“Operative Dentistry, 2012, 37-1, 37-44

Cross-Compatibility of
Methacrylate-Based Resin
Composites and Etch-and-

Rinse One-Bottle
Adhesives

C Sabatini ® M Campillo ® S Hoelz
EL Davis ® CA Munoz

Clinical Relevance

Cross-compatibility between different combinations of methacrylate-based resin compos-
ites and etch-and-rinse one-bottle adhesives was evidenced for products from different
manufacturers. This represents a desirable property of adhesives as it allows the flexibility
to select different composite systems based on the specific restorative needs.
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SUMMARY

Objective: To compare dentin shear bond
strength (SBS) of four combinations of light-
activated one-bottle adhesives and composites
to determine if cross-compatibility exists, and
to determine if the use of the same manufac-
turer’s adhesive and composite results in high-
er SBS than systems that combine different
manufacturers’ products.

Methods: One hundred sixty human third
molars were used for bonding (n=10). Speci-
mens were treated with 37% phosphoric acid
and one of four etch-and-rinse adhesives.
Specimens were placed in a bonding jig, which
was filled with one of four composites. Adhe-
sives PQ1 (Ultradent), Excite (Ivoclar-Viva-
dent), Optibond Solo Plus (Kerr), and Single
Bond (3M-ESPE) and composites Vit-1-Escence
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(Ultradent), Four Seasons (Ivoclar-Vivadent),
Premise (Kerr), and Filtek Supreme Plus (3M-
ESPE) were tested. SBS was measured at 24
hours and three months with a testing ma-
chine at a speed of 1 mm/min and expressed in
MPa. A three-way analysis of variance and
Tukey tests were used for data analysis.

Results: Significant differences were evi-
denced among composites for each adhesive
system (p<0.001) and among adhesives for
each composite system (p<0.001). Optibond
Solo Plus and PQ1 yielded significantly higher
bond strengths than Single Bond and Excite
for all composite systems (p<0.05). All combi-
nations, with the exception of two, demon-
strated a decrease in bond strength values
after aging.

Conclusions: Cross-compatibility was demon-
strated, indicating that etch-and-rinse one-
bottle adhesive systems can be safely used
with composites from different manufacturers
without a compromise to the bond strength.
Moreover, even higher mean SBS values were
demonstrated for selective combinations of
different manufacturers’ products.

INTRODUCTION

A belief has been promoted by manufacturers from
dental companies encouraging dentists to use their
adhesive systems in combination with their resin
composites as they claim that greater strength and
longevity of the restorations can be obtained when
using products from the same manufacturer. Clini-
cians often face the question as to whether incorpo-
rating an adhesive and composite from the same
manufacturer will result in greater strength and
longevity of restorations.

While it is well known that certain bonding agents
are not compatible with self- and dual-polymerized
resin composites,’™ it remains unclear whether
compatibility issues exist between adhesives and
light-activated composites. Adverse acid-base reac-
tions as well as adhesive permeability may be
responsible for any incompatibility issues that may
exist.*® Acidic monomers in etch-and-rinse adhe-
sives can adversely react with basic initiators
(tertiary amines) of self- or dual-polymerized com-
posites, preventing their polymerization.?® Al-
though light-activated composites also undergo
polymerization through the generation of free radi-
cals by tertiary amines, they appear to be less
affected by the acidic monomers on etch-and-rinse
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adhesives than self- or dual-polymerized composites.
This may be the result of a more rapidly occurring
initiation process, which may interrupt the acid-base
reaction.%?

Cross-compatibility between adhesives and resin
composites made from different manufacturers rep-
resents a desirable property as it allows the dentist
the flexibility to select different composite systems
based on specific restorative needs. A few studies
have reported higher bond strengths when an
adhesive was used with a composite from the same
manufacturer rather than a composite from a
different manufacturer.2>!° However, these find-
ings may be the result of differences in strength
among the various types of composite materials (ie,
hybrids vs microfills) rather than caused by compat-
ibility issues between the adhesive and composite
systems, as suggested by some studies.'™'? Not
enough evidence is available to support the claim
that combining an adhesive and a composite with
somewhat different monomeric composition and
made from different manufacturers will result in
lower bond strengths than the use of products made
from the same manufacturer. In general, it appears
that cross-compatibility exists and that adhesives
and composites from different manufacturers can be
combined without a compromise to the bond
strength. 1314

The literature on the topic is scarce. A literature
search dating back to 1980 was conducted to identify
studies related to compatibility issues between light-
activated composites and adhesive systems. A few
studies were identified that revealed no compatibil-
ity issues between adhesives and light-activated
composites.'>15 However, these early studies report
on products that have either disappeared from the
market, changed in technology, or were made by a
manufacturer that is no longer in business. The
authors are not aware of recent studies reporting on
the cross-compatibility properties of newer commer-
cially available adhesive systems.

The objective of this study was to compare dentin
shear bond strength (SBS) of different combinations
of light-activated methacrylate-based resin compos-
ites and etch-and-rinse adhesive systems made from
four different manufacturers at 24 hours and three
months to determine if cross-compatibility exists.
Furthermore, the study aimed to determine if using
an adhesive and composite from the same manufac-
turer results in higher bond strengths than the use
of an adhesive and composite made from different
manufacturers.
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Table 1: Tested Materials, Manufacturers, Category, Composition, and Batch Number as per Manufacturers’ Descriptions
Adhesive Systems
Product Organic Batch
(Manufacturer) Category Composition Filler Number
Optibond Solo Plus Etch and rinse  Alkyl dimethacrylate resins, barium Barium aluminoborosilicate glass, 3267789
(Kerr, Orange, CA, USA) aluminoborosilicate glass, silicon silicon dioxide
dioxide, sodium hexafluorosilicate sodium hexafluorosilicate
Solvent: ethanol Filled 15% by wt
Excite (lvoclar-Vivadent, Etch and rinse  HEMA, Bis-GMA, Phosphonic acid Silicon dioxide M06539
Ambherst, NY, USA) acrylate Filled 0.5% by wt
Solvent: ethanol
Single Bond (3M-ESPE, Etch and rinse  HEMA, Bis-GMA, water, PAA, Silica 20090625
St Paul, MN, USA) Solvent: ethanol Filled 10% by wt
PQ1 (Ultradent, South Etch and rinse  Bis-GMA, methacrylate-based Silica dioxide and FluorUtite B46NM
Jordan, UT, USA) hydrophilic monomers Filled 40% by wt
Solvent: ethanol
Resin Composites
Product
(Manufacturer) Category Organic Composition Filler Batch Number
Premise (Kerr, Orange, Nanohybrid Bis-EMA, TEGDMA Prepolymerized filler, barium glass, 3204945
CA, USA) silica nanoparticles (0.02-0.4 um);
filled 84% by wt
Four Seasons (lvoclar- Hybrid Bis-GMA, UDMA, TEGDMA Barium glass, ytterbium trifluoride, L47114
Vivadent, Amherst, NY, USA) Ba-Al fluorsilicate, dispersed silicon
dioxide spheroid mixed oxide (0.6
um); filled 76% by wt
Filtek Supreme Plus Nanohybrid Bis-EMA, Bis-GMA, UDMA, SiO2 Nanosilica filler, ZrO2/Si02 20080827
(3M-ESPE, St Paul, MN, TEGDMA, Water Nanoclusters (0.02-0.075 pm)
USA) Filled 78.5% by wt
Vit-I-Escence (Ultradent, Hybrid Bis-GMA Barium alumina silicate (0.7pm) B4869
South Jordan, UT, USA)
Abbreviations: Bis-MA, bisphenol A glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate; Bis-EMA, ethoxylated
bisphenol A glycol dimethacrylate; HEMA, 2-hydroxyethyl methacrylate; CQ, camphorquinone; PAA, polyalkenoic acid copolymer.

MATERIALS AND METHODS

Table 1 summarizes the composites and adhesives
tested in this study. Adhesives and composites from
four different manufacturers were selected, for a
total of 16 combinations, which were all tested both
at 24 hours and three months of 100% humidity
storage at 37°C and thermocyling. A sample size of
10 (n=10) was selected after performing power
analysis based on previous studies. This yielded a
total of 320 specimens.

Specimen Preparation

One hundred sixty noncarious, unrestored human
third molars were used to obtain dentin substrates
for bonding. The molars were used within three
months of extraction and stored in an aqueous
disinfectant (0.5% chloramine T solution at 4°C)
until ready to be used. The teeth were sectioned
longitudinally in a mesiodistal direction using a
band saw (Isomet, Buehler, Lake Bluff, IL, USA).
The sectioned teeth were embedded in a chemically
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polymerized methacrylate (Fastray, HJ Bosworth,
Skokie, IL, USA) with the outer surface exposed. The
exposed molar surface was ground flat on a model
trimmer until an adequate surface of dentin was
revealed. The exposed dentin was finished with 400-
and 600-grit abrasive paper (Silicon carbide abrasive
paper, Buehler). The prepared specimens were
stored in deionized water at 4°C until ready to be
bonded.

Bonding and Testing

Study groups were randomized to avoid bias relative
to sequence of tooth restoration. One hour prior to
bonding, the specimens were acclimatized to room
temperature (23 *= 2°C). Immediately before bond-
ing, the specimens’ surfaces were slightly refinished
with a 600-grit abrasive paper to expose fresh
dentin. Dentin was etched with 37% phosphoric acid
(Ultra-etch, Ultradent, South Jordan, UT, USA) for
15 seconds, then rinsed and blot dried for moist
bonding. Each adhesive was applied following the
manufacturer’s instructions and polymerized for 20
seconds with a light-curing unit (Bluephase C8,
Ivoclar-Vivadent, Amherst, NY, USA). A minimum
power density of 800 mW/cm? was ensured by
periodically monitoring the unit’s output with a
radiometer (Demetron, Kerr, Orange, CA, USA). The
specimens were placed on a specially fabricated
bonding jig (Ultradent) with a cylindrical mold of
2.38 mm in diameter. The mold was filled with the
corresponding composite in increments no greater
than 2 mm and polymerized for 40 seconds. Imme-
diately after bonding, the specimens were stored for
24 hours in an incubator at 37°C and 100% humidity.

SBS was measured using a testing machine
(Ultratester, Ultradent) at a test speed of 1 mm/
min. A notched crosshead designed to match the
diameter of the bonded specimen was used to apply
the testing load. Specimens were stabilized in a
testing jig, which was free to move to facilitate
positioning under the load. The test base was then
positioned so that the notched crosshead was placed
against the specimen surface and the notch was
fitted to the bonded specimen. The load required to
debond the specimen was recorded and expressed in
MPa by dividing the load by the surface area of the
bonded specimen. SBS values were recorded at 24
hours, and the mean bond strength values for each
study group were calculated.

Bonding procedures were repeated as previously
outlined, and the specimens were stored under the
same conditions for three months. Prior to bond
strength testing at three months, the specimens
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were thermocycled for 500 cycles between 5°C and
55°C with a dwell time of 20 seconds as per
recommendations from the International Organiza-
tion for Standardization (ISO TR11405, 1994).

Statistical Analyses

A three-way analysis of variance (ANOVA) was used
to evaluate the effect of the adhesive, composite, and
time variables on bond strength. The presence of
statistically significant interactions among these
factors was also evaluated. A pairwise multiple
comparison procedure Tukey test was used to
identify differences among adhesives within the
composite groups and among composites within the
adhesive groups both at 24 hours and after three
months of aging. In addition, a Student ¢-test was
used to explore significant differences between bond
strength values at 24 hours and after three months
of aging for each composite-adhesive combination. A
significance level of 0.05 was used for all tests.

RESULTS

Three-way ANOVA results are summarized in Table
2. Statistically significant differences were found
among adhesives (p<<0.001), composites (p<<0.001),
and the different testing times (p<<0.001). Further-
more, statistically significant interactions between
the adhesive and the composite (p=0.003) and
between the adhesive and the testing times
(p<0.001) were found, but no significant interaction
was detected between the composite and the testing
times (p=0.092).

Figure 1 summarizes the results of the pairwise
comparison using Tukey tests. Mean SBS values for
the different adhesive-composite combinations at 24
hours and three months are shown for each composite
system. Significant differences were evidenced among
adhesives for each composite system (letters in Figure
1). When the SBS values were compared within each
adhesive system at 24 hours, Tukey tests revealed no
statistically significant differences among the four
composites for Optibond Solo. When bonding with
Excite, a significant difference was observed between
Filtek Supreme and Premise. For PQ1, Four Seasons
was significantly different from Vit-l1-Essence, and
with Single Bond, Vit-l-Essence was found to be
significantly different from Filtek Supreme and Four
Seasons. The same comparison at three months
revealed no statistically significant differences be-
tween the four composites for either adhesive system
with the only exception of Single Bond, which showed
a statistically significant difference between Filtek
Supreme and Premise.
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Table 2: Three-Way Analysis of Variance Results

Source of

Variation df SS MS F p
Adhesive 3 23,846.936 7948.979 152569 <0.001
Composite 3 916.124  305.375 5.861 <0.001
Time 1 3391.059 3391.059 65.086 <0.001
Adhesive X 9 1330.579 147.842 2.838 0.003
Composite
Adhesive 3 2173.621 724.54 13.906 <0.001
X Time
Composite 3 338.665 112.888 2.167 0.092
X Time
Adhesive 9 331.666 36.852 0.707 0.702
X Composite
X Time
Residual 288 15,005.043 52.101
Total 319 47,333.692 148.381
Abbreviations: df, degrees of freedom; SS, sum of squares; MS: mean
squares; F, f obtained; p, probability.

Table 3 shows the differences between the mean
bond strength values at 24 hours and after three
months of aging for all composite-adhesive combina-
tions. All groups showed a decrease in SBS after
aging, with exception of the combinations Single
Bond-Four Seasons and Single Bond-Vit-1-Essence.

0 Optibond Solo Plus (Kerr) B Excite (voclar-Vivadent) 8 Single Bond (3M ESPE) B8PQ1 {Ultradent)

&0

Shear Bond Strength (WMPa)

Filtek Supreme Plue (3W-

Fremisa (Karr) Four e sasons (Iveciar- Vitd-Essence (Ultradent)

Shear Bond Strength (MPa)

However, for these two groups, the differences did
not show statistical significance. For the groups
bonded using products from the same manufacturer,
two out of four (Optibond-Premise and Excite-Four
Seasons) showed significant differences in bond
strength values before and after aging, and the
other two (Single Bond-Filtek Supreme and PQ1-Vit-
1-Essence) did not.

DISCUSSION

In this study, 16 different combinations of etch-and-
rinse one-bottle adhesives and light-activated com-
posites from four manufacturers were selected to
evaluate cross-compatibility at 24 hours and three
months. Cross-compatibility was demonstrated
though pairwise comparisons using Tukey tests. As
shown in Figure 1, even higher mean SBS values
were observed for selective combinations of different
manufacturers’ products, indicating that cross-com-
patibility exists and that current etch-and-rinse one-
bottle adhesive systems can be safely used with
composites from different manufacturers without a
compromise to the bond strength. At 24 hours,
Optibond Solo Plus and PQ1 yielded significantly
higher bond strengths than Single Bond and Excite
for all composite systems. Optibond Solo Plus and
PQ1 were not statistically different from each other.
Similarly, Single Bond and Excite were not statisti-
cally different from each other. After aging, although
the same behavior was observed for Optibond Solo
Plus and PQ1, a few combinations remained not
significant. Our findings are in agreement with
studies that concluded that the use of products from
the same manufacturer does not necessarily yield
higher bond strengths.'314

3 months

AB A

AB
B.C ] 5 e

Pramise (Kerr Four ssasons (lvoclar- Filtsk Supreme Plus (311 VitdEssencs [Ultradent)

Vivadent)

Figure 1.

Mean (SD) shear bond strength values for each of the adhesive-composite combinations. Different manufacturers are represented with

different print patterns. Same letters indicate no significant differences among adhesives for each composite.
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Table 3: Difference in Shear Bond Strength Values Between 24 Hours and Three Months of Aging (Student’s t-test p-values)?

OptiBond Solo Plus (Kerr) Excite (Ilvoclar-Vivadent) Single Bond (3M-ESPE) PQ1 (Ultradent)

Difference P Difference P Difference P Difference P
Premise (Kerr) -11.6 0.004 0.214 -3.2 0.119 -11.0  <0.001
Four Seasons (lvoclar-Vivadent) —16.8 <0.001 0.004 0.1 0.987 —4.7 0.132
Filtek Supreme (3M ESPE) -15.0 <0.001 0.096 -0.4 0.911 -85 0.003
Vit-l-Escence (Ultradent) -125 0.005 0.910 6.2 0.053 -5.3 0.169

2 Bold numbers indicate significant differences.

Compatibility might not be the only factor ac-
countable for differences in bond strength values.
Variations in the physical properties of the different
types of composites may help explain the observed
results.'>'? Only two of the four groups that
combined products from the same manufacturer
(Filtek Supreme-Single Bond and Vit-1-Escence-
PQ1) displayed the highest bond strength in their
corresponding adhesive group.

While the debate is still ongoing as to how much
strength is considered clinically acceptable bond
strength, the scientific community has agreed on
minimum bond strength values in the range of 17
MPa to 20 MPa in order to resist contraction stresses
and obtain gap-free margins.'® Despite the presence
of statistically significant differences, all SBS values
remained greater than 20 MPa, indicating that that
cross-compatibility between products exists and that
adhesives can be safely used with composites from
different manufacturers without a compromise to
their bond strength.

The formation of an adhesive interface is a
complex phenomenon. The specific composition of
the adhesive directly influences the quality of the
resultant hybrid layer and hence its ability to resist
shear forces. Compared with unfilled adhesives,
filled adhesives create thicker interfacial layers,
which help relieve the stresses generated during
polymerization contraction, thermal changes, and
occlusal loading’” while yielding improved overall
physical properties once it is polymerized. Converse-
ly, the greater viscosity of filled adhesives may
decrease momomer conversion'® as well as limit
their ability to penetrate into the demineralized
dentin matrix'® with the potential compromise to the
bonded interface overtime.?>?' Highly filled adhe-

sives Optibond Solo Plus and PQ1l demonstrated
significantly higher mean bond strength than lightly
filled Excite and Single Bond irrespective of the
brand of composite tested.

Current adhesives use primers based on either
ethanol or acetone solvents. The type of solvent is
also known to have an influence on the wetting
capabilities of the adhesive and hence on the
strength and stability of the hybrid layer overtime.??
Although the four adhesives tested in this study
were ethanol based, the comparatively lower bond
strengths observed for Single Bond and Excite
suggest that the type of solvent is only one of the
many aspects influencing SBS results.

The effect of water storage on the degradation of
adhesive interfaces has been the subject of numerous
investigations.?22® Specifically, the formation of
water blisters within the hybrid layer contributing
to the degradation of the adhesive interface overtime
has been extensively documented in the litera-
ture.?2® Qur results are in agreement with these
studies. As shown in Table 3, with the exception of
two groups, all combinations showed a decrease in
SBS values after three months of water storage. For
seven of the 16 combinations, the differences
between 24 hours and three months were statisti-
cally significant. Interestingly, the groups showing
the highest bond strength values at 24 hours also
showed the greatest amount of degradation after
aging. However, the ranking remained the same
when compared with the initial values.

Although valuable information can be obtained
from laboratory studies, care should be taken not to
overemphasize the results of in vitro investigations
such as those reported in the present study.
Numerous variables play a role in the immediate
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and long-term behavior of adhesive interfaces, and
they all deserve careful consideration.

CONCLUSIONS

Within the limitations of this in vitro investigation,
the following conclusions may be drawn:

*Cross-compatibility was demonstrated indicating
that current etch-and-rinse one-bottle adhesive
systems can be safely used with composites from
different manufacturers without a compromise to
the bond strength. Moreover, even higher mean
SBS values were demonstrated for selective combi-
nations of different manufacturers’ products.
*Optibond Solo Plus and PQ1 demonstrated superior
bond strength values to all resin composites
irrespective of the manufacturer.

*A decrease in SBS values was observed at three
months for most combinations. However, trends
similar to those observed at 24 hours remained.
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