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Abstract Objective The aim of this study was to evaluate the use of 70 vol.% ethanol as a
dentin pretreatment on the bond strength (BS) of a two-step etch-and-rinse adhesive.
Materials and Methods Resin composite Class | restorations were clinically bonded
to acid-etched dentin of human sound third molars using Adper Single Bond 2 (SB, 3M
ESPE) and randomly divided into two major groups: dentin saturated with water (con-
trol) or 70 vol.% ethanol (ethanol). The teeth were divided into two subgroups: imme-
diately extracted and tested after 24 hours and extraction after 18 months. Bonded
teeth (Adper SB 2) were cut into resin—dentin sticks that were tested by microtensile
BS, and the failure mode was thereafter evaluated.

Statistical Analysis Data were statistically analyzed using two-way analysis of vari-
ance and Holm-Sidak post hoc test (o = 0.05). Additional bonded resin—dentin slabs
from each group were examined under light microscopy (LM) using the Masson’s tri-
chrome staining technique.

Results The lowest BS was obtained by ethanol pretreated dentin after aging, while
other groups presented similar BS. The LM analysis showed the presence of resin-sparse
collagen fibrils in groups examined immediately (24 hours) and the presence of several

Keywords gaps due to collagen degradation at the interfaces of ethanol pretreated aged speci-

= bond strength mens (18 months).

= ethanol wet bonding Conclusion The use of 70 vol.% ethanol in dentin before the application of a two-step

= hybrid layer etch-and-rinse adhesive should be avoided once it resulted in a significant drop on the BS.
Introduction mechanism, especially using etch-and-rinse adhesives, it

is also associated with the degradation of the resin-dentin
bonds.?>7 To simplify the application of dentin adhesives,
the two-step etch-and-rinse and one-step self-etch adhe-
sives were developed. However, they are intrinsically more
hydrophilic than the multistep versions. In fact, such hydro-
philic polymers result in significant water sorption,®® which
also cause the decrease in mechanical properties. In addition,
acid etching exposes and activates matrix metalloproteinases
in the dentin that is able to accelerate the collagen degrada-
tion promoted by water.>!®!! The residual water entrapped
surrounding the collagen fibrils may impair the diffusion of

The current concept of adhesion to dentin relies on the infil-
tration of monomers from the adhesive resin within the
etched dentin tissue (collagen mesh), to allow the formation
of the so-called hybrid layer.! The hybrid layer is consid-
ered the foremost factor to achieve high bond strength (BS)
between the restorative composite and the dentin.?® During
this process, water is responsible for maintaining the collagen
fibrils expanded that allows resin penetration and formation
of hybrid layer after the subsequent polymerization of the
resin.*> Although water has been important in this bonding

DOI https://doi.org/ ©2019 Dental Investigation License terms

10.1055/s-0039-1696584 Society
ISSN 1305-7456. @ ® @ @



138

Ethanol as Dentin Pretreatment Bonding Silva et al.

more hydrophobic monomers,'*!* potentially contributing
to a rapid resin-dentin interfacial degradation.’>'¢ Thus, the
residual water must be removed as much as possible to attain
an optimal resin infiltration.!” Solvents such as acetone and
ethanol are added to the adhesive resin blend to decrease its
viscosity as well as to facilitate the evaporation of water from
the interfibrillar spaces, thereby contributing to the forma-
tion of the hybrid layer.” Certainly, the complete removal of
this water is unattainable in user-friendly protocols.

In a clinical attempt to dehydrate the exposed collagen
fibrils, a simplified dehydration protocol applying 100 vol.%
ethanol three times for 1 minute before the adhesive appli-
cation was tested.'® Although this technique seems prom-
ising, it is still time-consuming and ethanol applied at this
concentration may not be entirely effective due to its fast
evaporation.'®

The use of 70 vol.% ethanol as a dentin pretreatment could
be useful to reduce the overall residual water content to
improve the more hydrophobic monomers infiltration'® and
potentially to attain antimicrobial properties.?

Therefore, this study aimed to evaluate clinically the effect
of such dentin pretreatment adjunctively used with a two-
step etch-and-rinse adhesive on the dentin BS and interfacial
morphology. The null hypothesis to be tested was that 70
vol.% ethanol dentin pretreatment does not interfere on the
bonding performance of a two-step etch-and-rinse adhesive.

Materials and Methods

This research protocol was approved by the appropri-
ate Institutional Research Ethics Committee (Process no.
108/10). Eight volunteers of both genders, with ages from
18 to 30 years, who presented all four sound third molars,
erupted, in function, and orthodontically scheduled for
extraction were selected for the study. After all, patients had
signed informed consent form; the clinical procedures were
performed.

Bonding Procedures

From the same patient, four teeth were randomly assigned
to receive a restorative adhesive procedure. After acid
etching, 70 vol.% ethanol was applied in two teeth (exper-
imental group), and in the control group (two teeth),
ethanol was not applied. From each treatment, one tooth
was extracted immediately (24 hours) and another tooth

Table 1 Materials used in the study

extracted at 18 months. The same clinical procedures were
performed for all teeth: local anesthesia using anesthetics
without vasoconstrictor (MEPISV 3%-DFL, Rio de Janeiro,
Brazil), rubber dam isolation, and Class I cavity prepara-
tion for composite resin, with continuous enamel cavo-
surface margins using diamond burs #3131 (KG Sorensen,
Sdo Paulo, Brazil) underabundant water cooling. To obtain
standardization, the depth of the cavities was controlled
using the half-length of the diamond burs as a reference
(4 mm) in the central sulcus, following the long axis of the
teeth and the intercuspal distance controlled the width.
The teeth were radiographically examined prior cavities
preparation to avoid the use of teeth with morphological
defects or caries. A single trained operator performed all
the restorative procedures. Cavities were etched with 35%
phosphoric acid (Scotchbond Etchant; 3M-ESPE, St. Paul,
Minnesota, United States) for 15 seconds and thoroughly
rinsed with water for 15 seconds. The excess of water was
removed with absorbent papers (Mellita; Sao Paulo, Brazil)
according to the etch-and-rinse technique. Afterward, the
experimental groups were saturated with 70 vol.% etha-
nol for 20 seconds. In all groups, the two-step etch-and-
rinse adhesive Adper Single Bond (SB) 2 (3M/ESPE, St. Paul,
Minnesota, United States) was applied to the cavity walls
and light activated with a halogen lamp for 10 seconds
(Optilux 500; Kerr, Danbury, Connecticut, United States)
at 600 mW/cm?, as periodically controlled by a radiome-
ter (Demetron; Kerr). The buildups were constructed with
a resin composite shade A2 (Filtek Z350 XT; 3M/ESPE, St.
Paul, Minnesota, United States) in 1 mm-thick increment;
light-activated for 20 seconds each. The commercial brand,
components, mode of application, and manufacturers of
the materials used in the study are presented in =Table 1.

The volunteers were informed about the oral hygiene
and teeth were periodically followed up clinically and
radiographically.

Microtensile Bond Strength

Teeth were collected, using the minimal traumatic tech-
nique of extraction to avoid damages to dental structures.
Bonded teeth were cut into beam-shaped specimens with a
cross-sectional area of ~0.8 mm? using a slow-speed water-
cooled diamond saw (Isomet 1000, Buehler. Lake Bluff, Illi-
nois, United States). Each beam was measured with a digital
caliper (Absolute Digimatic, Mitutoyo, Tokyo, Japan), fixed

Commercial brand Main components Mode of application Manufacturer
Adper Single Bond 2 Ethanol, Bis-GMA, HEMA, Apply one layer of adhesive, 3M/ESPE
GDMA, polycarboxylic acid wait for 20 s, air stream for 5
copolymer, UDMA, water, CQ, | s, and polymerize for 10 s
EDMAB, DP1FHP
Scotchbond Etchant 35% phosphoric acid, water, Apply a layer for 15 s and wash | 3M/ESPE
silica for15s
Filtek Z350 XT Bis-GMA, UDMA, Bis-EMA, Apply increments of 2 mm 3M/ESPE
TEGDMA resins, zirconium, and polymerize for 20 s
silica
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to a test apparatus (Bencor Multi-T Device-Danville Engi-
neering, San Ramon, California, United States) using cya-
noacrylate glue (Zapit, Dental Ventures of America, Coro-
na, California, United States), submitted to microtensile BS
(UTBS) test in a universal testing machine (Instron 4411,
Canton, Ohio, United States), and stressed until failure with
a tensile force at a speed of 1 mm/min; data were collect-
ed in MPa. The data (MPa) attained from the beams of the
same resin-bonded tooth were averaged and the mean BS
was used as 1 unit for statistical analysis. Immediately after
testing, the debonded beams were dried and stored at room
temperature until analysis of the fracture pattern using a
stereomicroscope (Stemi 2000-C, Carl Zeiss Jena GmbH,
Germany) at x50 magnification. Failure mode was classified
as cohesive failure in dentin, cohesive in resin, adhesive (A),
or mixed failure (M).

Statistical Analysis

The Statistical Package for the Social Sciences version 17.0
(SPSS, Chicago, Illinois, United States) software was used
to perform the statistical analysis. A two-way analysis of
variance (ANOVA) was applied to the uTBS data to analyze
the factors “dentin pretreatment” (water versus ethanol)
and “aging” (24 hours vs. 18 months), complemented by
Holm-Sidak multiple comparison post hoc test (p < 0.05). The
significance level was set at a = 0.05 and statistical unit was
tooth (n = 4). Premature failures were noted, but not included
in the data analysis.

Light Microscopy—Masson’s Trichrome

One tooth from each group was sectioned in only one
direction to obtain 1-mm thick dentin-resin slabs,
which were fixed on a glass holder with cyanoacrylate
glue (Super Bonder Flex Gel—Henkel Ltd. Diisseldorf,
Germany) and polished with SiC papers on increasing fine
grits (800, 1000, 1200, and 2500) under running water
(Buehler, Lake Bluff, Illinois, United States), reducing the
slabs to ~150 um in thickness. After polishing, the specimens
were treated with Masson’s trichrome staining technique
as previously described.?! This staining technique has high
affinity for cationic elements normally found in mineralized
type I collagen, resulting in the blue color. The acid etching
of dentin causes the removal of these cationic elements and

Table 2 Bond strength and distribution of failure modes
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exposes collagen fibers showing a red pigmentation. These
exposed collagen fibrils showed in the light microscopy
(LM) images, represented by a thin red-colored layer at the
HL, is called “red zone.” Using this microscopic technique,
lower incidence of red zones at the interface indicates less
denuded collagen fibrils.""*> The composite resin usual-
ly stains in beige color. After all staining procedures, the
specimens were covered with a glass coverslip and analyzed
under LM at x400 magnification (Olympus BH-2, Tokyo,
Japan). The evaluation of Masson'’s trichrome was performed
qualitatively.

Results

Microtensile Bond Strength

Two-way ANOVA test showed there is a statistically signif-
icant interaction between treatment and aging (p = 0.008).
Holm-Sidak multiple comparison post hoc test showed
that the BS was not affected by ethanol pretreatment
24 hours after restoration (p = 0.430). After 18 months,
no BS reduction was observed in water-saturated dentin
(p = 0.096), but a significant drop in BS was attained using
ethanol pretreatment (p < 0.001), with a statistically signif-
icant difference between the two dentin treatments after
aging (p < 0.001). Mixed failures (M) were the most com-
mon fracture pattern observed in all groups. In the ethanol
groups, adhesive failures (A) were three times more frequent
after 18 months than in 24 hours. In the control groups, this
failure pattern remained predominant. Mean BS, standard
deviations, and failure mode distribution are summarized in
=Table 2.

Light Microscopy: Masson’s Trichrome

LM showed resin-sparse collagen fibrils within the
resin—dentin interfaces in immediate groups, demonstrated
by the red zones (=~Figs. 1A, C), with greater intensity in the
group treated with ethanol. For the aged groups (18 months),
the group treated with water showed some isolated, discrete,
and less colored red zones at the bonded interface and white
zone suggesting the absence of either polymers or collagen
fibrils that were likely degraded (=Fig. 1B), while the group
treated with ethanol showed no red zone but white zone
(=~Fig. 1D).

uTBS (MPA)? Failure modes (%)®
24 hours 18 months
24 hours 18 months | CD CR M A cD CR M A
Control 31.7(3.9" | 31.5(3.8" | 9 18 61 12 9 12 65 | 14
v7]
Ethanol 30343 | 21.9(3.2)° | 4 6 83 7 5 6 68 | 21

*Bond strength values are means (SD). Different superscripts indicate statistically significant difference (p < 0.05).
®Failure modes pattern: CD, cohesive failure in dentin; CR, cohesive failure in resin; M, mixed failure; A, adhesive failure; uTBS, microtensile bond

strength, SD, standard deviations).

Note: Different subscript letters indicate statistically significant difference (p < 0.05).
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Fig. 1 Light micrographs Masson’s trichrome of resin-dentin inter-
face: (A) Control immediate; (B) control aged; (C) ethanol immedi-
ate; (D) ethanol aged. a, adhesive; d, dentin; r, resin. Arrows—red
zone, indicating the presence of denuded collagen fibrils; Pointers—
white zone indicating the absence of both polymer or exposed colla-
gen fibril, suggesting degradation of resin-dentin interface

Discussion

Based on the outcomes aforementioned, the null hypothesis
was rejected once ethanol pretreated dentin showed a signif-
icant decrease in the BS after 18 months in clinical function.

The residual water in the dentin matrix and the hydro-
philic domains of contemporary dental adhesives make
the hybrid layer behave as a semipermeable membrane,
which permits water permeation through the bonded inter-
face even after polymerization.>*® By dentin acid etching,
the etchant dissolves interfibrillar apatite crystallites and
exposes the collagen, creating spaces between and inside
the collagen fibrils.!® Several authors have reported that the
presence of a hydrogel composed of proteoglycans in these
spaces.?2% Studies affirm that the presence of this hydrogel
may interfere with monomer infiltration during bonding,
and the removal of water from these spaces results in hydro-
gel collapse.523° The solvated resins of contemporary two-
step etch-and-rinse adhesives do not remove all the resid-
ual water from the interfibrillar spaces,?*!*? leaving small
amount of water into the partially demineralized dentin that
may hinder the hydrophobic comonomer blend to optimally
coat the exposed collagen.?'*3 Based on the solubility param-
eters theory of Hansen,*¢ ethanol is miscible with both
hydrophobic monomers and water, which makes this sub-
stance an appropriate alternative to facilitate the penetration
of hydrophobic monomers into a water-wet substrate.?® The
so-called ethanol-wet-bonding technique relies on filling
spaces between the fibrils with ethanol,” thereby replacing
all water in the partially demineralized dentin by ethanol.*®
It may permit hydrophobic comonomer blend to infiltrate
the spaces along the etched substrate properly, providing less
resin-sparse collagen, and consequently durable resin-dentin
bondS‘19,39,40

Experiments with different concentrations of etha-
nol have been applied in a simplified protocol, also using
70 vol.% and 100 vol.%.'%3°4! However, when a simplified
protocol is applied using ethanol at high concentration
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(i.e., 100 vol.%), the replacement of water may not be total-
ly efficient to promote a completely saturated substrate,
resulting in relatively low infiltration of hydrophobic mono-
mers.'4042 A suitable explanation for this occurrence could be
the high vapor pressure of 100 vol.% ethanol, which is almost
three times higher than that of water.>” In spite of 70 vol.%
ethanol has a relatively high volatility, the presence of water
in its composition decreases its evaporation time and vapor
pressure in comparison with 100 vol.%, thereby facilitating
the exchange of water and the maintenance of interfibrillar
spaces.'® Yet, water facilitates the passage of ethanol through
the bacterial cell wall that attains its well-known antibacte-
rial properties.?’ Moreover, 70 vol.% ethanol dentin pretreat-
ment showed a significant increase on the initial BS of Adper
SB 2 (unpublished observations, 2013). Therefore, 70 vol.%
ethanol could be a feasible alternative as a dentin pretreat-
ment as used in this study.

In spite of using ethanol, our study did not apply the eth-
anol-wet-bonding technique, but rather a simple protocol
(70 vol.% ethanol for 20 second of dentin pretreatment) to
advocate the well-known characteristics of ethanol. The
immediate results were promising, showing ethanol with
similar BS of the control group. Nevertheless, the amount of
red zone (resin-sparse collagen) was lower in the water-treat-
ed group (=Fig. 1A). However, when the ethanol pretreat-
ment was used in such an adverse situation as clinical func-
tion aging (18 months), the results were discouraging once
the BS strikingly decreased and the resin-dentin interface
was severely degraded (=Fig. 1D). The negative outcomes
of ethanol pretreated aged group could be explained by the
ineffectiveness of 70 vol.% ethanol to remove all residual
water from the interfibrillar spaces. One the contrary, the
amount of water in its composition may have increased the
moisture of the partially demineralized substrate, impairing
an efficient coating of the exposed collagen fibrils by resin
(represented by the increase in the red zones) (=Fig. 1C) and
jeopardizing the solvent evaporation.

Our findings are in accordance with those of Huang et al*
and de Barros et al,* who found a decrease on the BS and
significant collagen degradation in specimens pretreated
with 100 vol.% ethanol and submitted to thermocycling or
immersion in NaOCl. Conversely, Hosaka et al,*> Pashley et al*’
and Carvalho et al,* showed a strong increase in BS using the
ethanol-wet-bonding technique. Although Pashley’s in vitro
study®” had been performed using a macromodel of hybrid
layer, differently from an in vivo study, in which some vari-
ables are difficult to control such as thickness of the smear
layer, cavity preparation, dentin moisture, and intrapulpal
pressure.*4” However, in a clinical situation, resin-dentin
interfaces are only partially in contact with environmental
fluids, since outer resin-bonded enamel has been shown to
prevent water uptake.'?4546 [n such circumstances, these res-
in-dentin bonds may come in contact with fluids in vivo only
through pulpal pressure through the dentinal tubules* or by
residual water in etched and rinsed dentin.*

White spaces found in the resin—-dentin interfacial micros-
copies after aging, where there was the red zone staining
(=Figs. 1B and D), suggest the breakdown of resin-infiltrated



dentin*® and/or collagenolytic degradation, which may be
governed by host-derived factors, such as the action of endog-
enous collagenolytic enzymes on partially exposed collagen
fibrils."> Nevertheless, the ethanol pretreatment resulted in
a significant decrease on BS in the long term that was not
observed using water (control). Furthermore, the ethanol
aged group (18 months) showed an increase in adhesive fail-
ures (=Table 2) when compared with ethanol immediate
(24 hours), which is another indication of resin-dentin deg-
radation. It may be suggested that the disappearance of res-
in-sparse collagen layer as aforementioned and the appear-
ance of gaps in the hybrid layer may have contributed to
achieving this lower BS (=Table 1). However, the correlation
between the decrease on BS and these gaps at the resin-den-
tin interface is complex and still unclear as discussed in the
previous publication.?

Finally, further research is required to explain the many
possible reasons for the degradation promoted by 70 vol.%
ethanol dentin pretreatment.

Conclusion

Within the limitations of this in vivo study, the following
conclusions may be drawn:

1. Dentin saturation with ethanol 70 vol% before the
application of a two-step etch-and-rinse adhesive does
not afford any improvement on the initial BS.

2. Ethanol saturation of dentin with ethanol 70 vol%
jeopardizes the long-term bonding depicting interfa-
cial degradation of simplified etch-and-rinse adhesive,
thereby suggesting it should not be applied clinically.
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