
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a2

b1

b2

First, the changes in enamel surface microhardness
were assessed using a surface hardness tester. This is a
general method for quantifying the impact of dental erosion;
changes in the surface layer are measured based on the
indentation left by a diamond-shaped indenter.3 Because
this method has been reported to be appropriate for obdoi: 10.3290/j.ohpd.b3556031

serving minor changes in surface microhardness from erosion,32 it was chosen to indirectly measure and assess the
degree of demineralisation caused by dental erosion. After
immersing the specimens in fermented milk and artificial
saliva for 5 days, only the 2% Ca group showed no statistically significant changes in microhardness compared with
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baseline, indicating that this method has the highest potential for erosion prevention. The five other experimental
groups did not completely prevent dental erosion; however,
they showed differences in the reduction of microhardness
compared with the fermented milk group, although the degree varied. The APF gel group showed the highest change
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Fig 5 AFM image of the APF gel group.
Irregular and unique arrangements of
particles at different heights were observed.
a1: 2D image of the enamel surface before
treatment; a2: 2D image of the enamel
surface after treatment; b1: 3D image of
the enamel surface before treatment;
b2: 3D image of enamel surface after treatment. AFM: atomic force microscope;
2D: two-dimensional; 3D: three-dimensional.

Fig 6 AFM image of the APF gel + 0.5%
Ca group. A greater extent of damage was
observed compared with that in the 0.5%
Ca group. a1: 2D image of the enamel
surface before treatment; a2: 2D image of
the enamel surface after treatment; b1:
3D image of the enamel surface before
treatment; b2: 3D image of enamel surface
after treatment. AFM: atomic force
microscope; 2D: two-dimensional; 3D:
three-dimensional.

in surface microhardness, indicating that it had the lowest
erosion prevention compared with the other conditions
tested. These results suggested that daily application of a
low-concentration fluoride would lead to better prevention of
erosion than a single application of a high-concentration
fluoride when fermented milk is consumed over a long peOral Health & Preventive Dentistry

Kim et al
Fig 7 AFM image of the 0.05% NaF group.
A surface damage with an irregular arrangement was observed. a1: 2D image of the
enamel surface before treatment; a2:
2D image of the enamel surface after treatment; b1: 3D image of the enamel surface
before treatment; b2: 3D image of enamel
surface after treatment. AFM: atomic force
microscope; 2D: two-dimensional;
3D: three-dimensional.

Fig 8 AFM image of the 0.05% NaF+
0.5% Ca group. There was no marked
change in the surface morphology on
2D images, but mild surface damage was
observed on 3D images. AFM: atomic force
microscope; 2D: two-dimensional;
3D: three-dimensional.

a1

a2

b1

b2

a1

a2

b1
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riod. Although the 2% Ca group showed the highest erosion
prevention, 2 g of calcium was added to the solution; thus,
the upper limit of calcium intake should be considered
when applying this method in-vivo. According to The Korean
Nutrition Society,35 the recommended daily upper limit for
calcium is 2.5 g for infants and children aged 1–8 years
doi: 10.3290/j.ohpd.b3556031

and 3.0 g for children and adolescents aged 9–18 years;
hence, 2% calcium is close to the upper limit for the
younger age groups. Adding a low concentration of calcium
to fermented milk and applying a low-concentration fluoride
on teeth every day could be a good alternative with excellent erosion prevention.
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The second method used to assess erosion prevention
was to measure enamel surface roughness. The differences
in the surface height of uneven enamel were presented as
Ra using a contactless 3D optical profiler. As this method is
contactless, it overcomes the shortcomings of devices that
require direct contact. Interestingly, a previous study reported consistently satisfactory results over the past few
years.17 In our study, only the mineral water and 2% Ca
groups showed no changes in surface roughness. Furthermore, the 0.05% NaF% + 0.5% Ca group showed a statistically significant increase in surface roughness; however,
when compared with other groups, it was not significantly
different compared with that of the mineral water and 2%
Ca groups. In addition, the APF gel group showed the highest surface roughness among the treatment groups, with no
significant difference from the fermented milk group. Increased enamel surface roughness not only heightens the
vulnerability to microbial attachment and biofilm deposition,
but it may also cause irreversible pooling of microbial
cells.41 Therefore, greater surface roughness caused by
dental erosion is highly relevant to oral health.
The third method of assessment of erosion prevention
was to observe changes in the enamel surface morphology
using AFM. In this study, we used non-contact mode, leaving
space between the tip and the specimens in order to minimise damage. In dentistry, AFM is used to observe the surr
faces of teeth, restoration materials,36 implants,39 and
orthodontic devices,10 as well as research on dental erosion prevention, such as in our study.43 When observed
using an AFM, only the 2% Ca group among the six treatment groups showed no changes in surface morphology.
Although the 0.05% NaF + 0.5% Ca group showed no
changes in surface morphology in the 2D images, mild surr
face damage was evident in the 3D images. The APF gel
group showed the greatest surface damage, which was consistent with the surface microhardness and roughness results. The remaining treatment groups also showed varying
levels of surface damage.
Surface roughness and surface morphology were assessed by comparing the area of a specimen that was covered with nail varnish to prevent exposure to the experimental solution vs the area of the same specimen that had
been exposed to the experimental solution. We examined
whether the nail varnish and acetone used in this experiment affected the specimens. Hence, as a preliminary
analysis, the specimen surface was observed using a microscope before applying nail varnish, and hardness was measured using a surface hardness tester. The surface morr
phology and hardness were re-examined after applying nail
varnish and removing it with acetone. No marked changes
were observed before and after applying nail varnish; therefore, we decided to use nail varnish for the experiment.
In this study, we assessed changes in surface microhardness, surface roughness, and surface morphology to identify methods effective in preventing dental erosion caused
by fermented milk. When treated with fermented milk for
5 days, the APF gel + 0.5% Ca and NaF 0.05% + 0.5% Ca
groups showed better inhibition of demineralisation than
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the APF gel and 0.05% NaF groups, respectively, suggesting
that adding calcium increases the erosion-preventive potential. Kim et al26 observed that the pH of fermented milk increases with increasing calcium content, known to be attributable to the chelation of calcium by acidic ions in
fermented milk, thus reducing the content of active acid.16
Furthermore, as it has been reported previously that the
possibility of erosion within the first few minutes after exposure to a drink is completely dependent on the pH of the
drink,20 we speculate that the erosion-preventive potential
increased in the groups with added calcium due to elevated
pH. Lodi et al30 reported that some characteristics, such as
low pH and high buffering capacity of fermented beverages,
may promote demineralisation of the dental enamel. However, fluoride, calcium, and phosphorus may reduce the dissolution of dental enamel by acidic substances. Interest in
certain foods that promote health or are known as functional dairy products is increasing.15 Fermented milk is a
dairy product that falls under this category.14 Therefore, in
this study, we aimed to investigate the effect of fermented
milk consumption on the tooth surface when ingested for
5 days, which is a relatively long period of time. It was expected that tooth erosion due to enamel demineralisation
would increase as time passed, even if only superficial mineral loss occurred in the initial stage.
In addition, it was found that a single application of highconcentration fluoride, such as APF gel, had the lowest
erosion-preventive potential. Previous studies by Calvo et
al6 and Villena et al52 observed the inhibitory effect of
enamel demineralisation of APF gel and reported that demineralisation was reduced due to calcium fluoride and
fluoroapatite formation. In the aforementioned studies, direct acid contact was not made because the palatal
appliances containing enamel blocks were immersed in sucrose. In this study, as fermented milk was directly exposed
to the specimen, fluoride gel had a low preventive effect on
dental erosion. Several studies, including the present, have
confirmed that application of fluoride at a low concentration
is more effective in preventing dental erosion than high concentrations of fluoride. Carvalho et al8 reported that applyy
ing a high-concentration fluoride varnish on teeth before
immersing the teeth in a cola beverage did not prevent dental erosion, and hypothesised that the calcium fluoride
formed before deposition of fluorapatite (after fluoride application) was easily dissolved in acidic drinks.27 Furthermore, we observed that the addition of low-concentration
calcium with a single application of high-concentration fluorr
ide had a lower erosion-preventive potential than the addition of low concentrations of calcium to fermented milk with
a daily application of low-concentration fluoride. In a study
comparing the prevention of enamel erosion between commercial fluoride varnish and fluoride varnish containing calcium glycerophosphate, Carvalho et al9 found that fluoride
varnish containing calcium glycerophosphate did not improve fluoride binding on the enamel compared with commercial fluoride varnish. Thus, those authors concluded
that it did not improve the protective effects against enamel
erosion; especially the erosion-preventive effects of fluoride
Oral Health & Preventive Dentistry
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varnish were not statistically significantly better after adding
calcium. In contrast, Turssi et al51 reported that rinsing
teeth with calcium lactate before rinsing with a low-concentration fluoride statistically significantly reduced enamel
surface loss compared with rinsing teeth with fluoride
alone. In this study, we also confirmed that daily application
of low concentrations of fluoride with the addition of low
concentrations of calcium in fermented milk is effective in
preventing dental erosion. Considering that fluoride formulations previously tested for erosion prevention were highly
concentrated, such as fluoride varnish and fluoride gel, it is
necessary to investigate the effects of continuous application of low concentrations of fluoride.
In this study, we assessed calcium and fluoride as erosion-preventive agents using sound enamel specimens, and
the results showed that calcium had better overall potential
than fluoride. However, fluoride has a high acid resistance
and remineralisation effect; therefore, fluoride may show
better results if assessed on enamel specimens with early
caries. After remineralising teeth using a solution containing low-concentration calcium, Silverstone46 reported that
the width of the lesion decreased by 22%; however, after
the addition a low concentration of fluoride (1 ppm) to the
low-concentration calcium solution, the width of the lesion
decreased by 72%. Therefore, additional studies on incipient or progressive carious lesions are needed. Moreover,
this study was conducted in a laboratory using artificial saliva. Although using human saliva is considered the best
method to reproduce the oral environment, inter-individual
variations may exist as saliva from several people must be
used. Furthermore, artificial saliva was selected because a
previous study by Jeong et al21 reported that the remineralisation effect of artificial saliva is similar to that of human
saliva, and it was always used under the same conditions.
Nevertheless, the characteristics of human saliva cannot
be reproduced perfectly, so that differences between in-vitro
and in-vivo conditions may exist due to the presence of varr
ious substances other than saliva in the oral environment.
Therefore, more accurate results may be obtained if the invivo model could be evaluated using an intraoral device in
the future.
If the tooth surface is lost due to demineralisation by
dental erosion, healthy inner enamel or dentin not affected
by acidic drinks may be exposed. This may cause microhardness results that could be underestimated even if the surr
face is actually damaged by dental erosion; therefore, we
also measured the surface roughness and observed surface
morphology. However, these methods only assess tooth surr
faces, and it may be necessary for erosion-related studies
to assess changes according to enamel depth. Thus, future
studies should consider measuring the thickness of enamel
or mineral content according to enamel depth.
Consumption of acidic drinks has increased worldwide
over the last few decades, making dental erosion a subject
of continued interest. Thus, it is important to assess the
risk of, prevent, and manage dental erosion. To prevent dental erosion, Zero and Lussi54 proposed means such as decreasing the duration and frequency of acid contact in the
doi: 10.3290/j.ohpd.b3556031

mouth by not holding or rinsing acidic drinks in the mouth,
and consuming modified acidic drinks that can eliminate or
reduce the possibility of dental erosion. As shown in our
results, applying fluoride to teeth in addition to consuming
modified acidic drinks containing calcium would prevent
dental erosion more effectively.
The findings of this study may help increase the awareness of the risk of dental erosion caused by exposure to
fermented milk, if no preventive treatments are undertaken,
and further may help children and their parents recognise
the need for prevention. We have also proposed effective
preventive methods and appropriate alternatives for people
at high risk of dental erosion.

CONCLUSION
Effective means of preventing dental erosion caused by ferr
mented milk were examined using sound enamel specimens.
Adding 2% calcium to fermented milk before immersion did
not lead to statistically significant changes in surface microhardness, surface roughness, or surface morphology compared with the baseline. However, considering that 2% calcium is a high concentration, adding a low concentration of
calcium to fermented milk and applying a low concentration
of fluoride daily decreased the reduction in surface microhardness and reduced the increase of surface roughness
without causing marked changes in surface morphology.
These findings confirmed that combining both techniques is
an effective erosion-preventive strategy and provided an eff
fective means in-vitro to prevent dental erosion in individuals at high risk of dental erosion. Considering our findings,
the null hypothesis of the study was rejected.

REFERENCES
1.

Alexandria AK, Valença AMG, Cabral LM, Maia LC. Fluoride varnishes
against dental erosion caused by soft drink combined with pediatric liquid
medicine. Braz Dent J 2017;28:482–488.
2. Ammari JB, Baqain ZH, Ashley PF. Effects of programs for prevention of early
childhood caries: A systematic review. Med Princ Pract 2007;16: 437–442.
3. Attin T. Methods for assessment of dental erosion. Monogr Oral Sci
2006;20:152–172.
4. Barbour ME, Lussi A. Erosion in relation to nutrition and the environment.
Monogr Oral Sci 2014;25:143–154.
5. Barbour ME, Shellis RP, Parker DM, Allen GC, Addy M. An investigation of
some food-approved polymers as agents to inhibit hydroxyapatite dissolution. Eur J Oral Sci 2005;113:457–461.
6. Calvo AF, Tabchoury CP, Del Bel Cury AA, Tenuta LM, da Silva WJ, Cury JA. Eff
fect of acidulated phosphate fluoride gel application time on enamel demineralization of deciduous and permanent teeth. Caries Res 2012; 46:31–37.
7. Carey CM, Brown W. Dentin erosion: Method validation and efficacy of
fluoride protection. Dent J (Basel) 2017;5:27.
8. Carvalho FG, Brasil VL, Silva Filho TJ, Carlo HL, Santos RL, Lima BA. Protective effect of calcium nanophosphate and CPP-ACP agents on enamel
erosion. Braz Oral Res 2013;27:463–470.
9. Carvalho TS, Bönecker M, Altenburger MJ, Buzalaf MA, Sampaio FC, Lussi
A. Fluoride varnishes containing calcium glycerophosphate: Fluoride uptake and the effect on in vitro enamel erosion. Clin Oral Investig 2015;
19:1429–1436.
10. Chng CK, Foong K, Gandedkar NH, Chan YH, Chew CL. A new esthetic fiber-reinforced polymer composite resin archwire: A comparative atomic
force microscope (AFM) and field-emission scanning electron microscope
(FESEM) study. Prog Orthod 2014;15:39.

411

Kim et al
11. de Almeida PDV, Grégio AM, Machado MA, de Lima AA, Azevedo LR. Saliva composition and functions: A comprehensive review. J Contemp Dent
Pract 2008;9:72–80.
12. De Carvalho Filho AC, Sanches RP, Martin AA, Do Espírito Santo AM,
Soares LE. Energy dispersive X-ray spectrometry study of the protective
effects of fluoride varnish and gel on enamel erosion. Microsc Res Tech
2011;74:839–844.
13. de Souza BM, Santi LRP, de Souza Silva M, Buzalaf MAR, Magalhães AC.
Effect of an experimental mouth rinse containing NaF and TiF4 on tooth
erosion and abrasion in situ. J Dent 2018;73:45–49.
14. Ebringer L, Ferencik M, Krajcovic J. Beneficial health effects of milk and
fermented dairy products. Folia Microbiol 2008;53:378–394.
15. Flambard B, Johansen E. Developing a functional dairy product: from research on Lactobacillus helveticus to industrial application of Cardi-04TM
in novel antihypertensive drink yogurts. In: Saarela M (ed). Functional
dairy products. Boca Raton, Florida: CRC Press LLC, 2007:506–520.
16. Franklin S, Masih S, Thomas AM. An in-vitro assessment of erosive potential of a calcium-fortified fruit juice. Eur Arch Paediatr Dent 2014;15:
407–411.
17. Ganss C, Lussi A, Scharmann I, Weigelt T, Hardt M, Klimek J, et al. Comparison of calcium analysis, longitudinal microradiography and profilometry for the quantitative assessment of erosion in dentine. Caries Res
2009;43:422–429.
18. Hara AT, Zero DT. Analysis of the erosive potential of calcium-containing
acidic beverages. Eur J Oral Sci 2008;116:60–65.
19. Huysmans MC, Young A, Ganss C. The role of fluoride in erosion therapy.
Monogr Oral Sci 2014;25:230–243.
20. Jensdottir T, Holbrook P, Nauntofte B, Buchwald C, Bardow A. Immediate
erosive potential of cola drinks and oranges juices. J Dent Res
2006;85:226–230.
21. Jeong SS, Chung KH. Comparative remineralization effects of human and
artificial saliva compositions on incipient dental caries. J Korean Acad
Dent Health 2017;41:50–55.
22. Jordão MC, Forti GM, Navarro RS, Freitas PM, Honório HM, Rios D. CO2
laser and/or fluoride enamel treatment against in situ/ex vivo erosive
challenge. J Appl Oral Sci 2016;24:223–228.
23. Kang TJ. Efficacy and use of lactic acid bacteria. Biowave 2009;11:1-20.
24. Kim JE, Yun IG, Jeong SS, Chung KH, Choi CH. Inhibition of dental erosion
through addition of calcium to commercial plum beverages. J Korean
Acad Oral Health 2019;43:124–130.
25. Kim KH. The effects of fermented milks on sound enamel surface [Master’s thesis]. Gwangju: University of Chonnam National, 2014.
26. Kim KH, Kim DE, Kim AO, Shin AR, Jeong SS, Choi CH. A study of dental
erosion prevention by calcium contents of fermented milk. J Korea Soc
Dent Hyg 2017;17:969–981.
27. Larsen MJ, Richards A. Fluoride is unable to reduce dental erosion from
soft drinks. Caries Res 2002;36:75–80.
28. Lippert, F. Fluoride release from fluoride varnishes under acidic conditions. J Clin Pediatr Dent 2014;39:35–39.
29. Lodi CS, Manarelli MM, Sassaki KT, Fraiz FC, Delbem AC, Martinhon CC.
Evaluation of fermented milk containing probiotic on dental enamel and
biofilm: In situ study. Arch Oral Biol 2010;55:29–33.
30. Lodi CS, Sassaki KT, Fraiz FC, Delbem AC, Martinhon CC. Evaluation of
some properties of fermented milk beverages that affect the demineralization of dental enamel. Braz Oral Res 2010;24:95–101.
31. Lussi A, Carvalho TS. The future of fluorides and other protective agents
in erosion prevention. Caries Res 2015;49:18–29.
32. Lussi A, Kohler N, Zero D, Schaffner M, Megert B. A comparison of the
erosive potential of different beverages in primary and permanent teeth
using an in vitro model. Eur J Oral Sci 2000;108:110–114.
33. Magalhães AC, Moraes SM, Rios D, Buzalaf MA. Effect of ion supplementation of a commercial soft drink on tooth enamel erosion. Food Addit
Contam Part A Chem Anal Control Expo Risk Assess 2009;26:152–156.

412

34. Medeiros IC, Brasil VL, Carlo HL, Santos RL, De Lima BA, De Carvalho
FG. In vitro effect of calcium nanophosphate and high-concentrated fluorr
ide agents on enamel erosion: An AFM study. Int J Paediatr Dent 2014;
24:168–174.
35. Ministry of Health and Welfare. The Korean Nutrition Society. Dietary Referr
ence Intakes for Koreans Seoul: The Korean Nutrition Society, 2015:592.
36. Moda MD, Briso ALF, Oliveira RP, Pini NIP, GonÇalves DFM, Santos PHD, et
al. Effects of different toothpastes on the prevention of erosion in composite resin and glass ionomer cement enamel and dentin restorations. J
Appl Oral Sci 2020;28:e20200493.
37. Oshiro M, Yamaguchi K, Takamizawa T, Inage H, Watanabe T, Irokawa A, et
al. Effect of CPP-ACP paste on tooth mineralization: An FE-SEM study. J Oral
Sci 2007;49:115–120.
38. O’Sullivan EA, Curzon ME. A comparison of acidic dietary factors in children
with and without dental erosion. ASDC J Dent Child 2000;67:186–192.
39. Petrini M, Giuliani A, Di Campli E, Di Lodovico S, Iezzi G, Piattelli A, et al.
The bacterial anti-adhesive activity of double-etched titanium (DAE) as a
dental implant surface. Int J Mol Sci 2020;21:8315.
40. Poggio C, Gulino C, Mirando M, Colombo M, Pietrocola G. Preventive eff
fects of different protective agents on dentin erosion: An in vitro investigation. J Clin Exp Dent 2017;9:e7–e12.
41. Quirynen M, Marechal M, Busscher HJ, Weerkamp AH, Darius PL, van Steenberghe D. The influence of surface free energy and surface roughness on
early plaque formation. An in vivo study in man. J Clin Periodontol 1990;
17:138–144.
42. Salas MM, Nascimento GG, Huysmans MC, Demarco FF. Estimated prevalence of erosive tooth wear in permanent teeth of children and adolescents: An epidemiological systematic review and meta-regression analysis.
J Dent 2015;43:42–50.
43. Sarialioglu Gungor A, Donmez N. Dentin erosion preventive effects of various plant extracts: An in vitro atomic force microscopy, scanning electron
microscopy, and nanoindentation study. Microsc Res Tech 2021;84:
1042–1052.
44. Scaramucci T, Sobral MA, Eckert GJ, Zero DT, Hara AT. In situ evaluation of
the erosive potential of orange juice modified by food additives. Caries
Res 2012;46:55–61.
45. Shellis RP, Featherstone JD, Lussi A. Understanding the chemistry of dental erosion. Monogr Oral Sci 2014;25:163–179.
46. Silverstone LM. Remineralization and enamel caries: New concepts. Dent
Update 1983;10:261–273.
47. Song KB, Kim JS, Kim HY, Kim JS, Kim JY. Comparison of inhibitory effect
on enamel erosion of fluoride in water and milk by commercial beverages. J Korean Acad Dent Health 2002;26:219–232.
48. Stenhagen KR, Berntsen I, Ødegaard M, Mulic A, Tveit AB. Has the prevalence and severity of dental erosion in Norway changed during the last
30 years? Eur J Paediatr Dent 2017;18:177–182.
49. Straub DA. Calcium supplementation in clinical practice: A review of
forms, doses, and indications. Nutr Clin Pract 2007;22:286-296.
50. ten Cate JM, Imfeld T. Dental erosion, summary. Eur J Oral Sci 1996;104:
241–244.
51. Turssi CP, Hara AT, Amaral FL, França FM, Basting RT. Calcium lactate prerinse increased fluoride protection against enamel erosion in a randomized controlled in situ trial. J Dent 2014;42:534–539.
52. Villena RS, Tenuta LM, Cury JA. Effect of APF gel application time on
enamel demineralization and fluoride uptake in situ. Braz Dent J 2009;
20:37–41.
53. West NX, Hughes JA, Parker DM, Newcombe RG, Addy M. Development
and evaluation of a low erosive blackcurrant juice drink. 2. Comparison
with a conventional blackcurrant juice drink and orange juice. J Dent
1999;27:341–344.
54. Zero DT, Lussi A. Erosion—chemical and biological factors of importance
to the dental practitioner. Int Dent J 2005;55:285–290.
55. Zini A, Krivoroutski Y, Vered Y. Primary prevention of dental erosion by calcium and fluoride: A systematic review. Int J Dent Hyg 2014;12:17–24.

Oral Health & Preventive Dentistry

