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ABSTRACT

INTRODUCTION: Some dental adhesive systems require an etching step using phosphoric acid in order to prepare
dentin and enamel surfaces. This treatment modifies the surface characteristics and the chemical compositions
of these hard tissues.

OBJECTIVES: The aim of this in vitro study was to analyze chemical and microscopic effects of acid etching with
rubbing technique on dental tissues.

MATERIAL AND METHODS: Sixteen extracted teeth were obtained. Two etching techniques (with and without rub-
bing) were used to treat the enamel and dentin surfaces. Scanning electron microscopy (SEM) and energy-dispersive
X-ray spectroscopy (EDX) were used to evaluate morphological and chemical changes of the enamel and dentin
surfaces. Collected data were statistically analyzed by y? and Mann-Whitney rank sum tests.

REsuLTs: The enamel that was etched with rubbing technique for 30 s showed a great dissolution at inter-prismatic
enamel level. The dentin, which was etched with rubbing technique for 15 s, revealed a larger tubules diameter
and more open tubules than without rubbing technique. There were more silica particles on dentin etched by
rubbing than without rubbing technique. Chemical analyses (EDX) showed that a dental surface etched using
37% phosphoric acid with rubbing technique revealed a surface rich in calcium, with a Ca/P ratio = 1.66 + 0.05
near to Ca/P ratio = 1.67 of hydroxyapatite.

ConcLusIoNns: Although phosphoric acid cleans the dental surface, it causes salts precipitation on the etched
dental surface; these salts can be removed more efficiently by rubbing the acid and rinsing it, providing an optimal
interface for the bonding.
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INTRODUCTION

Dental enamel is an epithelial tissue that covers
the coronal part of tooth. It is the most mineralized and
rigid tissue in the human body, and the most important
structure for esthetics and functionality of teeth [1, 2].
On the other hand, dentin is a mesenchymal tissue,

very rich in collagen fibers, and less mineralized than
enamel [3]. In a dental restoration or repair, both tissues
cannot be prepared in the same way. Bonding of bio-
materials to the enamel has become a routine, whereas
bonding to the dentin has been considered a more com-
plicated treatment due to its complex composition and
histology [4].
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The precise preparation of a tooth includes shaping
the cavity and preparing the substrate for restoration [5].
A smear layer usually covers the tooth surface where
the bonding occurs after the preparation procedure. This
layer is formed on dentin during the preparation with
hand instruments or burs [6]. Various dental burs can
be used, which can possibly change the formation and
thickness of smear layer [7, 8]. Several studies showed
that a low dentin-resin ratio strength would be observed
with a large thickness of smear layer [9, 10]. Clinical re-
sults of dental restoration on the dentin depend on a hy-
bridization, which is produced between adhesive resin
and partially demineralized dentin. Previous studies
have shown the importance of eliminating the smear lay-
er in the process of forming a hybrid layer and obtaining
the best adhesion [11, 12]. Adhesion to dentin improves
with complete removal of smear layer, and modifying
the exposure of peritubular and inter-tubular dentin
[13]. Dentin etching is usually performed with an acid-
ic agent to remove the layer of smear [14]. In dentistry,
phosphoric acid is the most used acid conditioner [15].
Different techniques applied in cavity preparation may
causeamodificationofthesmearlayercharacteristics [16].
There are no studies regarding the application procedure
of phosphoric acid, whether it has to be rubbed or just
applied on the tooth surface.

OBJECTIVES

The purpose of this in vitro study was to analyze the
effects of acid etching microscopically and chemically
using rubbing technique on the dental tissues with scan-
ning electron microscopy (SEM) and X-ray energy-dis-
persive spectroscopy (EDX). The null hypothesis was
that there were no changes in the chemical composition
and morphological structure of enamel or dentin after
etching process between two different etching tech-
niques.

MATERIAL AND METHODS

Sixteen freshly extracted teeth, human maxillary
third molars, were obtained under a patient-informed
consent (ethics committee of Strasbourg University Hos-
pital, protocol No. 2018-89). These teeth were washed
with a saline solution and then stored at 4°C in 70% etha-
nol [17, 18].

The teeth were divided into two groups. The first
group consisted of eight teeth; the enamel of these teeth
was prepared with dental diamond red bur (Komet,
Lemgo, Germany). After that, this group was sub-divided
into two sub-groups with four teeth each. The first sub-
group was treated with 37% phosphoric acid (ITENA,
Paris, France) for 30 s. The second sub-group was etched
and rubbed with 37% phosphoric acid using a micro-
brush for 30 s.

The second group consisted of eight teeth; the den-
tin of these teeth was prepared with dental diamond red
burs. After that, this group was sub-divided into two
sub-groups containing four teeth each. The first sub-
group was treated with 37% phosphoric acid for 15 s.
The second sub-group was etched and rubbed with 37%
phosphoric acid using a micro-brush for 15 s. After the
etching procedure, all the samples were rinsed with dis-
tilled water for 15 s.

The samples were then dehydrated in a graded etha-
nol solutions and sputter-coated with a gold-palladi-
um alloys (20/80) using Hummer JR sputtering device
(Technics, CA, USA). Subsequently, Quanta 250 FEG
scanning electron microscope (FEI Company, Eind-
hoven, The Netherlands) was used for the observation
of 5 zones for each coated specimens. The chemical
analyses of these specimens were performed with en-
ergy dispersive X-ray microanalysis (EDX) (EDAX Oc-
tane Plus spectrometer, Mahwah, NJ 07430, USA) of five
zones of 443 um? randomly taken for each sample.

The collected data were analyzed with Sigma Plot
(release 11.2, Systat Software, Inc., San Jose, CA, USA).
Mann-Whitney rank sum test was applied for the com-
parisons, first, of the open tubule diameters with or
without rubbing the phosphoric acid, and second, of
the Ca mass percentages for the enamel and dentin af-
ter etching with or without rubbing. %2 test was applied
to compare the proportions of open dentinal tubules in
etched dentin with or without rubbing. A significant lev-
el at & = 0.05 was adopted for all tests.

RESULTS

SCANNING ELECTRON MICROSCOPY OBSERVATIONS
OF THE ENAMEL SAMPLES

The enamel that was etched with the rubbing tech-
nique for 30 s using a micro-brush (Figure 1A) showed
a great dissolution of the inter-prismatic enamel when
compared to the enamel etched without the rubbing
technique (Figure 1B).

SCANNING ELECTRON MICROSCOPY OBSERVATIONS
OF DENTIN SURFACE

The dentin that was etched with the rubbing technique
for 15 s using a micro-brush (Figure 2A) demonstrated
a greater dissolution of the peritubular dentin, larger tubule
diameters, and more open tubules (Table 1) compared to
the dentin etched without rubbing (Figure 2B).

A superficial layer of residual material was observed
(Figure 2). It can be noted that this layer appeared more
in the group that was treated with the rubbing technique
than in the group that was treated without rubbing.
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FIGURE 1. A) Higher magnification of the enamel surface (x4000 magnification) showing a higher demineralized in-
ter-rod enamel (arrows) after etching by 37% phosphoric acid with the rubbing technique. B) Scanning electron mi-
croscopy micrograph (x4000 magnification) illustrating the typical etched enamel exposed by 37% phosphoric acid
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FIGURE 2. A) Higher magnification (x8000 magnification) showing a larger tubules’diameter and the amount of si-
lica particles (arrows) remaining on a dentin specimen etched by 37% phosphoric acid with the rubbing technique.
B) Scanning electron microscopy micrograph (x8000 magnification) illustrating the typical etched dentin exposed
by 37% phosphoric acid

TABLE 1. Mean values and standard deviations of open tubules' diameter and relative amount of open dentinal
tubules in dentin surface for two different etching protocols (zones of 443 um?)

Dentin etched Dentin etched with rubbing
Open tubules diameter (um) 1.9+0.4(n=129) 2.44+0.69 (n=190)
Relative number of open tubules (%) 63* 89**

*129 tubules opened by the preparation method among a total of 205 tubules; ** 190 tubules opened by the preparation method among a total of 214 tubules

TABLE 2. Mass percentage of calcium (mean + standard deviation) in dentin and enamel surface for the two etching
protocols measured on five zones of 443 um?each

Enamel etched Enamel etched with rubbing Dentin etched Dentin etched with rubbing
(Ca mass (%) 27.47 +1.67 3019132 1.26£0.39 4.84 +1.66
CHEMICAL ANALYSIS ticles attached to the surface that were visualized by

SEM were silica particles, specifically, the silica used to
The analyses of superficial layer in the dentin sam-  thicken the acid gel. Silica nano-particles on the enamel
ples of residual material by EDX indicated that the par-  surface were not observed.
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The chemical composition of the enamel treated
with or without the rubbing technique exhibited calci-
um mass percentages (means and standard deviations),
as described in Table 2.

The chemical composition of dentin treated with or
without the rubbing technique demonstrated calcium
mass percentages, as described in Table 2.

STATISTICAL ANALYSES

Concerning the relative amount of open dentinal tu-
bules, there was a significant difference between the pro-
portions observed in the dentin etched traditionally
(without the rubbing technique) and the dentin etched
with the rubbing technique (y? test, p < 0.05).

The differences between median values of the diam-
eters of open tubules and the calcium mass percentages
in the dentin, whether etched with the rubbing tech-
nique or etched traditionally, were greater than expected
(Mann-Whitney test, p < 0.05).

Concerning the calcium mass percentages, there was
a significant difference between the medians correspond-
ing to the enamel etched using the rubbing technique
and the enamel etched traditionally (Mann-Whitney test,
p <0.05).

The null hypothesis of insensitivity of the enamel or
the dentin samples to different etching techniques was re-
jected (p < a).

DISCUSSION

In this study, the scanning electron microscope
(SEM) was used to observe the dental tissues surface
after two preparation techniques (traditional etching
and etching using the rubbing technique). Dentists
need an optimal quality of dental restoration. Poor per-
formance of bonding agents results from bonding the
smear layer rather than to the tooth itself [19].

In the present study, the smear layer on the dentin
surface, which was formed during the use of diamond
was removed by etching with 37 % phosphoric acid for
15 s (Figure 2), and the enamel surface was cleaned by
etching with 37% phosphoric acid for 30 s (Figure 1).
It appears that etching with phosphoric acid was able to
fully clean the enamel and dentin surface. A micro-brush
was used in the etching stage by rubbing the phosphoric
acid on the dentin for 15 seconds, and on the enamel for
30 seconds.

SEM images showed that the rubbing action revealed
a dentin surface with greater number and larger diame-
ter of the exposed dentin tubules (Figure 2A) than that
of not rubbed dentin surface (Figure 2B). The microme-
chanical interlocking of an adhesive in the demineral-
ized dentin is the primary critical factor in determining
sufficient bond [20]. The application of phosphoric acid
for 15 s demineralized the dentin and exposed a colla-

gen matrix [21]. We assume that the rubbing action re-
activated the acid effect, pushed it in the tubules in order
to open them more, and demineralized the peritubular
dentin (larger diameter).

The silica particles attached to the dentin surface
were more present in the rubbed samples. Silica is used
to thicken the etching gel and it is not totally eliminat-
ed by only washing with water [22]. Although, the small
silica particles (10-20 nm) were found, they were able
to penetrate into the dental surface [23]. The use of ac-
ids to treat the dentin in collagen is becoming positively
charged, which in turn, shows grater affinity to the nega-
tive silica particles. The rubbing technique demonstrates
a greater infiltration capacity of the silica particles in
the dentin surface. These silica nanoparticles may have
an impact on the dentin bonding ability, as an outcome
of impairing bonding material infiltration. No silica
nanoparticles were found on the enamel that consisted
of aligned rods. Each rod includes tightly packed apa-
tite crystals with strong intermolecular forces and high-
energy surfaces [24, 25].

In the present study, SEM images showed that
the rubbing action revealed the enamel surface with
inter-prismatic enamel more demineralized than pris-
matic enamel. This is due to the structure of prismat-
ic enamel that is mineralized over 95%, and contains
aligned fiber-like apatite crystals with different orienta-
tions in the head and tail areas. Inter-prismatic enamel is
enriched in organic matter [25, 26]. Other study report-
ed that the differences in the demineralization degree
might be due to variations in crystallite orientation in
the enamel rods [27]. Here, the demineralization of in-
ter-prismatic enamel was improved by the rubbing tech-
nique; additionally, it enhanced the porosity (Figure 1A).
The infiltration of adhesive resins into the porous sur-
face is responsible for the mechanical bonding of adhe-
sive systems to enamel [28]. According to our results,
the rubbing effect increases the surface porosity, which
is better for micro-mechanical bonding retention.

The degree of demineralization of dentin and enamel
surface depends on the type and concentration of acid,
in addition to the etching time [29]. There are no stud-
ies showing the effect of etching and using rubbing on
the degree of demineralization.

EDX analysis (Table 2) showed that the mean per-
centages of calcium in the surface layer of dentin and
enamel etched by the rubbing technique was higher
than in the surfaces etched without rubbing. The depth
in EDX analysis was around 1 um (depending on high
voltage), and we assume that the rubbing action and
rinsing for 15 s eliminated organic and salt debris on
dental surfaces. Therefore, the EDX analyses, after these
exclusions, showed an increase in calcium content of the
clean surfaces.

Some studies observed that etching enamel or den-
tin with phosphoric acid with concentrations under 27%
creates dicalcium phosphate dihydrate (DCPD). Higher
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concentration of phosphoric acid can lead to an early cre-
ation of monocalcium phosphate monohydrate (MCPM).
While the DCPD precipitate could remain on the dental
surface after rinsing, MCPM is simpler to dissolve by
rinsing due to its different solubility in water [30].

We hypothesize that etching with 37% phosphoric
acid and rubbing it with a micro-brush would not keep
the MCPM (Ca/P ratio = 0.5) [31] completely attached to
the etched surface, and with 15 s rinsing, the precipitate
would be completely removed. EDX analysis of the den-
tal surface that was etched using the rubbing technique
showed a surface rich in calcium (Table 2), with Ca/P
ratio = 1.66 + 0.05 near to Ca/P ratio = 1.67 of hydroxy-
apatite. Contrariwise, EDX analysis of the dental surface
etched without rubbing showed a surface less rich in cal-
cium (Table 2), with Ca/P ratio = 1.59 + 0.04.

The equation 1.59 = 1.67 » + 0.5 (1 - ») revealed the
percentage of MCPM and hydroxyapatite on the den-
tal surface that was etched without the rubbing tech-
nique. They accounted for 36% and 64%, respectively.
In the above-mentioned equation, 1.59 is the value of
Ca/P ratio of the dental surface etched without the rub-
bing action, » is the MCPM percentage on the dental
surface etched without the rubbing action, 1.67 is the
value of Ca/P ratio of hydroxyapatite, and 0.5 is the value
of Ca/P ratio of MCPM.

Therefore, rubbing action and rinsing for 15 s would
leave a clean surface without MCPM, rich in hydroxy-
apatite crystallites, and more available for bonding.
The hydroxyapatite on the etched surface of enamel and
dentin contributes without a doubt to the adhesive perfor-
mance, in addition to micro-mechanical hybridization.

Other study showed that the dissolved calcium and
its precipitates were removed after 30 seconds water
rinsing [32]. However, this study could not answer the
question whether the effect of rubbing technique causes
dental sensitivity, which should be studied clinically. This
can be considered a limitation of this work. Obliquely
oriented tubules hinders the visualization of the exis-
tence of debris within apparently opened tubules and in
the measurement of dentinal tubule diameters in some
SEM graphs.

According to the results of our present investiga-
tion, etching and rubbing with micro-brush showed
important effects on the dentin surface (tubules were
larger and the surface was richer in calcium). Etched
and rubbed enamels demonstrated an increase in micro-
porosity and a hydroxyapatite-rich surface that could be
very important regarding the formation of ionic bonds
of the adhesive’s monomers with hydroxyapatite’s Ca.

CONCLUSIONS

Within the limitations of this study, phosphoric acid
definitely removes the smear layer and cleans the den-
tal surface. Nevertheless, etching with phosphoric acid

causes salts precipitation on the etched dental surfaces.
These salts can be removed more efficiently by rub-
bing the acid and rinsing it. Consequently, it produc-
es an optimal interface for bonding. Etching with 37%
phosphoric acid associated with rubbing also creates
larger dentinal tubules, and improves enamel’s porosity.
All these points could increase the bonding strength in
the hybrid layer.
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