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In vitro comparison of the erosive potential of four
different wines on human dental enamel

SUMMARY Dilara Seyma Alpkihg!, Sule Batu?
Background/Aim: This study aimed to investigate the erosive
potential of wines derived from Anatolia on human teeth in vitro. Material
and Methods: In this study two red (Okiizgozii, Bogazkere) and two white
(Sultaniye, Narince) wines, citric acid and distilled water were used to
investigate erosive effects. The pH, titratable acidity, iron and calcium ion
levels of the groups were measured. Each group included 10 specimen and
they were exposed to 25 ml of wine sample for 5 seconds, artificial saliva for
10 seconds for 10 times. The initial and the final phosphate concentrations
were measured by the UV spectrophotometer and the difference between
the measurements was calculated. One sample was examined under a
scanning electron microscope and the data were analyzed statistically using
One-way ANOVA and Pearson correlation test. Results: Mineral loss and
erosive lesion depth values were ranged from highest to the lowest Sultaniye,
Bogazkere, Okiizgozii and Narince, respectively. — Correlation between
mineral loss and pH was statistically significant (p<0.01). However, there
was no correlation between the iron and calcium ion level and mineral
loss. Conclusions: All the investigated wines have pH values below the
critical value for enamel dissolution while Sultaniye was significantly more
erosive than the others. There is a negative correlation between pH and
erosive potential of the wine. Within the limits of this in vitro study, it can be
expected that a regular consumption of wines might cause dental erosion.
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the acid and the contact time of the acid*>. In addition, it
has been stated that the calcium, phosphate and flouride
ions, which are contained in the beverages in sufficient
quantity, have an anti-erosion effect®®,

Despite the existence of a traditional mindset that pH
is the main factor in determining the erosive potential of
beverages, it has been recently accepted that the amount
of titratable acidity is the determining factor*. The initial
pH value only tells us the concentration of hydrogen ions
present in the drink. However, as the titratable acidity

Introduction

“Dental erosion” or ‘“erosio dentium”, which is
a clinical term used in dentistry, can be defined as the
chronic, pathological and localized removal of dental hard
tissues without bacterial activity!=3. In recent years, there
has been an increasing interest for dental erosion. There
is a growing concern within the dental profession over the
problem, and it is important for the clinicians to recognize

the early symptoms of dental erosion’.

While erosion takes place in the mouth environment,
the amount of mineral removed from the hard tissues of
the tooth depends on a number of factors; such as the pH
of the acid, the buffering capacity, the concentration of

value increases, the time it takes for saliva to neutralize
this acidity will increase®.

Epidemiological studies and numerous case
reports have proven that diet plays a crucial role in the
development and progression of dental erosion. It is stated
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that long-term and frequent intake of fruit juices results in
formation of dental erosion (8-10). Wines are also in the
category of acidic beverages as they are made of grapes.
While the initial pH of the grape juice is 3.0, the pH of the
wines is measured between 3.3 and 4 1.

The Anatolian territory is one of the world’s oldest
wine regions. It is known that Turks produced and
consumed wine besides the traditional beverages. There
are about 600-1200 grape varieties in Anatolian region
and many different wines can be produced by processing
these grapes. Despite this, about 60 different types of wine
are produced today'2.

The aim of this study is to compare the erosive
effects of wines on enamel surface and investigate the
correlations between pH, titratable acidity, iron and
calcium irons amongst the groups. The null hypothesis
is there is no difference between the erosive effects of
different wines on human enamel.

Material and Methods

Specimen Preparation

This in vitro study has been reviewed and approved
by the Ethical Committee of Istanbul University, Faculty
of Dentistry (2020/26). Nineteen unerupted wisdom teeth
were collected to evaluate the erosion potential.

Collected unerupted wisdom teeth were disinfected
and the debris on the surface was removed. They were

kept in a 0.9% sodium chloride solution to prevent drying
out!!. The crown parts of the teeth were separated from
the roots at cemento-enamel junction under water cooling
with a separator. Then each crown was cut into four
smaller pieces under water cooling by using diamond
burs. A round shaped sticker with a diameter of 3 mm
(A: 7.065 mm?) was placed on each sample to create an
exposure window. After placing the sticker, the surface of
the specimen was covered with acid-resistant nail polish.
Then the sticker was taken out. Prior to creating erosive
lesions, all samples were kept in a solution containing 1
mM CaHPO4 + ImM F for 24 h for standardization, then
rinsed with distilled water and allowed to dry.

Study Groups

Two red and two white wines, from various wine-
making regions in Anatolia were selected as study
groups. The pH and titratable acidities were measured
and shown in Table 1. The initial pH of the wines
was measured with a pH meter (Orion, model 420A,
Thermo Fischer Science Inc., Waltham, MA, USA) at
room temperature. The titratable acidities of the wines
were determined by sequential addition of 0.1 M NaOH
to 5 ml wine sample until the pH reached 7. The initial
phosphate concentrations of the wines were determined
spectrophotometrically using a colorimetric assay based
on the molybdenum reaction at a wavelength of 650 nm
(UV- 1601 PC, Shimadzu Corp., Kyoto, Japan)!3. In
addition, calcium and iron concentrations in the wines
were determined using ion selective electrodes in a
commercial laboratory (Kalite Group Laboratories).

Table 1. Wines used in this study and their chemical properties

Grape pH Titratable acidity (uM) Alcohol (%) Manufacturer Type Region Abbreviation
Bogazkere 3.47 640 %12 Buzbag Red Diyarbakir BK
Okiizgdzii 3.76 570 %12 Buzbag Red Elazig oG
Narince 3.79 610 %13 Kavaklidere Ancyra White Tokat NA
Sultaniye 32 844 %12.5 Kavaklidere White Denizli SU
Erosion Protocol

The erosion protocol is shown in Figure 1. Tooth
samples were randomly divided into 6 groups (n = 10) Erosion Protocol
with 10 samples in each group (4 experimental groups + 1
positive control group + 1 negative control group). In order Initial phosphate, calcium and iron measurement
to simulate the intake of one glass of wine, samples in each i
group were subjected to 25 ml of wine for 5 sec, then kept | ©#o@ " spacimens fo e sampies and control groups
in the same amount of artificial saliva for 10 sec and washed 3 P
with distilled water. This procedure was repeated 10 times for Exposum of 3:;’;;”-;;:3;‘;;;"""“‘-"“’ safva

each sample individually (Figure 1). The difference between
the initial and final measurements was calculated and the
values were adjusted to surface area of this exposed enamel
window size of 7.065 mm?. Lesion depths of tooth windows
were calculated by the formula below:
Depth of erosive lesion = (Mineral loss in the tooth) /
(Hydroxyapatite density x Test area)'?

+

Final phosphate, caicium and iron measurement

:
Calculafing the differance between initial and final
measurements

Figure 1. Erosion protocol and the study design
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Scanning electron microscope imaging

For scanning electron microscope (SEM) imaging,
one of the teeth was cut sagittally. Same disinfection and
standardization protocol were applied to that specimen.
Two exposure windows were created. One of the windows
was opened and the specimen was exposed to Sultaniye.
The same erosion protocol was applied as explained
before. After the erosion simulation, the other window
was opened and used as control.

Prior to scanning electron microscope examination,
the surface of the specimen was coated with a thin gold
foil. The specimen was examined under a scanning
electron microscope (Quanta 450 FEG, FEI Technologies
Inc., Oregon, United States) under x1000 and x5000
magnification.

Statistical analysis

Statistical analyzes were done using SPSS program
(version 12; SPSS Inc, Chicago, Ill, USA). The mean

values and standard deviations of the chemical properties
of wines were calculated. The relationship between
chemical properties and mineral loss between groups
was investigated using One - Way ANOVA (Post-Hoc
Tukey’s HSD test) with the significance level of 0.001.
The relationship between mineral loss, lesion depths
and chemical properties was examined using Pearson
correlation test (oo = 0.01).

Results

Mean and standard deviation values for phosphate
measurements and erosive lesion depth measurements are
shown in Table 2. Mineral loss and erosive lesion depth
values were ranged from highest to the lowest Sultaniye,
Bogazkere, Okiizgdzii and Narince, respectively. One-
Way ANOVA tests showed a significant difference
between the groups in terms of mineral loss (p< 0.001).

Table 2. Mineral loss and depth of erosive lesions on enamel surface after immersion of the specimen in study and control groups

Group Content

Mineral loss (ug) (Mean+ SD) Erosive Depth (um) (Mean+ SD) pH Titratable acidity (uM)

Positive control

Citric acid 0.3936 £0.0087*

(n=10)
Negative control ;o4 water 0
(n=10)

BK (n=10) Bogazkere 0.032 + 0.0004¢°
0G (n=10) Okiizgozii 0.027 = 0.0037¢
NA (n=10) Narince 0.015 +0.00334
SU (n=10) Sultaniye 0.075 + 0.0040°

0.019 £ 0.00041° 2.5 300
(0 7 0
0.0015 = 0.00005" 3.47 640
0.0013 = 0.00016" 3.76 570
0.0007 + 0.00017) 3.79 610
0.0036 £ 0.00019¢ 3.2 844

*Difference on the letters shows the difference between groups and same letters indicate no statistical differences according to the

statistical analyses.

In terms of mineral loss and erosive lesion depth, a
statistically significant difference was found between the
positive and negative control groups and the experimental
groups (p< 0.001). Values obtained in terms of mineral
loss and erosive lesion depth are ranged from highest to
the lowest Sultaniye, Bogazkere, Okiizgdzii and Narince,
respectively. When the enamel loss and erosive loss values
were examined, no statistically significant difference was
found between the Okiizgdzii and Bogazkere groups,
while the difference between the other groups was
statistically significant (p< 0.001).

While there was a negative correlation between low
pH and mineral loss (p<0.01), no significant relationship
was found between calcium and iron ion concentrations

and mineral loss (p> 0.01). SEM images of Sultaniye
group confirm the erosive effects. As a result, typical
honeycomb appearance and irregular structure caused by
dental erosion were seen in the experimental group images
(Figures 2 and 3).

Table 3. Correlation between PH values and Mineral Loss

pH  Mineral Loss

pH Pearson Correlation 1 -0.935*
Significance (2-tailed) .000

Mineral Loss Pearson Correlation 1 -0.935%*
Significance (2-tailed) .000

*Correlation is significant at 0.01 level (2-tailed).
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Figure 24 — Non-erode tooth surface of tooth hard tissues with regular
and smooth structure under SEM with x1000 magnification

Figure 2. Scanning electron microscope images under x1000 magnification

Figure 2B. Eroded tooth surface of tooth hard tissues with irregular
structure under SEM with x1000 magnification

Figure 3. Scanning electron microscope images under x5000 magnification.

Figure 3A. Non-erode tooth surface of tooth hard tissues with regular
and smooth structure under SEM with x5000 magnification

Discussion

Dental erosion has become more common as
there has been an increase in the consumption  of
acidic beverages with a variety of acids that have been
implicated with dental erosion. Early symptoms of dental
erosion are absent or very limited. Clinicians must carry
out a diagnostic protocol for early stages of erosive
lesions. When enamel demineralization is detected at a
more advanced stage, the damage becomes irreversible.

Several studies>!'%!5 and case reports'®!” have
shown that, the erosive potential of wine is dependent on
its chemical properties. However, there is no study in the
literature about the erosive effects and chemical properties
of the wines from the grapes grown in the Anatolian

14,

Figure 3B. Eroded tooth surface of tooth hard tissues with irregular
structure under SEM with x5000 magnification

region. The results of the current study show that, wines
derived from the Anatolian region have a different erosive
potential against enamel depended on their chemical
properties and the null hypothesis was rejected.

During food intake under normal conditions, food
and beverages act on the teeth for a very short time due
to the washing effect of saliva. Some previous studies
have reported, either the substrates were exposed to
acidic beverages for a very long time!l'4!8 or the role
of saliva was neglected during the experiments'!:'4. The
current study was designed to enable the erosion that
occurs during an intake of a glass of wine (250 ml) to be
examined under conditions where the washing effect of
saliva was also simulated.
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Our findings are consistent with the study results
of Ehlen er al.'®, who found a relationship between
the mineral loss in dental hard tissues and both pH and
TA. However, our results contradict with other studies
claiming that the erosion potential is directly and
primarily affected by pH3!%20, This difference can be
explained by the different experimental conditions and
study designs.

Willershousen et al.?! investigated the erosive effects
of four red and four white wines with different pH levels.
They concluded that, the white wines were more erosive
than the red wines. Our results contradict with the results
of their study. In the mentioned study, white wines have
lower pH level than the red wines that results in more
erosion. It is a common fact that, white wines have lower
pH and acidity than red wines. However, in our study one
of our white wines has higher pH and TA than the red
wines, resulting with less erosive potential.

Mok et al'® simulated intermittent 24 h enamel
exposure to wines and concluded that white wines caused
erosive lesions with 68 pm depth. These data were similar
to the results of this study as the deepest erosive lesions
were seen in Sultaniye group that has the lowest pH.
However, the mean depth of the erosive lesions of Sultaniye
group is 36 um. The difference between the two studies
should be explained by the specimen exposure time.

In our study, no significant relationship was found
between the amount of iron contained in wines and
mineral loss (p> 0.05). Bueno et al.” concluded that iron-
containing gels inhibit the solubility of tooth enamel in the
presence of erosion risk. In addition, Kato et al.® stated in
their in vitro study that the solubility of enamel powder
against acidic drinks decreased in the presence of iron.

According to the results of this study, pH has a
negative correlation with erosive potential however the
concentration of the acid in the beverage and whether it
is strong or not, the alcohol level and the concentration
of other ions may all create one specific content for
beverages and may affect the erosive potential of
beverages.

In the current study, Sultaniye showed the lowest
pH and highest titratable acidity values that resulted in
the highest mineral loss from tooth surface and deepest
erosive depth on enamel. Therefore, Sultaniye was
chosen as a representative of severe dental erosion for
SEM imaging. The SEM images confirmed that and deep
lesions with irregular surface images were captured on
enamel under magnification.

However, there are some limitations of this study. As
it is not ethical to conduct this study in vivo, this study
was designed in vitro with its own limitations. Despite
the effort to simulate the washing effect of saliva by using
artificial saliva, the protective effect of pellicle was not
possible to simulate. Only limited number of wines were
used and more studies with more and different brands and
grapes of wines should be conducted.

Conclusions

Under the limitations of this study, it can be stated
that alcoholic beverages, are one of the risk factors for
dental erosion. Wines derived from the Anatolian region
have low pH and cause erosion on the enamel surface
even during a short contact, such as consuming a glass of
wine. Level of pH has a negative correlation with erosive
potential and there is no correlation between the erosion
and iron and calcium ion level. Within the limits of this in
vitro study, it can be expected that a regular consumption
of wines might cause dental erosion.
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