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Objective: To evaluate the action of gaseous hydrochloric acid on human and bovine enamel and compare the
demineralization pattern of these substrates exposed to the gaseous erosive agent. Methods: Eight bovine ena-
mel and eight human enamel specimens were obtained (4 x 4 x 2 mm), half surface was protected with com-
posite resin and the other half was exposed to gaseous hydrochloric acid (gHCI), pH 2 at 37 °C, for 3 min,
8 times a day, for 12 days, and in intervals the specimens were maintained in artificial saliva. The specimens
were analyzed according to wear profile, surface roughness and microhardness (before and after acid expo-
sition). Data were statistically analyzed by one-way ANOVA. Results: Data showed no significant difference
between bovine and human enamel for all properties analyzed — microhardness (98.1 + 5.2, 96.9 + 4.8), wear
profile (11.5 + 2.8, 11.4 + 3.6) and roughness (2.6 + 0.3, 3.3 + 0.3), respectively. In images, we observed that
gHCIl could cause enamel erosion in both groups. Conclusion: Gaseous hydrochloric acid causes similar enamel
erosion on bovine and humans.

Dental Enamel; Gastric Acid; Gastroesophageal Reflux Disease.

Efeito do acido cloridrico gasoso no esmalte humano e bovino * Objetivo: Avaliar a acio do 4cido cloridrico gasoso so-
bre o esmalte humano e bovino e comparar o padrao de desmineralizagido desses substratos expostos ao agente erosivo gasoso.
Meétodos: Oito espécimes de esmalte bovino e oito de esmalte humano foram obtidos (4 x 4 x 2 mm), metade da superficie foi
protegida com resina composta e a outra metade exposta ao acido cloridrico gasoso (gHC), pH 2 a 37 °C, por 3 min, 8 vezes ao
dia, durante 12 dias, e em intervalos os espécimes foram mantidos em saliva artificial. Os espécimes foram analisados quanto
ao perfil de desgaste, rugosidade superficial e microdureza (antes e ap6s a exposi¢ao ao acido). Os dados foram analisados es-
tatisticamente por ANOVA de uma via. Resultados: Os dados ndo mostraram diferenca significativa entre o esmalte bovino e
humano para todas as propriedades analisadas — microdureza (98,1 + 5,2, 96,9 + 4,8), perfil de desgaste (11,5 + 2,8, 11,4 + 3,6)
e rugosidade (2,6 + 0,3, 3,3 + 0,3), respectivamente. Nas imagens, observou-se que gHCl pode causar erosdo do esmalte em
ambos os grupos. Conclusao: O acido cloridrico gasoso causa erosdo do esmalte de forma semelhante em bovinos e humanos.
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INTRODUCTION

According to recent studies, the gastroesophageal
reflux disease (GERD) is the most common
gastrointestinal related diagnosis.3 GERD is a
multifactorial disease, and the transient lower
esophageal sphincter relaxation is the main
mechanism of gastroesophageal reflux in normal
subjects* and in the patients with reflux disease.s

Normal subjects with a functional antireflux
barrier presented few episodes of physiologic acid
reflux;® however, patients with reflux disease have
these episodes more often,” suggesting a deficient
antireflux barrier.® Refluxate is composed of liquid
acid, gas, mixed liquid-gas,® with frequent presence
of gas during episodes of reflux.1>"

The Impedance-pH monitoring is a gold-standard
method for diagnosis and monitoring of the gas
present in reflux episodes and thus associated with
disease symptoms.2-1

Recent studies that analyzed the pressure associated
with reflux have also been interpreted, indicating that
most reflux episodes are associated with belching.7
Gas reflux occurs in most episodes in patients with
reflux disease.” It is important to note that not all gas
reflux episodes are considered as belching.*

The intrinsic dental erosion is likely caused by
gastric acid reflux into the oral cavity.?° Gastric
contents (hydrochloric acid and pepsin)* have a low
pH near 2.7 and can induce enamel demineralization,
the formation of erosive lesions?° in rats proved that
the association between gastric acid reflux and
orals diseases exists.2° With the erosive potential
of hydrochloric acid comes the need to evaluate the
action of gaseous hydrochloric acid and study the
effect of this gas on dental enamel, considering the
many reports about the existence of the gas and the
high incidence of gaseous reflux episodes in patients
with GERD?2,

Bovine teeth are widely used in studies to analyze
the effect of various conditions on enamel and have
a good reproducibility of results when comparing
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with human teeth.?324 However, the action of gaseous
hydrochloric acid on bovine and human enamel is
unknown, and the effects can be different because
the chemistry and structure of both enamels are not
identical.?s2¢

Thus, the aim of this study was to evaluate the action
of gaseous hydrochloric acid on human and bovine
enamel and to compare the demineralization pattern
of these substrates exposed to gaseous erosive agent.

MATERIALS AND METHODS

For this study, we used eight bovine enamel
specimens (incisive buccal face) with a dimension of
4 x 4 x 2 mm and eight human enamel specimens
(molar buccal face). The specimens were exposed to
gaseous hydrochloric acid for 12 days. After the erosive
challenges, the specimens were analyzed according to
wear profile, step, surface roughness and microhardness.

This study was approved by the local Ethics
Committee involving human teeth (protocol no.
2011.1.1271.58.2). To obtain the fragments clean
bovine incisors and human molars were employed,
which were stored in 2% formaldehyde solution at
pH 7.0. The teeth with cracks, hypoplasia stains or
severe wear were discarded. The teeth were cut at the
cement enamel junction by a water-cooled diamond
saw in a sectioning machine. The bovine crowns were
bisected longitudinally, and the buccal and lingual
fragments were separated; the lingual fragment
was discarded, providing buccal enamel specimens
(4 x 4 x 2 mm). The human crowns were cut in the
mesio-distal direction, and the buccal face was used.

The bovine specimens were delineated and
polished due to their irregular surface with water
and sandpaper (granulation #600 and #1200), felt
discs and alumina suspension (0.3 and 0.05 um). The
human specimens were not delineated and polished.
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All specimens were selected by baseline surface
microhardness (KHN), which was determined using
the average values of five indentations performed
at distances of 500 um from each other (Knoop
diamond, 25 g/f, 10 s, Shimadzu Micro Hardness
Tester HMV-2.000), a mean microhardness value
was calculated, and the sample presenting a + 20%
mean microhardness was included in this study. Eight
bovine and eight human fragments were selected.

All the fragments selected were coated with
composite resin (reference area),?” leaving half of
the enamel surface without protection to apply the
erosive challenge.

All specimens were fixed in a glass plate with wax
and exposed to gaseous hydrochloric acid in a closed
device with pH 2 at 37 °C, for 3 min, 8 times a day, for
12 days. Between erosive challenges, the specimens
were immersed and stored in artificial saliva®” at
37 °C. The artificial saliva was changed daily.

To perform the erosive challenges, we used a
glass device able to maintain the system closed with
temperature and pH monitored by a thermometer
and pH-indicator paper, respectively.

Inside the device na HCI solution was placed,
which was heated by a magnetic stirrer. The heated
HCI solution made gaseous HCI, which was in contact
with enamel fragments by a predetermined period?.
All the fragments were exposed to gas simultaneously.

After careful removal of composite resin used
to isolate the fragments, they were subjected to
wear profile and surface roughness analyses.
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The analyses were performed by a confocal laser
microscope (Olympus LEXT OLS4000®, Japan),
through which 3D enamel surface images were
obtained. Measurements were performed using
specific software.

Ten measurements were performed on each
specimen, which roamed the reference and eroded
areas. Wear profile (Rv in um), Step (high in pm),
and surface roughness (Ra in uym) were observed.

After erosive challenges, the fragment side
was delineated and polished with water and
sandpaper (granulation #600 and #1200), felt
discs, and alumina suspension (0.3 and 0.05 pm).
Microhardness analysis was performed in the
reference and eroded areas. In each area, nine
Knoop indentations were made in three columns,
at distances of 30, 60 and 90 um from the edge
(25 g/f, 10 s), and a mean microhardness value was
calculated per specimens.

After homogeneity and normal distribution
evaluation, data were analyzed by one-way
analysis of variance (ANOVA) at 5% level. The
software SigmaStat (Windows version 3.5, Systat
Software Inc.) was used for the calculation.

RESULTS

Data showed there was no significant
difference between bovine and human enamel and
microhardness (Table 1), wear profile, step and
roughness analysis (Table 2). Analyzing the data and
the 3D images (Figure 1) we observed that gHCI was
able to cause enamel erosion in both groups.
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TABLE 1 | Mean (um) and standard deviation values of microhardness of the subsurface enamel.

Bovine
Control Eroded
30 ym 260.00 + 69.77
60 ym 276.28 + 66.79
90 ym 281.89 + 64.32

250.17 + 70.98
273.72 £ 91.89

27722+ 77.72

Human
Control Eroded
256.14 + 38.59 266.71 + 45.93
266.90 + 44.60 250.67 + 34.10

278.90 + 46.60 253.67 + 34.67

TABLE 2 | Mean (um) and standard deviation (SD) values of the surface enamel wear profile, step and roughness of experimental groups.

Experimental group Wear profile
Bovine 10.5+3.95
Human 11.4 +3.63

Step Roughness
14.25 +5.34 2.6 +0.94
16.92 + 6.53 3.3+0.70

FIGURE 1 | Enamel erosion caused by gHCI in bovine and human enamel substrates.

DISCUSSION

Reflux episodes are composed of liquid and
gaseous reflux? and of mixed liquid-gas. In resting
subjects, at least half of all reflux events are associated
with gas reflux.’>2® An isolate episode of acid reflux
into the oral cavity does not lead to a pathological
condition. However, if reflux episodes occur on a
regular basis over a long period, they are characterized
as gastroesophageal reflux disease (GERD) and the
risk of developing teeth erosion increases.

The damaging effects of liquid hydrochloric acid
on tooth surface is known,3° and many studies have
been performed on the prevention of erosive lesions
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on both dentin and enamel.3*32 Due to the constant
presence of gas reflux episodes, it is important to
evaluate the effect of hydrochloric acid on the enamel
surface. This study was performed using a new method,
since there are no reports in the literature about the
effect of gaseous hydrochloric acid on enamel dental
erosion. Only a previous study*” analyzed erosion using
gaseous hydrochloric acid in dentin. This study showed
that gHCI can promote enamel demineralization as
seen in Figure 1, in which structural loss and surface
demineralization can be observed.

Many studies reported that the gas enhance the
painful symptoms of GERD**33 because it produces na
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increased distension of the esophagus, reaching the
proximal esophagus®, and the presence of gas in the
refluxate increases the probability of reflux perception
in patients.’? The gas reaches the oral cavity more
easily than liquid*® and, in most cases of GERD, the
refluxate remains in the esophagus and occasionally
comes in direct contact with the oral cavity.

The association between GERD and tooth erosion
is stronger than commonly noticed by physicians,3+
being difficult to establish whether tooth enamel
damage occurs over a long period and is influenced
by multiple factors.35

Analyzing GERD erosive potential, in vivo studies
showed high prevalence of dental erosion in patients
with GERD.3%%7 These results cannot be associated
with both liquid and gaseous refluxate. In vitro and
in situ studies performed with liquid hydrochloric
acid observed dental loss after pH cycling in HCI,3"32
showing its erosive potential. Bartlett and Cowards°®
performed a study comparing erosive potential of
gastric juice with a soft drink and observed that
gastric juice has a greater potential for enamel and
dentin erosion than a carbonated drink.

A study on animal models found that the liquid
hydrochloric acid is not solely responsible for dental
erosion and that the existence of steam coming from
the acid gastric juice may be the most important
factor.3® In our study, after the erosive challenges,
we observed that the gHCI caused severe wear
and increased roughness in bovine (11.5 pm and
2.6 um) and human (11.4 pm and 3.3 pum) enamel
surface, respectively. No studies that analyzed the
erosive effect of gaseous hydrochloric acid on the
enamel surface were found, making it impossible
to compare this result.

In our study, the erosive challenges were
performed in bovine and human enamel, because it is
necessary to know the action of gaseous hydrochloric
acid on both kinds of enamel surfaces. Usually,
human teeth are preferred for in vitro and in situ
dental studies because of the approximation with
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clinical occurrences. However, the use of human
teeth has disadvantages and limitations, such as
difficulties to get them in sufficient quantity and with
adequate quality;? the age of the collected human
teeth, which might lead to greater variations in the
outcome measures of the study; some anatomic form
limitations,° infection hazard+°, and ethical issues.#

Bovine teeth are used in many studies since
they are easy to obtain in high quantities, present
good condition (absence of caries) and larger
surfaces.4> However, there are some concerns
about the application of data obtained from bovine
teeth because their chemistry and structure are
not identical to the human teeth.?52% Bovine teeth
have lower fluoride concentration compared with
human teeth and greater porosity, which results in
faster diffusion and formation of caries lesions.2s
Regarding radiographic density, bovine enamel has
higher density and the bovine coronal dentin has less
radiodensity compared with human teeth.2®

Despite the differences between these two
substrates, bovine enamel can be considered a valide
substitute for tooth enamel in most in vitro studies.
It provides more consistent experimental response,
since its composition is less variable compared with
human enamel.?

In the literature, there are a few studies that
compare the demineralization pattern between
bovine and human teeth; however, one study
showed there was no difference between these two
substrates analyzing dental wear caused by citric
acid* and in a study comparing bovine and human
dentin in erosion/abrasion tests.3?

The effects of hydrochloride acid on bovine
dental enamel show that the demineralization
pattern is cyclic. The initial demineralization
is rapid due to great number of hydroxyapatite
crystals with small diameters. As these crystals are
removed, the larger diameter of the remaining ones
decrease the demineralization rate, then with the
exposure of small crystals, demineralization rate
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increases again.+5 Other study showed that bovine
enamel exposed to HCl in a brief time incubation
presented linear phosphate dissolution in a time and
pH dependent manner.4®

Studies that used human enamel to investigate
the effects of HCI acid on tooth surface showed
that HCI caused interprismatic destruction after
5 minutes of acid exposure.#” Teeth etching with
HCI 15% for 2 minutes decreased the carbonate
content of enamel“® and lengthening of etching
time enhanced the depth of erosion surface,
proving that structure alterations caused by HCl
are time-dependent.#

From the data obtained from the studies that
evaluated the effects of HCI on bovine and human
enamel,+49 we observed that despite having
different structure, both suffered time-dependent
structural changes and mineral loss. This study
evaluated other parameters but also found similar
responses in both substrates, confirming that
bovine teeth are a reliable substitute for human
teeth in in vitro studies on erosion.

CONCLUSION
This study showed the gaseous hydrochloric

acid effect on dental enamel is similar in bovine
and human teeth. Microhardness, wear profile,
step and roughness analysis showed similarity of
results, thus in situ studies on dental erosion and
its association with GERD can be performed using
both dental substrates. Since human teeth are more
difficult to acquire, bovine teeth is a safe substitute

for human enamel.
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