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SUMMARY

This study evaluated the effect of four methods
of solvent evaporation on the degree of conver-

sion (DC) of seven one-bottle adhesive systems:
Excite (EX), ONE-STEP (OS), Optibond Solo Plus
(OB), Prime&Bond 2.1 (PB), Prime&Bond NT
(NT), Single Bond (SB) and Single Bond Plus (SP)
using Fourier Transform Infrared Analysis
(FTIR). Adhesive resins were: 1) applied to KBr
pellet surfaces and left undisturbed for 30 sec-
onds (condition 1), 2) left undisturbed for 30 sec-
onds and air-dried with an air stream for 10 sec-
onds (condition 2), 3) left undisturbed for 60 sec-
onds (condition 3) and 4) left undisturbed for 60
seconds and air-dried for 10 seconds (condition
4) before curing. FTIR spectra were obtained and
the DC was calculated by comparing the ratio of
aliphatic/aromatic double carbon bonds before
and after light-activation for 10 seconds (XL 3000,
3M). The results of each product were analyzed
by one-way repeated measure ANOVA and post-
hoc Tukey’s test (p<0.05). The DC of PB, NT, OB
and SP adhesives was not affected by the four
evaporation conditions, while the DC of EX, OS
and SB changed according to the evaporation
method. The results suggested that the DC of
some adhesives was similar regardless of the
evaporation method when no water from dentin
or rinsing was involved. Other bonding agents
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Clinical Relevance

Since methods of solvent evaporation can change the degree of conversion for some adhesives,
practitioners should be aware of the type and composition of bonding agents used.
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showed higher DC after specific conditions of sol-
vent evaporation.

INTRODUCTION

Some dental bonding agents are composed of a mixture
of hydrophilic primers and hydrophobic adhesive resins
in a single solution.1 These adhesive systems require
previous phosphoric acid-etching, rinsing with water to
remove the acid gel and creating moist surfaces before
the application of adhesive resin to the dentin sub-
strate. The resin monomers are dissolved in organic sol-
vents, such as acetone and ethanol, which improve
monomer diffusion into the demineralized matrix and
play an important role in the removal of water during
solvent evaporation.2-4

The high quality of the hybridization process depends
on optimal monomer infiltration between the collagen
fibrils of the demineralized matrix and the removal of
as much water and organic solvents as possible from
the surface prior to curing.5-6 Compressed air has been
used to accelerate solvent and water evaporation,
ensuring better conditions of resin polymerization,
which relates to the durability of the resin-dentin bonds
in the wet bonding technique.2,7

The use of an air spray to accelerate solvent evapora-
tion has been recommended by the manufacturers,
since the remaining high content of water and organic
solvents can greatly inhibit the polymerization reaction
and compromise the creation of a well-defined polymer
matrix.4-5,8 Thus, clinicians must be aware of the volatile
characteristics and composition of adhesive systems to
achieving effective bonding with one-bottle adhesive
systems. This study evaluated the degree of conversion

of seven adhesive systems photo-activated after four
methods of solvent evaporation using Fourier
Transform Infrared (FTIR) analysis. The null hypothe-
sis was that there is no difference in the degree of con-
version when adhesive systems are light-activated after
different conditions of solvent evaporation.

METHODS AND MATERIALS

The adhesive systems (respective organic solvent)
investigated were Excite (ethanol), ONE-STEP (ace-
tone), Optibond Solo Plus (ethanol), Prime&Bond 2.1
(acetone), Prime&Bond NT (acetone), Single Bond
(ethanol) and Single Bond Plus (ethanol). Their compo-
sitions and manufacturers are listed in Table 1. Each
bonding agent was tested according to four conditions of
solvent evaporation (n=5). The analyses were per-
formed at 24°C, under 64% relative humidity.

For FTIR analysis of the bonding agents, one drop of
adhesive resin was dispensed into a well immediately
prior to application. An applicator tip was dipped into
the adhesive solution and the adhesive was applied to
the surface of a potassium bromide pellet (LabSynth,
Diadema, SP, Brazil). Before curing, the adhesive resin
was left undisturbed on the pellet surface for 30 sec-
onds, 60 seconds, 30 seconds and air-dried with a mild
oil-free air stream for 10 seconds (40 pounds and a dis-
tance of 10 mm between the pellet surface and tip of an
air-syringe) or it was left undisturbed for 60 seconds
and air-dried with a mild oil-free air stream for 10 sec-
onds. An FTIR spectrum of unpolymerized adhesive
solution was obtained from each sample using 20 scans
at 4 cm-1 in the transmittance mode (Equinox 55,
Bruker Optik GmbH, Ettlingen, Germany).
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Adhesive Composition Manufacturer Lot #
Systems

Excite HEMA, phosphonic acid acrylate, silicon dioxide. Ivoclar Vivadent, F68154
Solvent: ethanol Schan, Liechtenstein

ONE-STEP BPDM, HEMA, Bis-GMA BISCO Inc, 0400007894
Solvent: acetone Schuamburg, IL, USA

Optibond Alkyl dimethacrylate resins, barium aluminoborosilicate Kerr Corp, Orange, CA, 405282
Solo Plus glass, silicon dioxide, sodium hexafluorosilicate USA

Solvent: ethanol

Prime&Bond 2.1 PENTA, dimethacrylate resins, urethane di-methacrylate Dentsply DeTrey, 307244
resin, cetylamine hydrofluoride Konstanz, Germany
Solvent: acetone

Prime&Bond NT PENTA, di- and tri-methacrylate resins, cetylamine Dentsply DeTrey, 168410
hydrofluoride, urethane di-methacrylate resin, silica Konstanz, Germany
colloidal
Solvent: acetone

Adper Single Bond HEMA, Bis-GMA, water, PAA 3M ESPE, St Paul, MN, USA 4JU
Solvent: ethanol

Adper Single HEMA, Bis-GMA, water, PAA, coloidal silica 3M ESPE, St Paul, MN, USA 4BR
Bond Plus Solvent: ethanol
Abreviations: HEMA: 2-hydroxyethyl methacrylate; BPDM: biphenyl dimethacrylate; Bis-GMA: bisphenol A diglycidyl ether dimethacrylate; PENTA: dipentaerythritol penta-acrylate monophos-
phate PAA: methacrylate functional copolymer of acrylic and polyitaconic acids.

Table 1: Composition, Manufacturer and Lot Number of the Adhesive Systems Used in This Study
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The adhesive systems were light cured for 10 seconds
(600 mW/cm2) using a conventional quartz-tungsten-
halogen light source (XL 3000, 3M ESPE, St Paul, MN,
USA). The tip of the curing unit was positioned 3 mm
from the pellet surface. Additional FTIR spectra were
obtained immediately after solvent evaporation meth-
ods and light curing.

For analysis of the degree of conversion, the aliphatic
carbon-to-carbon double bond absorbance peak intensi-
ty, located at 1638 cm–1, and that for the aromatic com-
ponent, located at 1608 cm–1 (aromatic), were compared
in each spectrum before and after the polymerization
reaction, and monomer conversion was determined
using the following equation9:

The degree of conversion was obtained by subtracting
the percentage of the remaining carbon double bonds
(% C=C) from 100%. Only intra-brand conversion val-
ues were compared by one-way repeated measure
Analysis of Variance and Tukey’s post hoc test.
Statistical significance was established at α=0.05.

RESULTS

Mean monomer conversion val-
ues are presented in Table 2.
The degree of conversion of
Optibond Solo Plus,
Prime&Bond 2.1, Prime&Bond
NT and Single Bond Plus adhe-
sive systems was not affected by
the different conditions of sol-
vent evaporation (p>0.05). The
application of these adhesives
to potassium bromide pellets

and light-activation after 30 seconds without air-drying
promoted a similar degree of conversion when com-
pared with other treatments.

Excite adhesive did not require an air-drying step to
reach a higher degree of conversion, while the ONE-
STEP and Single Bond systems presented a higher
degree of conversion after the air-drying step to evapo-
rate the solvents. For these tested materials, monomer
conversion values were wide ranging, according to vari-
ation of the technique of solvent evaporation used
(p<0.05).

Figures 1 and 2 show the spectrum sites obtained
from the ONE-STEP and Prime&Bond NT adhesive
systems before (uncured state) and immediately after
light curing. Figures 1A and 2A represent the spectra
obtained when adhesive resins were left undisturbed
on the pellet surface for 30 seconds, while Figures 1B
and 2B represent the spectra for the same treatment,
but when the adhesives were air-dried with an air
stream for 10 seconds before curing. For the
Prime&Bond NT adhesive, the height of peaks located
at 1639 cm-1 after light curing were similar for the dif-
ferent evaporation conditions (Figures 2A and 2B).
Compared to the ONE-STEP spectra obtained from the
air-dried samples (Figure 1B), the spectra obtained
from samples without air-drying demonstrated a slight
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Experimental Excite ONE-STEP Optibond Prime&Bond Prime&Bond Single Bond Single Bond 
Groups (ethanol) (acetone) Solo Plus 2.1 NT (ethanol) Plus

(ethanol) (acetone) (acetone) (ethanol)

Light-activation 33.5±4.1 AB 37.2±1.2 A 45.4±1.0 A 45.3±6.3 A 35.1±1.2 A 24.1±2.6 A 19.4±3.7 A
after 30 seconds

Light-activation 37.5±1.2 A 37.1±2.8 A 43.4±1.5 A 44.1±7.2 A 35.3±2.4 A 24.6±3.0 A 19.3±3.5 A
after 60 seconds

Light-activation after 28.4±1.2 B 44.4±4.7 B 43.6±3.6 A 40.3±13.0 A 30.6±8.5 A 27.2±3.5 AB 21.7±4.6 A
30 seconds and air-
drying (10 seconds)

Light-activation after 32.4±4.2 AB 46.4±3.7 B 43.0±2.5 A 43.9±11.5 A 30.5±4.9 A 30.7±2.1 B 21.7±4.4 A
60 seconds and air-
drying (10 seconds)

Means followed by different letters (capital letter-column) differ statistically by Tukey test (p<0.05). No comparison among the products was performed.

Table 2: Degree of Conversion Means (± SD) of Adhesive Systems (organic solvent) According to Evaporation Conditions of 
Solvents

[abs (aliphatic C=C)/abs (aromatic C...C)] polymer
(% C=C) x 100

[abs (aliphatic C=C)/abs (aromatic C...C)] monomer

(% C=C): Percentage of remaining carbon double bonds.
abs : absorbance

Figure 1: FTIR spectrum sites obtained from ONE-STEP adhesive before light exposure (segmented line)
and after curing. A) adhesive resin was applied to the KBr pellet surface and were left undisturbed for 30 sec-
onds before light curing for 10 seconds. B) adhesive resin was applied to the KBr pellet surface, left undis-
turbed for 30 seconds, air-dried for 10 seconds and light-cured for 10 seconds.
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reduction in the peak, corresponding to aliphatic car-
bon-double bonds (1639 cm-1) (Figure 1A).

DISCUSSION

The results of this study showed that the degree of con-
version of bonding agents did not depend solely on the
type of organic solvent; instead, it depended on the
monomeric composition contained in the organic sol-
vent solution (ethanol or acetone) of each material. The
monomer conversion of two ethanol-based (Optibond
Solo Plus and Single Bond Plus) and two acetone-based
(Prime&Bond 2.1 and NT) adhesives was not influ-
enced by evaporation methods. On the other hand, the
other adhesives (Excite, ONE-STEP and Single Bond)
showed changes in the degree of conversion as a func-
tion of the evaporation methods regardless of the type
of organic solvents in their composition. Thus, the
anticipated null hypothesis of the current study was
only partially confirmed.

For ONE-STEP and Single Bond adhesives, the use of
an air spray for 10 seconds to accelerate solvent evapo-
ration was important for increasing monomer conver-
sion. Studies have shown the difficulty in removing
water in aqueous solutions of HEMA, which is the func-
tional monomer of ONE-STEP and Single Bond sys-
tems.10-11 Thus, air-drying is essential for providing
higher degree of conversion values. After application,
proper air-drying of the adhesive solution reduces
water content and leaves only the priming resin at the
dentin surface, resulting in a higher degree of conver-
sion. Conversely, if a high content of organic solvents
and water from adhesive composition remains, poly-
merization will be inhibited, compromising the quality
of the hybrid layer.5,10-11

Excite, Optibond Solo Plus, Single Bond Plus,
Prime&Bond 2.1 and Prime&Bond NT adhesives did
not require air-drying to improve the degree of conver-
sion, representing less sensitive materials for clinical
use. The simple application of these adhesives to a
potassium bromide pellet without disturbing the pellet
for 30 seconds and allowing the pellet to dry at 24°C
under 64% relative humidity showed a similar degree of
conversion when compared with other conditions of sol-

vent evaporation in which the
increase in undisturbed time
and air-drying were performed.

The adhesive systems showed
a low degree of conversion due
to the interference of atmos-
pheric oxygen with adhesive
resin polymerization.12-13 How-
ever, a low degree of conversion
can occur in clinical procedures
once the adhesive systems are
spread into a thin layer after
application to minimize pooling

and evaporate the solvent carrier. The low monomer
conversion observed due to the presence of residual oxy-
gen may result in an impaired hybrid layer formation
and a greater chance for chemical incompatibility to
occur between the bonding agents and restorative com-
posites.14-15

Solvent evaporation can facilitate the polymerization
reaction, because solvent volatilization can reduce the
distance among monomers and increase the degree of
conversion.5,10-11,16 Conversely, the presence of filler parti-
cles increases adhesive resin viscosity, decreasing
monomer conversion.17-18 Therefore, the changes in com-
position caused by solvent and water removal in filled
adhesive systems did not increase the degree of conver-
sion compromised by the presence of fillers.

The presence of organic solvents in the efficacy of
dentin bonding has been recognized.4 Acetone is fre-
quently used as a solvent, since it can efficiently remove
water from surfaces.3,5,19 By adding 10% acetone to
water, vapor-pressure increases more than 300%, lead-
ing to volatilization of some of the surface water.20

Ethanol is another organic solvent that is used as a
vehicle in adhesives, but it presents a higher boiling
temperature and less high vapor pressure than acetone.
Alcohol triggers more hydrogen bonding than acetone.
Thus, alcohol does not chase water as effectively as ace-
tone, so that, consequently, the durability of dentin
bonding can be compromised.3,19,21 Conversely, acetone
does not expand dried demineralized dentin as alcohol
does and it must be used only with the wet-bonding
technique.8,22-25

Although all manufacturers indicate the drying step
after applying bonding agents to evaporate water and
solvents from the adhesive solution, some products test-
ed in this study did not require the drying step.
However, no residual moisture from the wet bonding
technique was mixed with adhesive solutions, which
could completely alter the polymerization process and
monomer conversion.5,16 Since only the effects of adhe-
sive composition in the evaluation of the degree of con-
version after the evaporation of solvents was evaluated,
the results observed in this study should not be extrap-
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Figure 2: FTIR spectrum sites obtained from Prime&Bond NT adhesive before light exposure (segmented
line) and after curing. A) adhesive resin was applied to the KBr pellet surface and left undisturbed for 30 sec-
onds before light curing for 10 seconds. B) adhesive resin was applied to the KBr pellet surface, left undis-
turbed for 30 seconds, air-dried for 10 seconds and light-cured for 10 seconds.
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olated to the clinical situation where water is involved
with bonding procedures.

Some bonding agents require an additional applica-
tion of adhesive resin over the first light-activated
adhesive resin layer. A proper monomer conversion of
the second adhesive layer results in a thick, uniform
layer beneath the resin composite. Since the adhesive
layer consists of a low modulus resin material, a rela-
tively thick (50-150 µm) adhesive layer has proven to be
effective in leveling the mismatch of modulus values at
the restoration-tooth structure interface.26-28 Con-
sequently, the maximum stress area at the bottom of
the restoration decreases in the presence of a thick
adhesive resin layer because of its elastic release
effect.29 Therefore, the results of the current study can
be valuable in determining the best clinical procedure
for different adhesive systems achieving proper
monomer conversion and, consequently, creating a
thick adhesive layer when the second adhesive layer is
applied to dentin or when adhesive systems are used to
bond composite to composite when the repair of com-
posite restorations is required or when adhesives are
used to bond composites to conditioned and dried
enamel.

Dentists must follow the manufacturer’s instructions
when applying adhesive systems to wet dentin, because
further research is necessary to explain the effects of
mixing water and an adhesive solution on bonding to
demineralized dentin. Moreover, studies have shown
that solvents and adhesive monomers are responsible
for changes in dimensional and other mechanical prop-
erties of the demineralized dentin matrix that compro-
mises the hybridization process.22-25,30 The degree of con-
version of bonding agents is an important parameter to
be evaluated, since high monomer conversion is related
to a well-defined polymer matrix developed at the
hybrid layer and to proper mechanical properties for
long-lasting restorations.16,31

CONCLUSIONS

Within the limitations of this study and when no resid-
ual water from wet dentin or rinsing is involved in
bonding procedures, for some adhesive systems, an
inadequate drying step can interfere with polymeriza-
tion, reducing monomer conversion. For other bonding
agents, the types of solvents and evaporation conditions
did not affect monomer conversion.
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