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Abstract

Objective—To evaluate the short-term response of human pulps to ethanol-wet bonding
technique associated with an etch-and-rinse adhesive system.

Methods—Deep class V cavities were prepared on the buccal surface of 17 sound premolars
scheduled for extraction for orthodontics. The teeth were assigned into three groups: Ethanol-wet
bonding (G1), water-wet bonding (G2) and calcium hydroxide (G3, control). Two teeth were used
as intact control. After acid-etching, the cavities from G1 were filled with 100% ethanol for 60s
and blot-dried before the application of Single Bond 2. In G2, the cavities were filled with distilled
water for 60s previously to adhesive application and in G3, the cavity floor was lined with calcium
hydroxide before etching and bonding. All cavities were restored with resin composite. The teeth
were extracted 48h after the clinical procedures. From each tooth 6 pm-thick serial sections were
obtained and stained with hematoxylin and eosin (H/E) and Masson's trichrome. Bacteria
microleakage was assessed using Brown & Brenn. All sections were blindly evaluated and scored
for five histological features.

Results—Mean remaining dentin thickness was 463+65um (G1); 425£184um (G2); and
348+194um (G3). Similar pulp reactions followed ethanol- or water-wet bonding techniques.
Slight inflammatory responses and disruption of the odontoblast layer related to the cavity floor
were seen in all groups. Stained bacteria were not detected in any cavities. Normal pulp tissue was
observed in G3 except for one case.

Conclusions—After 48 h, ethanol-wet bonding technique applied on deep cavities prepared in
vital teeth does not increase pulpal damage compared to water-wet bonding technique.

Clinical significance—Ethanol-wet bonding has been considered an experimental technique
that may increase resin-dentin bond durability. This study reported the in vivo response of human
pulp tissue when 100% ethanol was applied previously to an etch-and-rinse simplified adhesive
system.

Keywords
Ethanol; dentin bonding agent; dental pulp; biocompatibility

INTRODUCTION

Resin-dentin bonds created by etch-and-rinse adhesives rely on the interlock between
collagen network and polymerized monomers.! After acid-etching, the demineralized dentin
zone is composed by 30% organic content and 70% water. Theoretically, adhesive
monomers should replace water and encapsulate 100% of collagen fibrils, resulting in a
hybrid layer constituted by 30% collagen and 70% resin.2 However, dimethacrylates
monomers such as Bis-GMA, TEGDMA and UDMA are not soluble in water, what results
in incomplete infiltration and phase separation of adhesive into the hydrated organic matrix
of dentin.2"> The non-infiltrated areas of collagen are susceptible to hydrolytic degradation
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mediated by water and the proteolytic hydrolases, matrix metalloproteinases (MMPs) and
cysteine cathepsins over time, compromising the stability of the adhesive interface.6-11

The incorporation of hydrophilic resins into adhesive systems, such as
hydroxyethylmetacrylate (HEMA), favors resin infiltration since this monomer is highly
soluble in water.3:12-14 Nevertheless, the increased hydrophilicity of the adhesives may lead
to a rapid decrease of their mechanical properties due to the water sorption that lowers the
mechanical properties of adhesive resins, high water sorption15-18 and water
permeability,19-20 culminating in a unstable hybrid layers.1421.22

Dehydration of demineralized dentin prior to the application of adhesive monomers may
favor dimethacrylates infiltration by removing excess water around collagen and creating a
more hydrophobic environment.23 However, when the demineralized dentin is dehydrated
by air evaporation, the collagen network collapses and lowers monomer permeation due to a
drastic reduction of the size of interfibrillar spaces.2:23 However, if the dehydration is done
using ethanol, the collagen becomes stiffer allowing the collagen network to remain
expanded, preserving the interfibrillar diffusion pathway for adhesive infiltration.2:24

Ethanol is an organic solvent that can be used as a pretreatment of acid-etched dentin before
application of etch-and-rinse adhesive systems (ethanol-wet bonding) that removes free and
bound water.10:14.23.25.26 Additionally, it reduces the diameter of collagen fibrils, increasing
interfibrillar spaces.23:26 These modifications favor dimethacrylate monomer infiltration,
prevent phase separations, and since there are no water molecules available, prevent the
cleavage of collagen by hydrolases, such as MMPs and cathepsins.2427

The ethanol-wet bonding technique produces more stable resin-dentin bonds2728 capable of
sealing the dentin,29 increasing bond strengths3.26 and favoring the infiltration of Bis-
GMA .30 Furthermore, this technique can improve bonding to caries-affected dentin.3!
Although, ethanol-wet bonding has achieved promising results in vitro, it has still been
considered an experimental technique by some authors32 and the effects of the chemical
dehydration of dentin with this polar solvent on pulp tissue has not been tested. Thus, the
aim of this study was to evaluate the short-term response of human pulps after adhesive
restoration of dental cavities in normal dentin using the ethanol-wet bonding technique. The
tested null hypothesis was that ethanol-wet bonding produces no adverse effects on human
pulp tissue.

MATERIALS AND METHODS

Seventeen caries-free human maxillary first premolars in functional occlusion and scheduled
to be extracted for orthodontics reasons were selected from young patients (mean age
16+1.3 years). The parents as well as the volunteers, after reading and receiving all
necessary explanations including the experimental rationale, the clinical procedures and
possible risks, signed the informed consent document that was approved by the IRB of
Georgia Regents University.

The radiographs used in the orthodontics treatment were used to initially evaluate the
possible presence of proximal caries or any potential periapical pathology. As a common
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diagnostic procedure for tooth extraction, periapical radiographs were also taken
immediately before the extraction of each tooth. Asepsis of the oral mucosae was performed
with 0.12% chlorhexidine solution before the delivery of local infiltration anesthesia. After
cleaning the tooth with rubber cup/pumice slurry and rubber dam placement, class V cavities
were prepared on the buccal surface using a diamond bur in a high-speed hand-piece under
copious water-cooling by one operator. In order to standardize the cavity to a preset depth,
cylindrical diamond burs (#1091, KG Sorensen, Cotia, SP, Brazil) had their active tip
limited to 2.5 mm with a resin top.33 The bur was replaced after each four cavity
preparations to avoid excessive heating due to loss of cutting efficiency. The final
dimensions of the buccal cavities were 3.0 mm in length, 2.5 mm in depth, and 1.5 mm in
height with no undercuts. The teeth were randomly allocated into four groups (Table 1)
using a table of random numbers. Additionally, two sound teeth were used as intact control
group. They were demineralized and processed for light microscopy.

In Groups 1 and 2, enamel and dentin were conditioned with 35% phosphoric acid
(Scotchbond Etchant, 3M ESPE, St. Paul, MN, USA) for 30 and 15 seconds, respectively.
After etching, the cavities were rinsed thoroughly with water for 30 seconds in order to
remove residual acid and its reaction products. All cavosurface margins were in enamel. The
cavity walls were gently blot-dried with sterilized absorbent paper to remove excess water.
In Group 1, 10 pL of 100% ethanol solution (Sigma-Aldrich, St Louis, MO, USA) were
applied in the cavity and left undisturbed for 60 s. During that time, it was constantly
checked to insure that the ethanol did not evaporate. The first layer of Adper Single Bond 2
(3M ESPE, St. Paul, MN, USA) adhesive system was applied to enamel and dentin and
rubbed for 15 s according to the manufacturer's recommendations. Then a second layer was
applied, followed by gentle blot-drying with an oil-free stream of air (5 s at 10 cm of
distance) and light-activation for 10 seconds (XL1000 Curing Light, 3M ESPE). In Group 2,
instead of ethanol, 10 uL of distilled water were applied in the cavity and left undisturbed
for 60 seconds. The following steps were the same described previously for the ethanol-wet
bonding group (G1). In Group 3 (control), the cavity floor was lined with a hard-setting
calcium hydroxide cement (Dycal® - Dentsply Caulk, Milford, DE, USA) before enamel and
dentin acid etching and application of the adhesive system, as described above.

All cavities were restored to the enamel cavosurface margin with Filtek Z350 resin
composite (3M ESPE, St. Paul, MN, USA) applied in three increments which were
individually light-activated for 20 s. A radiometer (Demetron/Kerr — Model 100P/N 10503,
Danbury, CT, USA) was used to check the curing light irradiance immediately before each
clinical procedure (540+10 mW/cm?2). When necessary, any excess material at the cavity
margins, specially the cervical margin, was mechanically removed using a fine grit diamond
bur at high speed under abundant water-cooling.

Forty-eight hours after the clinical procedures the teeth were extracted under local
anesthesia with the use of forceps placed as apically as possible. Immediately after
extraction, the roots were sectioned midway between the CEJ and the root apex with a high-
speed handpiece under water spray to facilitate the penetration of fixative. The teeth were
stored for 48 hours in 10% formalin fixative solution at pH 7.2, decalcified in buffered
formic acid/sodium formate (0.2 M formic acid, 0.2 M sodium formate pH 2.3) changed

J Dent. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scheffel et al.

RESULTS

Page 5

every day, dehydrated, vacuum-infiltrated with paraffin wax and finally embedded in
paraffin. The demineralization buffer was tested every day by adding 1 mL of 10%
dipotassium oxalate to 1 mL of the demineralized buffer to determine if calcium was still
coming out of the tooth. Calcium ions react with soluble potassium oxalate to form insoluble
calcium oxalate that produces a white precipitate in the mixture. Generally, after 5-7 days,
the potassium oxalate no longer produced a white precipitate that was positive for the
presence of calcium. Six pm-thick serial sections, mounted on glass slides, were stained with
hematoxylin and eosin (H/E) and Masson's trichrome. Bacteria were evidenced using the
Brown & Brenn staining technique.

As previously reported33-3% all sections were evaluated blindly by one experienced examiner
for five histological features according to the preset criteria given in Table 2. The pulpal
response was evaluated by light microscopy (Carl Zeiss 62774, Oberkdchen, West
Germany).

The remaining dentin thickness (RDT) between the cavity floor and the pulp chamber was
measured for each tooth using a light microscope (Carl Zeiss, Jena, Germany) connected to
a video-camera (Samsung Digital Camera — SSC/131, Samsung Electronics Co. Ltd., Korea)
as previously reported.36 The photomicrographs were loaded into a computer and processed
using a standard software (ImageLab, Softium Informatica, Sdo Paulo, Brazil). RDT data
was statistically analyzed by Kruskal-Wallis test considering 5% as a preset level of
significance (a=0.05).

The radiographic evaluation of all teeth used in the study demonstrated no periapical
pathology before the clinical procedure and extraction. During the experiment, the patients
reported no symptoms, including pain. The scores observed for each criterion according to
groups are shown in Table 3 and the remaining dentin thickness (RDT) data are presented in
Table 4.

Group 1: Ethanol-wet bonding

Forty-eight hours after the clinical procedure the odontoblast layer adjacent to the cavity
floor was disrupted, in all six specimens, characterizing a superficial discrete pulp tissue
disorganization. In these samples, a mild inflammatory response mediated by mononuclear
cells and a number of congested small blood vessels were seen (Figures 1, 2 and 3). In all
histological sections stained with Brown and Brenn, no bacteria were seen. Additionally, no
dentin matrix deposition was observed. The RDT mean value for this group was 46365 um.

Group 2: Water-wet bonding

In this group, disruption of the odontoblast layer related to the cavity floor was observed in
five of the six samples. In the superficial area of the pulp tissue, a mild inflammatory pulp
response mediated by mononuclear cells associated with a number of congested small blood
vessels was seen. In only 1 sample, in which the RDT between the cavity floor and the pulp
tissue was 78 pm, inner dentin resorption was observed (Figure 4). As recorded for Group 1
(ethanol-wet bonding), no bacteria leakage was evidenced in all histological sections stained
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with Brown and Brenn in group 2 specimens. In addition, no dentin matrix deposition was
observed (Figure 5). The mean RDT for this group was 425184 um. Representative
histological sections are shown in Figure 7.

Group 3: Calcium hydroxide (Dycal)

In this group, slight disruption of the odontoblast layer related to the cavity floor was
observed in only one sample, in which the RDT between the cavity floor and the pulp tissue
was 226 pm. In this specific sample, a mild inflammatory pulp response associated with
discrete superficial disorganization of the pulp tissue was observed. In the other two samples
in which the RDT was 419 um and 401 um, no inflammatory reaction or pulp tissue
disorganization occurred. The RDT recorded for this group was 348+194 um. No bacteria
were seen in any of the sections.

In the intact control group, the pulp tissue exhibited normal histological characteristics. The
predentin was lined by a continuous odontoblast layer and the well-defined cell-free and
cell-rich zones were clearly observed (Figure 6A/B). These histological findings
demonstrate that the adequate laboratorial process of teeth used in this in vivo study which
allowed appropriate microscopic assessment of the pulp response caused by the
experimental clinical procedures carried out.

DISCUSSION

The ethanol-wet bonding concept was introduced in 2007 in order to enhance monomer
infiltration through demineralized collagen network and improve resin-dentin bond
durability.14.24 The saturation of dentin with ethanol allows an increased amount of
hydrophobic monomers to infiltrate the demineralized dentin,3C creating a hybrid layer more
resistant to water sorption.24 Additionally, it has been shown that the saturation of 0.4 mm
etched dentin disks with 100% ethanol did not cause transdentinal cytotoxic effects to
cultured odontoblast-like cells.3

In the present study, two intact premolars were used to determine the quality of fixation and
laboratory tissue processing techniques on pulpal tissues, as well as a baseline to establish a
standard of comparison between the healthy tissue and the any alterations produced by the
procedure and materials used (Figure 6A/B). It is known that thermal and non-thermal
stimuli generated by burs operated in high-speed handpieces38-40 may produce severe pulpal
responses.38:39 In the present study, slight inflammatory cell infiltrate was observed in only
one tooth treated with the hard-setting calcium hydroxide cement (G3), in which no
reactionary dentin formation or stained bacteria were found. The absence of histological
changes in most of the teeth pertaining to this control group shows that when the cavity
preparation is properly performed using new burs, intermittent cutting and abundant water
cooling changes to pulp tissue are not expected. The only tooth that underwent pulp
alterations presented a very thin remaining dentin thickness (RDT= 226 pm).

None of the experimental specimens exhibited moderate to severe inflammatory cell
infiltrate or pulp necrosis. All teeth subjected to ethanol-wet bonding technique (G1)
exhibited mild inflammatory response, comparable to the inflammatory response seen when
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the water-wet bonding technique was used (G2). These findings suggest that although
ethanol is able to enhance in vitro monomeric infiltration,14:29:30 the ethanol-wet bonding
technique used in the present study did not worsen pulpal damage compared to the water-
wet bonding treatment performed in vital human teeth. These results require acceptance of
the null hypothesis that ethanol-wet bonding produces no adverse immediate effects.

The average of remaining dentin thickness for Groups 1 and 2 were 463+65um and
425+184um, respectively. It is known that the mineralized dentin, even at a thickness as thin
as 0.5 mm, works as a barrier capable of protecting the pulp against toxic components
released from dental materials.*143 However, it has been reported that the monomer
diffusion promoted by ethanol-wet bonding increases necrotic odontoblast-like cell death in
vitro.3” This laboratory finding was confirmed in the present study, in that disruption of the
odontoblast layer was observed for both water-wet and ethanol-wet bonding groups, that had
statistically similar mean RDT. That fact simply confirms that the immunological and
lymphatic systems in the pulp-dentin complex, as well as the intrapulpal pressure present in
vital pulps are not capable of preventing the mild cytoxicity reactions caused by dental
adhesives applied in very deep dentin.36 On the other hand, the subjacent pulp tissue
exhibited normal histological characteristics, what determined that the adhesive techniques
evaluated in the present study caused only superficial tissue damage at short-term period (48
hours) which was not enhanced by the treatment of dentin with 100% ethanol. Based on this
immediate response, we speculate that the pulp tissue would completely recover from the
mild injury imposed by the bonding treatments. However, that assumption has yet to be
proven by further long-term studies.

In this study, very deep cavities (RDT<500 um) were prepared in dentin, where application
of dental adhesives without prior protection of the dentin-pulp complex is not
recommended.33-36.44 The thin RDT offered a major challenge in terms of biocompatibility
and yet the saturation of etched dentin with 100% ethanol and the subsequent application of
the dental adhesive did not cause intense damage or necrosis of the pulp tissue. Based on the
results obtained in the present in vivo study, it appears that the ethanol-wet bonding
technique may be safely applied in medium or shallow cavities. However, it is important to
bear in mind that this study was performed in sound human teeth. In clinical situations,
adhesive restorations are usually performed in cavities following mechanical caries removal.
The use of the ethanol-wet bonding in teeth in which an inflammatory reaction is already
established in the pulp tissue may result in different outcomes. Therefore, further in vivo
studies are needed to assess the response of inflamed human pulps of carious teeth subjected
to adhesive restoration using the ethanol-wet bonding technique. This will determine if the
initial mild superficial damage is increased or resolved over time. The next step should be
the evaluation of the clinical performance of resin dentin bonds produced using the ethanol-
wet bonding technique in controlled clinical trials.

CONCLUSION

According to the methodology employed in this study, it may be concluded that after 48
hours the ethanol-wet bonding technique used for adhesive restoration of deep cavities
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prepared in vital human teeth produced only mild pulp injury that was similar to the pulpal
damage produced by contemporary water-wet bonding technique.
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Fig. 1.

G?oup 1: Ethanol-wet bonding (RDT = 562 um). A — Relationship between the class V
cavity prepared in the premolar and the subjacent pulp tissue H/E, 32x. B — High
magnification of the pulp area selected in the figure 1A. H/E, 64x. C — Detail of the
connective pulp tissue selected in Figure 1B. Discrete inflammatory response mediated by
mononuclear cells among small congested blood vessels is observed. H/E, 250x.
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Fig. 2.
Group 1: Ethanol-wet bonding (RDT = 453 um). A — Relationship between the class V

cavity and the pulp tissue. Masson's trichrome, 32x. B — Higher magnification of the area
selected in Figure 2A. Note the transition between pulp areas related and not related to the
cavity floor. Only in the upper part of the photomicrograph a continuous odontoblast layer is
observed. Masson's trichrome, 64x. C — Detail of the pulp area related to the cavity floor.
Note the complete disruption of the odontoblast layer. Discrete local tissue disorganization
associated with mild inflammatory response. Masson's trichrome, 250x.
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Fig. 3.
Group 1: Ethanol-wet bonding (RDT = 378 um). A - Relationship between the class V

cavity and the pulp tissue. Masson's trichrome, 32x. B — Higher magnification of the area
selected in Figure 3A. Note the transition between the pulp areas related or not to the cavity
floor. C — Detail of the area where the tubules affected by the procedure terminate into the
pulp. Note the disruption of the odontoblast layer characterizing the discrete local tissue
disorganization and the mild local inflammatory response. Masson's trichrome, 250x.
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Fig. 4.

G?oup 2: Water-wet bonding (RDT = 78 um). A - A very thin remaining dentin between the
dental cavity and the pulp tissue is observed. H/E, 32x. B — Higher magnification of the pulp
area selected in Figure 4A. The empty space between the pulp tissue and the dentin is a
histologic artifact. H/E, 64x. C — Detail of the pulp area selected in Figure 4B. Disruption of
the odontoblast layer and mild inflammatory pulp response is observed. H/E, 250x.
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Fig. 5.

G?oup 2: Water-wet bonding (RDT =578 um). A — Buccal pulp horn related to the cavity
floor. H/E, 32x. B — Higher magnification of the pulp area selected in Figure 5A. A
shrinkage artifact is present, but the picture allows recognition of the lack of odontoblasts in
the affected area. H/E, 64x. C — Detail of the pulp area selected in Figure 5B. Note mild
local inflammatory pulp response. H/E, 250x.
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Fig. 6.

Intact Control Group. A - Tubular dentin (D) and predentin (PD) lined by a continuous
odontoblast layer (arrows) can be observed. H/E, 96x. B - Pulp tissue exhibiting normal
histological characteristics. H/E, 250x.

J Dent. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Scheffel et al.

Table 1
Group description and number of teeth per group
Groups Treatment n
Ethanol-wet bonding (Group 1) Total etching + ethanol + bonding agent + resin restoration 6
Water-wet bonding (Group 2) Total etching + water + bonding agent + resin restoration 6
Calcium hydroxyde (Group 3)  Dycal as liner + total etching + bonding agent + resin restoration 3
Intact teeth No treatment 2
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Description and scores attributed to the histological features

Table 2

Page 18

Histological features

Score
Inflammatory cell response Tissue disorganization Reactionary dentin formation Stained bacteria
0 None or a few scattered inflammatory ~ Normal tissue Absence Absence
cells present in the pulp area
corresponding to the axial wall,
characteristic of normal tissue
1 Slight inflammatory cell infiltrate Odontoblastic layer Modest hard tissue deposition Presence of stained
with polymorphonuclear (PMNs) or disorganized but central beneath the axial wall bacteria along the
mononuclear leukocytes (MNLSs) pulp normal cavity lateral wall
2 Moderate inflammatory cell infiltrate ~ Total disorganization of Moderate hard tissue deposition Presence of stained
involving the coronal pulp the pulp tissue beneath the axial wall bacteria along the
morphology cavity lateral walls and
axial wall
3 Severe inflammatory cell infiltrate Pulp necrosis Intense hard tissue deposition Presence of stained

involving the coronal pulp or
characterizing abscess

beneath the axial wall

bacteria along the
cavity wall and within
the cut dentin tubules
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Histological score distribution within each group.

Histopatologic event

Group

Inflammatory cell response

Tissue disorganization

Reactionary dentin formation

Stained bacteria

Ethanol-wet bonding
Water-wet bonding
Calcium hydroxide
Ethanol-wet bonding
Water-wet bonding
Calcium hydroxide
Ethanol-wet bonding
Water-wet bonding
Calcium hydroxide
Ethanol-wet bonding
Water-wet bonding

Calcium hydroxide

Ww oo O W o o N B O N B OO

Table 3
Score
Total

1 2 3

6 0 O 6
5 0 0 6
1 0 0 3
6 0 O 6
5 0 0 6
1 0 0 3
0 0 O 6
0 0 O 6
0 0 O 3
0 0 O 6
0 0 O 6
0 0 O 3
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Table 4

Remaining dentin thickness (RDT) in micrometers (um).

Teeth
Group Meanzsd
1 2 3 4 5 6
Ethanol-wet bonding 562 378 453 431 443 512 2634652
Water-wet bonding 445 78 578 566 491 393 225+1842
Calcium hydroxide 419 226 401 - - - 348+1942

ameans followed by the same letter do not differ statistically (Kruskal-Wallis, p>0.05).

J Dent. Author manuscript; available in PMC 2016 May 01.

Page 20



