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Abstract This study evaluated protocols to eliminate
acetone from dental adhesives and their effect on the
kinetic of water sorption and percent of conversion of these
adhesives. Experimental methacrylate-based adhesives
with increasing hydrophilicity (R2, R3, R5) were used as
reference materials. Primer-like solutions were prepared by
addition of 50 wt% acetone. Acetone elimination was
measured gravimetrically before and after: a spontaneous
evaporation, an application of air-drying at room
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temperature or application of 40°C air-drying. Protocols
were performed from 15 to 60 s. Specimens of adhesive/
acetone mixtures were photo-activated and tested for
degree of conversion, water sorption and solubility. Data
were analyzed by ANOVA and Bonferroni’s tests
(¢ = 0.05). Complete acetone elimination was never
achieved, but it was significantly greater after the 40°C air-
drying application. Higher acetone elimination was
observed for the least hydrophilic adhesive. Longer periods
for acetone evaporation and heated air-stream can optimize
polymerization and reduce the water sorption/solubility of
adhesive system models.

1 Introduction

The water-wet bonding technique has been considered a
universal procedure for coupling resin composites to dentin
via hybridization with etch-and-rinse adhesives. In con-
temporary dental adhesives, high concentrations of rela-
tively hydrophilic methacrylate monomers (i.e. hydroxy
ethylmethacrylate (HEMA); 3,3'-dimethacryloyloxyethyl
ester of 3,4,3'.4'biphenyltetracarboxylic acid (BPDM) are
generally blended with relatively hydrophobic adhesive
monomers (i.e. 2,2-bis(4-2-hydroxy-3-methacryloyloxy
proproxyphenyl)propane (Bis-GMA) to enhance bonding to
water-wet dentin [1-4]. To facilitate the mixing of hydro-
philic with hydrophobic monomers and to avoid phase sep-
aration between these components, manufacturers have also
added volatile solvents such as ethanol or acetone when
formulating dental adhesives. Since these organic solvents
exhibit higher vapor pressure than water, they are thought to
be essential in facilitating the displacement of water from the
acid-etched dentin matrix; ensuring better monomers infil-
tration into the micro- and nanoporosities left between the
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collagen fibrils and, thus, improving resin micro-retention to
dentin [4].

The observation that resin-bonded dentin is not as well
sealed as dentin covered with a smear layer raises concerns as
to whether dental adhesives can ever truly seal dentin [5, 6].
Apparently, nanometer-sized spaces remain filled with water
after attempts to evaporate solvents from resin-infiltrated
dentin [7]. It is expected that during the hybridization of
dentin with hydrophilic monomers, all solvent and water are
completely eliminated from the collagen interfibrillar spaces
in order to guarantee optimal monomer infiltration/conver-
sion [3, 8-12]. It has been shown that among other factors,
water sorption of adhesives and resin-dentin interfaces is
dependent on the presence of residual solvent within these
structures [13] and degree of hydrophilicity of adhesives [10,
12—14]. Thus, the presence of residual solvent, combined
with the use of hydrophilic comonomers applied to wet
dentin may synergistically compromise the requirements for
perfect sealing and durable coupling between resin com-
posites and resin-bonded dentin.

To permit correlations between resin comonomers’
hydrophilicity and the effect of residual solvent on adhe-
sives’” performance, some studies have investigated
experimental dental adhesives [11, 13—-17] in which the
hydrophilicity characteristics can be predicted by calcu-
lating the Hoy’s solubility parameters of each mixture.
Hoy’s triple solubility parameters allow one to calculate
the relative contribution of dispersive (J4), polar (6,) and
hydrogen bonding (d;,) forces to the total cohesive energy
density (o, of polar solvents [17-21]. Such an approach
has been very useful to explain the interaction between
solvent and dentinal collagen matrix in order to improve
resin infiltration in bonding procedures to dentin [17, 19,
20]. Furthermore, as these parameters express the total
cohesive energy of a material/substance, they can also be
used to predict the eventual interaction between fluids,
thereby helping one to understand the affinity between
different solvents and resin comonomers [11, 17].

For instance, it was previously shown that these exper-
imental adhesives solvated with 50 wt% acetone, 50 wt%
ethanol, 50 wt% acetone/water or 50 wt% ethanol/water
mixtures retained from 5 to 10% of the added solvent, even
after blowing air for 120 s [11], a period up to 10-12 times
longer than that recommended by the majority of dental
adhesives manufacturers. Although there is a concern
regarding the negative effects of the residual solvent on the
performance of dental adhesives and their derived resin-
dentin bonds [15], there has been little systematic effort to
achieve maximum solvent evaporation during the hybrid-
ization of acid-etched dentin. While some manufactur-
ers recommend application of a “gentle” air-drying
(varying from 1 to 5 s), other manufacturers concerned
about presenting more oxygen to the adhesive layer [16] do
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not recommend any procedure to facilitate the solvent
evaporation.

The objective of this study was to evaluate the efficiency
of different protocols in facilitating acetone evaporation
from dental adhesives with different degree of hydrophilic-
ity. Because it is not practical to investigate commercial
adhesives of unknown quantitative composition, experi-
mental comonomer blends with increasing degree of
hydrophilicity (as determined by their Hoy’s solubility
parameters) were used to produce different formulations that
were then supplemented with a known amount of acetone.
The following hypotheses were tested: (1) different proto-
cols produce different solvent evaporation from the experi-
mental adhesives; (2) the solvent evaporation alters the
degree of conversion and water sorption and solubility of
these adhesives and (3) the solvent evaporation depends on
the hydrophilicity of the experimental adhesives.

2 Materials and methods
2.1 Adhesives preparation

Three experimental comonomer resin blends (R2, R3 and RS)
were evaluated as potential dentin/enamel adhesive systems.
These experimental resin blends were purposely formulated
to be ranked in an increasing order of hydrophilicity
(R2 <R3 < RS5), based on their triple Hoy’s solubility
parameters [17, 18], as listed in Table 1. Resin RS is similar to
one-step self-etch adhesives because it contain a comonomer
with an acidic functional group that is a methacrylate deriv-
ative of phosphoric acid (i.e. Bis[2-(methacryloyloxy)ethyl]
phosphate) [10, 18]. It is very hydrophilic when compared to
resin R2, which consist of relatively more hydrophobic di-
methacrylates. Resin R2, therefore, is similar to non-solvated
bonding agents of three-step etch-and-rinse and two-step self-
etch adhesive systems [18]. Resin R3 has an intermediary
hydrophilicity and contains a typical composition of two-step
etch-and-rinse adhesives [17]. These experimental resins were
tested in the form of either neat or solvated adhesives that were
mixed with pure acetone (Merck KgaA, Darmstadt, Germany)
to produce primers, containing 50% comonomers/50% ace-
tone (w/w%). Freshly prepared mixtures were ultra-sonicated
for 5 min in hermetically sealed containers to ensure a single
homogeneous phase.

2.2 Gravimetric measurements of adhesives
before and after evaporation of solvent

Twenty micro liter-aliquots of each adhesive/acetone mix-
ture were carefully and individually dispensed into 50-pl
polypropylene screw-capped tubes and had their initial mass
(m;) measured using an analytical balance (Mettler Toledo
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Table 1 Composition and Hoy’s parameters of the comonomer blends used in the study
Adhesives Composition % (WIw) Hoy’s solubility parameters (MPa)'?
dq Op On O,
Neat R2 Bis-GMA 70.00 15.9 12.4 6.9 21.2
TEGDMA 28.75
CcQ 0.25
EDMAB 1.00
R3 Bis-GMA 70.00 15.6 13.0 8.5 22.1
HEMA 28.75
CcQ 0.25
EDMAB 1.00
RS Bis-GMA 40.00 15.1 13.5 11.1 23.1
HEMA 28.75
2MP 30.00
CQ 0.25
EDMAB 1.00
Solvated R2 + A R2 50.00 14.4 11.1 8.7 20.2
Acetone 50.00
R34+ A R3 50.00 14.3 11.4 9.7 20.7
Acetone 50.00
RS+ A RS 50.00 14.0 11.6 11.1 21.3
Acetone 50.00

2MP bis[2-(methacryloyloxy)ethyl] phosphate, Bis-GMA bisphenol A diglycidyl ether dimethacrylate, Bis-GMA-E ethoxylated bisphenol A
diglycidyl ether dimethacrylate, CQ camphorquinone, EDMAB ethyl N,N-dimethyl-4-aminobenzoate, HEMA 2-hydroxyethyl methacrylate,
TCDM di(hydroxyethylmethacrylate) ester of 5-(2,5-dioxotetrahydrofurfuryl)-3-methyl3-cyclohexene-1,2dicarboxylic anhydride, TEGDMA
triethylene-glycol dimethacrylate. All solubility parameters were calculated using commercially available software (Computer Chemistry
Consultancy. www.compchemconsul.com). d4: Hoy solubility parameter for dispersion forces; d,: Hoy solubility parameter for polar forces; dy:
Hoy solubility parameter for hydrogen bonding forces; J,: Hoy solubility parameter for total cohesive energy density

Inc., Columbus, OH, USA). For one-third of these mixtures,
the polypropylene tubes were then left opened so that the
solvent evaporation could occur spontaneously. The weight
of these specimens was repeatedly recorded after 15, 30 and
60 s. For the remaining two-thirds of the adhesive/acetone
specimens, the solvent evaporation was facilitated by the
application of air-drying either at room temperature (23°C)
or at40 £ 1°C. In both conditions, the air stream was blown
by an adapted dental triple syringe, which was connected to a
resistance-wiring device that permitted the air to be heated,
when necessary. This adapted air-drying device was posi-
tioned 2 cm from the adhesives’ surface. All experiments
were carried out at 23°C and under a relative humidity of
60%. Air-drying application (at room temperature or heated)
was performed for three different periods of time: 15, 30 or
60 s with an air speed of 4.8 m/s and flow rate of 0.0124 m?/s.
The final mass (my) of the adhesive/solvent mixtures was
gravimetrically measured immediately after the air-drying
application. Eight samples were prepared per adhesive per
experimental condition (spontaneous evaporation, air-dry-
ing at room temperature and heat air-drying). Non-solvated
versions of the experimental adhesives R2, R3 and R5 were
submitted to the same experimental protocols in order to

verify whether they can have their mass altered by loss of
other components than acetone.

The effect of experimental protocols on facilitating
acetone evaporation from adhesives was expressed in terms
of the percentage of adhesives mass loss (LM) using the
following equation:

LM = (u> % 100 (1)

m

where m; and my are, respectively, the mass of the sample
before and after the solvent evaporation.

Percentages of adhesives mass loss were analyzed by
three-way ANOVA and Bonferroni tests, having the fol-
lowing main factors: type of resin blend (R2, R3 or RY),
protocol for solvent evaporation (spontaneous, air-drying at
room temperature and heat air-drying) and time of solvent
evaporation (15, 30 or 50 s). Statistical significance was
preset at o = 0.05.

2.3 Resin disk preparation

Resin disks of each experimental adhesive (neat or sol-
vated) were produced in a brass mold (3.0 mm diameter,
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0.5 mm thick). Thus, 20 pl of the liquid adhesive was
directly dispensed to completely fill the mold. Solvent
evaporation was performed according to the protocols
previously described. At the end of the specified evapora-
tion time, a glass cover slip was placed on the top of the
experimental adhesives to exclude atmospheric oxygen and
prevent additional acetone evaporation. Photo-activation
was immediately performed using a quartz-tungsten-halo-
gen-light source at delivered 650 mW/cm? for 30 s (Elipar
TriLight, ESPE, Germany). After removal from the mold,
the bottom of the resin disks was further photo-cured for
another 30 s. Selection of curing time was determined in a
pilot experiment by measuring a baseline microhardness of
the surface of the resin disks (unpublished data). With the
total curing time of 60 s, the resins exhibited a mean
Knoop hardness of 13 =4 KHN (HMV-2, Shimadzu,
Tokyo, Japan). Ten specimens were produced with each
experimental neat and solvated adhesive. These specimens
were randomly assigned into two groups (n = 5 per group)
to evaluate the degree of conversion and the water sorption
and solubility after storage in water.

2.4 Degree of conversion analysis

Following storage in a desiccator to obtain a constant dry
mass, the adhesive disks were pulverized into fine powder
using an agate mortar and pestle. Adhesives powder was
mixed with infrared grade potassium bromide (KBr) powder
at a ratio of 3:180 mg [19]. Five KBr pellets were obtained
from each of tested cured resins. Infrared-spectra of KBr/resin
pellets were collected in transmission mode using a Fourier
transform infrared spectroscopy (FTIR Shimadzu 8300, Shi-
madzu, Tokyo, Japan) equipped with a KBr beam splitter and
amercury cadmium telluride detector. A blank KBr pellet was
used for the collection of the background spectrum. For each
specimen, multiple spectra were collected in the range of
4000~ 650 cm ™" at a resolution of 4 cm™'. FTIR-spectra of
uncured adhesives were also obtained as reference for calcu-
lation of the degree of conversion (DC). From the absorbance
of uncured adhesives, a calibration curve was generated
allowing for correlation of (C=C) absorption ratios with
known molar concentration ratios. The degree of conversion
was calculated from the equivalent aliphatic (absorbance peak
located at 1638 cm_l)/aromatic (absorbance peak located at
1608 cm_l) molar ratios of cured (C) and uncured (U) spec-
imens [20]. Percentage of degree of conversion (%DC) of all
neat and solvated resin blends was estimated based on the
formula:

%DC = (%) x 100 2)

Degree of conversion for neat and solvated resins was
analyzed by a two-way ANOVA with the protocol for
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solvent evaporation (spontaneous, air-drying at room
temperature and heat air-drying) and the time of solvent
evaporation (15, 30 or 60 s) as the main factors. Post hoc
multiple comparisons were performed using Bonferroni
test. Statistical significance was preset at o = 0.05.

2.5 Water sorption and solubility

Water sorption and solubility were determined using the
following modifications of ISO 4049: specimen dimensions
(3.0 mm in diameter, instead of 15 mm) and different
periods of water gain/loss measurements. After prepara-
tion, the resin disks were all pre-dried in a sealed desiccator
containing fresh silica gel (at 37°C) and repeatedly
weighed at 24 h intervals, until a constant mass (m;) was
obtained (i.e. variation lower than 0.02 mg in 24 h). They
were individually immersed in deionized water at 37°C. At
fixed time intervals, the specimens were removed from the
vials, washed in running water for 5 s, blot-dried, weighed
and returned to water. Several readings were taken during
the first day (i.e. every 30 min for 12 h) and then 12 h after
this last reading. For all materials, equilibrium of specimen
mass was attained between the 12th and 36th hof storage in
water. At this time the resin disks were washed in running
water, gently wiped with absorbent paper, and weighed in
an analytical balance for m, determination. The resin disks
were re-dried in a desiccator, as previously described, and
weighed daily until a constant mass (m3) was re-obtained.
Water sorption (WS) and solubility (SL) were calculated
using the following formulae [21]:

ny — ms SL:ml_m3
Vv Vv

where V is the volume of each resin disk (in mm3).

Means of water sorption and solubility were analyzed by
two individual multiple-way ANOVA (one for water
sorption and other for solubility data), having as main
factors: the type of resin blend (R2, R3 or RS), the type of
solvent (ethanol or acetone), the protocol of solvent’s
evaporation (spontaneous, air-drying at room temperature
and heat air-drying) and the time of solvent’s evaporation
(15, 30 or 50 s) as main factors. Post hoc multiple com-
parisons were performed using Bonferroni test. Statistical
significance was preset at o = 0.05.

WS = 3)

3 Results
3.1 Adhesives’ mass loss
Non-solvated adhesives did not exhibit significant change

of their mass either by letting them evaporate spontane-
ously (p > 0.05) or by directing moving air streams (heated



J Mater Sci: Mater Med (2012) 23:629-638

633

or at room temperature) on them (p > 0.05) (data not
shown). Means of loss of mass (in percentage) for solvated
adhesives are summarized in Table 2. None of the treat-
ments was able to completely eliminate the solvent that
was incorporated into the experimental adhesives. Loss of
mass of solvated adhesives submitted to spontaneous
evaporation was minimum (i.e. ranging between 1 and 4%)
even after 60 s. Differences in the loss of mass between
solvated adhesives R2 and R3 and between R3 and RS
were not significant when the solvent were allowed to
evaporate spontaneously (p > 0.05). For all experimental
adhesives, the highest percentage of mass loss, meaning
higher degree of solvent evaporation, was observed after
the application of heated air to the disks for 60 s. Under
this condition there is no significant difference between
adhesives (p > 0.05). Nevertheless, with the application of
room temperature or 40°C air streams, the least hydrophilic
adhesive (R2) exhibited the highest percentage of solvent
evaporation compared with the most hydrophilic adhesive

solvent evaporation, the higher was the mass loss, regard-
less of the intrinsic hydrophilicity of adhesives.

3.2 Degree of conversion

Means of degree of conversion for non-solvated and sol-
vated experimental adhesives are summarized in Table 3.
There is no difference in the degree of conversion for non-
solvated adhesives, regardless of the treatment and
hydrophilicity of adhesives (p > 0.05). For solvated
adhesives, it an increase in degree of conversion was seen
with an increase in evaporation time (60 > 30 > 15 s) with
heated air-drying > room temperature air-drying > spon-
taneous evaporation. In general, when the solvent was
evaporated spontaneously or by room temperature air, the
most hydrophilic adhesive (R5) exhibited higher degree of
conversion than the least hydrophilic adhesive (R2)
(p < 0.05), at the same fixed period of time. Conversely, at
any given evaporation time, no difference in the degree of

(R5) (p <0.05). In general, the longer the period for  conversion was observed between hydrophilic and

Table 2 Loss of mass (in %) after application of the experimental protocols to facilitate solvent evaporation from experimental adhesives with
different parameters of solubility

Spontaneous evaporation Air-drying at room temperature Heat air-drying

15 s 30 s 60 s 15 s 30 s 60 s 15 s 30 s 60 s
R2+ A 23(013)* 3414F" 43154 1470.8)" 196(1.7°" 248 2.0°4 168 (1.3)4 263224 30.1(1.6)*4
R34+ A 190124 2713)¢°4 30012°*® 106(1.5%" 132(1.9°% 16514"8 146 (0.9°* 207 (17"E 27402234
R5+A 13D 200128 25013°% 98138 108(1.9¢% 149 (13" 126 (1.9** 204128 29.02.004

Data are expressed as Mean (£SD) (in %); Rn + A = acetone-solvated adhesive (where n means 2, 3 or 5). Number of specimens/group = 5

Superscript different letters express statistical differences among groups (p < 0.05), with the lower case letters indicating comparisons for the
same adhesive/solvent mixture (analysis in row) and the upper case letters showing comparisons among different adhesives within the same
protocol employed for evaporation of solvent (analysis in column) (p < 0.05)

Table 3 Degree of conversion (% DC) of neat and solvated versions of experimental adhesives with different parameters of solubility

Spontaneous evaporation Air-drying at room temperature Heat air-drying

15s 30 s 60 s 15s 30 s 60 s 15s 30 s 60 s
R2 476 (09" 481 (1.0)"C 472 (1.8"C 481 (09"C 4751.0"° 487(13"° 49313 503 1.2"° 51.221)°*°
R2+ A 41.8(08)C 43.6(09'° 51.5(09°C 520 (.1)°5% 5550.6*'C 6210128 60.6(1.0°" 65710 7030.7)"8
R3 579 (0.9 " 59.1(0.7)** 588 (1.1)**F 572(1.4)** 582 (1.1"% 587(1.0°C 608 (2.6"" 602 (1.0*% 604 (1.2)"°
R3+A 436 (1.D)FC 508(1.7°C 550(1.2%% 553114 60.7(1.4°" 651198 62431 65119 68.1(1.7)°"5
R5 585 (10" 57.8 (1.2 A 57.5(1.0)* B 545097 E 568 (1.2*5¢ 565(1.6*C 563 @2.1)*E 561 (1.0*C 572(1.2)°"€
R5+A 47.1(15 8 547018°% 60.6(1.D" 57.1 20)** 605 (1.0 66.1 (1.5°" 623 (13°" 658 09" 748 23"

Data are expressed as Mean (+SD) (in %); Rn = neat adhesive and Rn + A = acetone-solvated adhesive (where n means 2, 3 or 5). Number of
specimens/group = 5 for neat adhesives and = 5 for solvated adhesives

Superscript different letters express statistical differences among groups (p < 0.05), with the lower case letters indicating comparisons for the same
adhesive/solvent mixture (analysis in row) within the different protocols of solvent evaporation and the upper case letters showing comparisons among
different adhesives within the same protocol employed for evaporation of solvent (analysis in column)
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Table 4 Water sorption (ug/mm?>) of neat and solvated versions of experimental adhesives after storage in water

Spontaneous evaporation

Air-drying at room temperature

Heat air-drying

15 s 30 s 60 s 15s 30 s 60 s 15s 30 s 60 s
R2 31.5GB.)*E 33245°*E  309@3)*E  3224.0°E 31.6G.D*E 308 28" 338(13)°F 321 42*E 32237)%*P
R2+A 773 (26)C 67324°° 661422 64233°P 61.126"° 55527°C 57335°°P 469 (24" 37226)¢P
R3 60.3 (2.8)* P 612 3.6*° 60.529*° 598 (23)*P 59545 6053B.0°*C 61.639*° 60.7(39*C 597 (3.8)"C
R3+A 145535 1306 (3.0°C 1251(32)°C 1093 29°C 9352.1)'C 814 08)°% 835024°C 67232 C 64.133)°
R5 1558 (3.5 1573 2.7)* B 1562 (3.4)*B 1540 3.2* B 1543 4.2)*® 1557 3.3)*" 154.1 32)** 157.5(3.6)** 156.8 (3.9 4
R5+A 2457 (3.6)*" 2293(38)°" 2172Q7°" 1713 24*" 167.73.0%* 153.1(2.8)°* 131528 % 12142188 107.5024)""

Data are expressed as Mean (£SD) (in %); Rn = neat adhesive and Rn + A = acetone-solvated adhesive (where n means 2, 3 or 5). Number of specimens/

group = 5 for neat adhesives and = 5 for solvated adhesives

Superscript different letters express statistical differences among groups (p < 0.05), with the lower case letters indicating comparisons for the same adhesive/
solvent mixture within the different protocols of solvent evaporation (analysis in row) and the upper case letters showing comparisons among different

adhesives (analysis in column)

hydrophobic adhesives when the solvent was evaporated by
40°C air (p > 0.05).

3.3 Water sorption and solubility

Results of water sorption and solubility for non-solvated
and solvated experimental adhesives are summarized in
Tables 4 and 5. There was no change in water sorption
values for non-solvated adhesives, regardless of the evap-
oration treatment of adhesives (p > 0.05). However, there
was an increase in water sorption in the non-solvated
adhesives with increases in resin hydrophilicity with
R5 > R3 > R2. Generally, the non-solvated adhesives
exhibited values of water sorption that were significantly
lower when compared to their correspondent acetone-sol-
vated versions (p < 0.05). For acetone-solvated adhesives,
there was a decrease in water sorption that varied with time
(60 > 30 > 15 s) and drying protocol for solvent evapo-
ration (40°C air-drying > room temperature air-dry-
ing > spontaneous evaporation). Overall, the most
hydrophilic adhesive (R5) exhibited the highest values of
water sorption in comparison with the least hydrophilic
adhesives (R2 and R3) (p < 0.05), regardless of the time
and protocol for solvent evaporation (Table 4).

Following a similar trend, there was no change in sol-
ubility values for non-solvated adhesives, regardless of the
drying treatment and hydrophilicity of adhesives
(p > 0.05). In general, the non-solvated adhesives exhib-
ited values of solubility that were significantly lower when
compared to their correspondent acetone-solvated versions
(p < 0.05). For acetone-solvated adhesives, a decrease in
solubility values, varying with the evaporation time
(60 > 30 > 15 s) and protocol for solvent evaporation
(heat air-drying > room temperature air-drying > sponta-
neous evaporation) was observed. As a general rule, the
most hydrophilic adhesive (R5) exhibited the highest
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values of solubility in comparison with the least hydro-
philic adhesives (R2 and R3) (p < 0.05), regardless of the
time and protocol for solvent evaporation (Table 5).

There was no significant correlation between percent
conversion and the water sorption/solubility of any of the
resins (data not shown).

4 Discussion

The results of this study revealed that non-solvated adhe-
sives did not exhibit significant change in mass after air-
drying (40°C or at room temperature) for any tested period.
In addition none of these treatments affected either the
degree of conversion or the water sorption/solubility of
these non-solvated adhesives. Conversely, for acetone-
solvated adhesives, the same properties (i.e. degree of
conversion and the water sorption/solubility) were sub-
stantially enhanced by the evaporation time and air-drying
protocol for solvent evaporation. These results indicate that
the percent conversion of dental adhesives can be signifi-
cantly increased after a consistent removal of their com-
positional solvent. This requires the acceptance of the first
and second hypotheses of this study. The hydrophilicity of
experimental adhesives significantly influenced the evap-
oration of solvent for the majority of tested conditions,
with the most hydrophilic adhesive allowing the least
amount of acetone evaporation. Nonetheless, after the
application of heated air-drying for 60 s, all acetone-sol-
vated adhesives exhibited the same percentage of loss of
mass, indicating that the hydrophilic and hydrophobic resin
comonomers permitted the amount of acetone evaporation.
Thus, these results induce the partial acceptance of the
third hypothesis of this study.

Previous reports have already shown that excess residual
solvent is detrimental for monomers conversion [13, 22-24]
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results clearly showed that, for the majority of the tested
conditions, the most hydrophilic solvated adhesive (RS;
Table 1) exhibited the highest amount of residual acetone
(Table 2) and, as well, the lowest degree of conversion
(Table 3) combined with the highest values of water
sorption/solubility (Tables 4, 5).

Interestingly, when a heated air-stream was applied for
60 s, the difference in adhesives’ hydrophilicity was no
longer a significant determinant of solvent evaporation,
with all tested solvated adhesives showed the same per-
centage of loss of mass (Table 2). These results suggest
that increasing the temperature of air-drying and prolong-
ing the duration of such application may have likely
increased the kinetic energy of the molecules in the
adhesive system promoting the increase of molecular
vibration and facilitating the breakdown of intermolecular
bonds between solvent and polar groups of resin como-
nomers, thus favoring solvent evaporation. Elevations in
temperature also increase the vapor pressure of solvents.

Solvated adhesives that were exposed to 40°C air for
60 s exhibited the same degree of conversion regardless of
their hydrophilicity. Previously, higher degrees of solvent
evaporation were found even in most hydrophilic adhesive,
when air-drying temperature was raised to 40°C (60 s),
almost the same temperature employed in previous study
[33]. Unlike the results of Nunes et al. [33], we found
higher solvent evaporation rate (about 30% evaporated)
when the drying air temperature was raised for HEMA-
containing resins, compared to room temperature air-dry-
ing (about 15% evaporated). For this group, there was a
clear relation between the removal of residual acetone and
degree of adhesive conversion. Resins with higher mono-
mer conversion exhibited lower water sorption and solu-
bility compared with those of solvated adhesives that only
evaporated spontaneously or with air-drying at room
temperature. The increase in temperature is one of the
mechanisms that decrease the adhesive viscosity during
the early stage of the adhesive photo-curing period [24].
Also, the presence of lower concentrations of acetone
reduced the viscosity of the resins in a level that the
intermolecular spacing became greater in its free volume,
providing more mobility of the monomer chain and greater
rate of diffusion of radicals due the probability of chain
collision [23, 29]. So, air-drying at 40 (£1)°C as well as
the lower residual solvent may decreases the comonomer
viscosity resulting in improved conversion of the mono-
mers into polymers.

The presence of residual solvent notwithstanding, the
degree of water sorption/solubility were strongly correlated
with the hydrophilicity of adhesives subjected to sponta-
neous evaporation or an air stream at room temperature,
which is in agreement with results of previous studies

@ Springer

[10-14]. That is, the more hydrophilic the adhesive, the
greater the water sorption and the more the polymer net-
work is plasticized by absorbed water [39]. This causes
polymer swelling that reduces the frictional forces between
adjacent polymer chains [40]. At a high level of absorbed
water, polymer chains can undergo a relaxation process,
thereby facilitating the elution of unreacted monomers and/
or solvents trapped in the polymer network [40]. More
hydrophilic polymers have superior capacity to absorb
water due to the presence of higher amount of polar
domains [10, 12, 39] that hydrogen bond with water and, at
the same time, they also have a superior capacity of
relaxation, which may permit faster elution of unreacted
monomers/solvents compared with more hydrophobic
polymers [40, 41]. In the long-term, the permanent solu-
bility of hydrophilic resin blends and the replacement of
those unpolymerized monomers by water may be the cause
of hydrolytic breakdown of resin compounds, instead of a
simple release of unreacted and/or pendent monomers.

There is certainly need for more accurate research to
determine the effects of long-term release from resin-based
dental materials, in special regarding those with a higher
hydrophilic characteristic that could be, in thesis, more
prone to deteriorate over time. The local and systemic toxic
effects of dental adhesives by-products/unreacted mono-
mers are still neglected. Studies with methacrylated-based
dental resins point out that these materials are highly prone
to hydrolytic salivary degradation [42] and they contain
several ingredients which were shown to be cytotoxic,
genotoxic and mutagenic [43]. Based on these concerns,
the present results suggest that the current regimes indi-
cated for solvent evaporation from dental adhesives should
be modified in order to improve the percent of conversion
and minimize the solubility of these materials.

5 Conclusion

In conclusion it can be consider that longer solvent evap-
oration regimes (i.e. 60 s) and the use of 40°C air-stream
were the most effective maneuvers in evaporating acetone
and this optimized the degree of conversion and reduced
the solubility/water sorption tendency of etch-and-rinse
one-step adhesive models.
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