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Introduction

Dental composite was widely used in restorative dentistry
and gained increasing popularity due to its pleasing aesthet-
ic, minimal invasive of cavity preparation, remarkable me-
chanical properties’ improvement, and decline in amalgam

use, which was a cause for concern on account of mercury
toxicity.1However, one of the drawbacks of dental composite
was stickiness of material, due to the presence of viscous
monomers.1 Composite sticked to the instrument during
insertion and condensation, causing difficulties in clinical
handling and shaping to the anatomy of natural tooth.1–3
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Abstract Objectives This study evaluated the surface microhardness of composite, affected by
surface coating with different dental adhesive systems.
Materials and Methods A total of 100 composite discs were divided into five groups.
Group 1 was uncoated (control group C), and groups 2 to 5 were coated with different
adhesive systems (OptiBond FL: FL, OptiBond SOLO Plus: SOLO, OptiBond XTR: XTR,
and OptiBond All in one: AIO, respectively). The Vickers microhardness (VHN) was
measured without and with 500 thermocycles.
Statistical Analysis The data were analyzed using two-way ANOVA and Tukey’s
posthoc test at the 95% confidence level.
Results At 24 hours, the VHN of C (59.96�3.68) and FL (59.83� 4.54) were
significantly higher than SOLO (51.73� 4.63) and AIO (51.45� 4.11). The VHN of
XTR (54.96�3.68) was not significant compared with that of C and all other groups.
After thermocycling, VHN were significantly decreased in all groups. However, there
were no significant differences among all groups.
Conclusions At 24 hours, composite coated with different adhesive systems have
different effects to VHN. Thermocycling all adhesive resin systems coated on compos-
ite surface significantly decreased the VHN.
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Thus, the stickiness of composite increased the risk of poor
adaptation, void and porosity formation.4 To solve this
problem, some clinicians used the dental adhesive to lubri-
cate composite instrument or dental brushwhile shaping the
smooth surface of composite.5

Recently, Bisco Modeling Resin (Bisco Inc., Illinois, United
States), Ultradent composite wetting resin (Ultradent Prod-
ucts Inc., Utah, United States), Brush and Sculpt resin (Cos-
medent Inc., Illinois, United states.), and GC modeling liquid
(GC Corp., Tokyo, Japan), G-Coat Plus (GC Corp.), Composite
Primer (GCCorp.), andModeling Resin (Kerr Corp., California,
United States) were marketed specifically to use as sculpting
composite or wetting agents, in order tomake composite less
sticky.5–8 Nevertheless, the usage of dental adhesives is still
preferred, because it does not require any additional materi-
al.9,10 Many properties of composite affected by different
adhesive lubrication between incremental filling have been
evaluated, such as cohesive,3 flexural and tensile strengths,9

color and water solubilities.9 Furthermore, the degree of
conversion, translucency and color stabilities affected from
adhesive coating on outer surface of composite have also
been evaluated in previous studies.11,12However, the surface
hardness of composite affected from different dental adhe-
sive systems on the outer surface of composite has never
been reported. In additions, composite in oral environment
were subjected to temperature changes of beverages or
foods.6,9,10 Thermal stress, together with the presence of
water, may lead to hydrolytic degradation of the interface
between fillers andmatrix of composite. Several studies have
been reported the effects of thermocycling on the micro-
hardness of composite restorations.6,13,14 Surface micro-
hardness was related to the degree of resin conversion,
wear resistance, and long-term stability of compos-
ite.6,10,13–16 Therefore, the objective of this study was to

compare the surfacemicrohardness of composite affected by
surface coating with different dental adhesive systems at
24 hours and after 500 thermocycles.

Materials and Methods

Experimental Design and Specimen Preparation
A total of 100 specimens of disc-shaped composite (Harmo-
nize, A 3.5E shade, Kerr, Orange, CA, United states) were
prepared by placing in single increment, using stainless steel
split mold (6-mm diameter, 2-mm thickness). The mold was
placed on polyester matrix strip over a glass slab. A total of
100 specimens were divided into five groups (n¼20). Group
1 was control, whereas groups 2 to 5 were coated with one
layer of different types of dental adhesive used as surface
coating.

1. Group C—Uncoated specimens were prepared as a control
group,

2. Group FL—Coated specimenswith adhesive resin of three-
step etch and rinse (OptiBond FL (bonding bottle), Kerr,
Orange, CA, United States).

3. Group SOLO—Coated specimens with adhesive resin of
two-step etch and rinse (OptiBond SOLO Plus (primer and
bonding bottle), Kerr, Orange, CA, United States).

4. Group XTR—Coated specimens with adhesive resin of
two-step self-etch (OptiBond XTR [bonding bottle],
Kerr) and

5. Group AIO—Coated specimenswith adhesive resin of one-
step self-etch (OptiBond All in one, Kerr)

The name and compositions of composite and adhesive
agents used in this experiment were presented in ►Table 1

and a schematic of the experimental design was given
in ►Fig. 1.

Table 1 The compositions of composite and adhesive agents used in this study

Product (Code name) Material type Compositions

Harmonize universal
composite

Nonohybrid composite Barium glass 400 nm, Silica and zirconia nanoparticles> 5nm.
Average particle size 50 nm Total filler 81% w/w Bis-GMA,
TEGDMA, Bis-EMA

Optibond FL (FL) Three- step etch and rinse Adhesive: Bis-GMA, HEMA, GDMA, CQ, ODMAB, fumed Silica,
barium aluminum borosilicate glass, sodium hexafluorosilicate,
coupling factor A174

Optibond SOLO Plus (SOLO) Two-step etch and rinse Adhesive: Bis-GMA, HEMA, GDMA, GPDM, water, ethanol, CQ,
ODMAB, BHT, fumed Silica, barium aluminum borosilicate glass,
sodium hexafluorosilicate, coupling factor A174

Optibond XTR (XTR) Two-step self-etch Adhesive: Ethanol, HEMA, MEHQ, CQ, fumed Silica, barium
aluminum borosilicate glass, sodium hexafluorosilicate, coupling
factor A174

Optibond All in one (AIO) One-step self-etch Adhesive: GPDM, HEMA, GDMA, Bis-GMA, water, ethanol,
acetone, CQ, fumed Silica, barium aluminum borosilicate glass,
sodium hexafluorosilicate, coupling factor A174

Abbreviations: A174, Gamma-methacryloxypropyltrimethoxysilane; BHT, 2,6-Di-(tert-butyl)-4-methylphenol; Bis-EMA, bisphenol A diglycidyl
methacrylate ethoxylated; Bis-GMA, Bis-phenol-A-bis-(2-hydroxy-3-methacryloxypropyl) ether; CQ, camphorquinone; GDMA, Glycerol dimetha-
crylate; GPDM, Glycerophosphate-dimethacrylate; HEMA, 2-Hydroxyethylmethacrylate; MEHQ, 4-methoxyphenol or monoethyl ether hydroqui-
none; ODMAB, 2-(Ethylhexyl)-4-(dimetylamino)benzoate; TEGDMA, triethylene glycol dimethacrylate.
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For control, after filling the composite into the mold, a
polyester strip was covered the specimen; then, a glass
slab was pressed over the matrix strip to obtain a flat
surface.

For groups 2 to 5, after filling the composite into themold,
the surface was immediately coated with different adhesive
systems by a single operator as follows:

1) The designated adhesive resin was dispensed into a
clean dispenser; then, the instrument (CVIPC compos-
ite filling instrument, Hu-friedy, Chicago, United
States) was dipped into the adhesive resin for
a second. The excessive adhesive was removed by
wiping at the edge of well dispenser for 3 seconds on
each side of the instrument.

2) The surface of specimen was coated with designated
adhesive resin using CVIPC to smoothen andflatten the
surface.

3) A polyester matrix strip was covered the specimen;
then, a glass slab was pressed over the matrix strip to
obtain flat surface.

All of the specimens were polymerized from the top
surface for 40 secondswith LED curing unit (SmartLite Focus,
Densply Sirona, United Kingdom), and then gently removed
from the split mold. The curing side of each specimen was
polished using new aluminum oxide abrasive discs (OptiDisc
series, Kerr, Orange, CA, United States) from medium to
extrafine grit for 15 seconds in each step with water cooling
every 2 seconds by the same operator. Each specimen was
examined for flaws or voids under stereomicroscope

(X40) (OlympusSZX16,Hatagaya, Shibuya-ku, Tokyo, Japan).
If any flaws or voids were presented, that sample must be
excluded. Also, the final thickness after polishing were con-
trolled to be 2�0.5mm. Then, all of the polished specimens
were immersed in distilled water at 37 °C for 24hours.

The specimens in each group were randomly divided
into two subgroups (n¼10): without and with thermocy-
cling. In thermocycling group, the specimens were
thermocycled in a thermocycle machine (Thermocycle
machine Model TC301, King Mongkut’s Institute of Tech-
nology, Bangkok, Thailand), according to ISO: 11405(2015)
protocol of 500 cycles between temperatures of 5 and 55 °
C with a dwell time of 20 seconds and a transfer time of
10 seconds.

Surface Hardness Measurement
The surface Vickers microhardness (VHN) was measured on
the polished surface of each specimen using amicrohardness
tester (FM-800, Future Tech, Kawasaki, Japan) with a 300 g
load for 15 seconds. Three indentations per specimen were
measured. The first indentation was located at the center of
the specimen. The second and third indentations were
located 1mm apart from the first indentation at the right
and left, according to ISO 6507–1(2018)17 and ASTM E384–
11(2011).18 The VHN mean were calculated and recorded.
VHN measurements were performed by one operator
with good internal observer reliability (intraobserver
reliability¼0.864)

Statistical Analysis
The data were analyzed using IBM SPSS version 24.0 (SPSS
Inc., Chicago, Illinois, United States). The normality of VHN
was examined using the Shapiro–Wilk test. The Shapiro–
Wilk test indicated normal distribution of VHN in all groups
(p>0.05). The VHN average values were compared using
two-way ANOVA and Tukey’s posthoc test, considering two
factors (dental adhesive type and thermocycling procedure)
and their interaction. The statistical significance levelwas set
at p<0.05.

Results

The mean VHN values and standard deviations (SD) for the
composites were shown in ►Table 2. Two-way ANOVA
revealed that factors including dental adhesive system, ther-
mocycling procedure and their interactions had statistically
significant on VHN (p<0.01).

At 24hours, without thermocycling, ranking of VHNwere
divided into two levels as shown in ►Table 2: (1) control
group (59.96�3.68), Optibond FL (59.83�4.54) and Opti-
bond XTR (54.96�3.68) and (2) Optibond XTR
(54.96�3.68), Optibond SOLO (51.73�4.63) and Optibond
AIO (51.45�4.11). The VHN of Optibond XTR were not
statistically significant compared with that of control and
all other adhesives.

In contrast, after thermocycling, the VHN of all adhesive
typeswere significantly lower than that of control. Therewas
no statistical difference (p>0.05) in VHN among adhesive
types.

Thermocycling significantly decreased the VHN of com-
posite in both control and all type of adhesives (p>0.05).

Discussion

Dental composite basically consisted of four main compo-
nents: an organic polymer matrix, inorganic filler particles, a
silane coupling agent that bound the filler particles with the
matrix, and chemical groups that promote or modulate the
polymerization. Monomers used in compositewere base and
diluent monomers. The base monomer, which has high
viscosity, resulted in adherence of composite to the instru-
ment during the application. Due to stickiness of composite,
many techniques have been used to overcome this problem.

Fig. 1 Experimental design of the study.
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Therefore, some clinicians used the dental adhesive to lubri-
cate the instrument or dental brush while shaping the
smooth surface of composite.3,6,19,20

Previous studies on the effect of dental adhesive lubricat-
ed between incremental composite has found that there was
no negative effect on cohesive strength of composite,3,19

while it had negative effect on the diametral tensile strength
and water uptake of composite.21 If necessary, the adhesive
solution of 3-step etch and hydrophobic rinse was recom-
mended.21 A study suggested that hydrophobic adhesive
resin lubricated between incremental composite increased
the physical andmechanical properties ofmaterial. The same
trend was not presented with more hydrophilic adhesives.9

There were some studies on the use of adhesive or
modeling liquid coated on the outer surface of composite.
A study showed that composite surface coatedwith adhesive
has no alterations in color and opacity, and also enhanced the
color stability to stain.12Other studies have shown that using
modeling liquids on the outer surface could reduce the
microhardness of composite.6,7,22 However, the surface
hardness of composite affected from different dental adhe-
sive systems on the outer surface of composite has never
been reported. Therefore, this in vitro study was emphasized
on the effect of surface coatingwith different dental adhesive
systems on microhardness of composite without and with
500 thermocycles.

With regard to the VHN of composite at 24 hours, without
thermocycling, FL and XTR showed no difference compared
with control. On the other hand, SOLO and AIO showed
statistically significant lower VHN than control and FL. The
different hydrophilicity of the adhesive resin compositions
may lead to the different VHN of the composite.23 Acidic
primers and water-ethanol solvent were mixed with resin
monomers in 2-step etch and rinse (SOLO) and 1-step self-
etch (AIO). These adhesives were more hydrophilic than 3-
step etch and rinse (FL) and 2-step self-etch (XTR), in which
adhesive resin bottle was separated.20 The hydrophilic adhe-
sive of SOLO and AIO that coated on composite surface may
decrease monomer conversion and polymerization than
hydrophobic adhesive of FL and XTR.16 On the other hand,
hydrophobic adhesive resin of FL and XTR had no effect on
surface hardness compared with control.6 This phenomenon
may be further explained, in that water in SOLO and AIO
solvent left on composite surface and entrapped in compos-
ite before and during light cure process can lead to porous
formation at the surface. Taken together, the decrease in

monomer conversion and polymerization led to the reduc-
tion of surface hardness.3,11,20,24

After 500 thermocycles, the VHN of composite was found
decrease in all groups. Similar to many studies, thermocy-
cling significantly decreased the microhardness of compos-
ite.6,14 ISO TR 11450(2015) standards indicated that a
thermocycling regimen comprising 500 cycles in water
between 5 °C and 55 °C was appropriated for simulating
artificial short-term aging of dental materials.25 Organic
matrix and inorganic fillers have different thermal expan-
sion properties; therefore, they react differently to thermal
changes. These could have an effect on VHN of composite.
Moreover, water uptake of poorly polymerized resin in
composite may accelerate hydrolysis degradation of ma-
trix-filler interface in composite as well as induce superficial
stress because of a high temperature gradient variation close
to the surface.14After thermocycling, the results of this study
showed that using the dental adhesive to lubricate composite
instrument and coating on the composite surface significant-
ly decreased the VHN than the control.

The effect of aging process on mechanical or physical
properties of dimethacrylate resin depended on the chemical
structure of resin.16,26 Even though, at 24hours, without
thermocycling, adhesive layer of FL and XTR on composite
surface has no effect on VHN. A small amount of low-
viscosity adhesive resin probably penetrates into composite
surface before curing process, making it more susceptible
to water degradation and thermal stress after
thermocycling.14,27

From this study, hydrophobic FL and XTR can be coated
minimally on composite surface, if necessary, because they
have no negative influence on surface hardness of composite
at 24 hours. Based on the observation by the authors, coating
adhesive on composite surface can ease of the management
andminimize the stickiness of the composite, corresponding
with many previous studies.3,19However, ideally, the micro-
hardness and other mechanical and physical properties of
composite should not be deteriorated over time. As shown in
this study, a significantly decreased in VHN after thermocy-
clingmay lead to an increase surface roughness after a period
of use.15,28 On the other hand, adhesive resin penetrating
into the composite may prevent the occurrence of voids and
defects inside the composite.

The disadvantage of coating adhesive on composite sur-
face clinically might be mitigated by finishing and polishing
steps.6,29 However, the effect of the adhesive penetration

Table 2 VHN values for each group, without and with thermocycling

Aging process Surface hardness values (VHN, kg/mm2) (mean� SD) of tested materials

Control OptiBond FL OptiBond SOLO plus OptiBond XTR OptiBond
All in one

Without thermocycling 59.96�3.68 Aa 59.83�4.54 Aa 51.73� 4.63 BCa 54.96�3.68 ACa 51.45� 4.11 BCa

With thermocycling 53.57�3.37 Ab 44.24�2.57 Bb 41.81� 3.05 Bb 43.76�2.98 Bb 40.95� 2.85 Bb

Abbreviations: SD, standard deviation; VHN, Vickers microhardness.
�Note: Different letters (uppercase letter in the same row and lowercase letter in the same column) indicate statistically significant differences
(p< 0.05).
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into composite and finishing and polishing processes on
microhardness is still unknown in this study. The limitations
of this study were using only single type of composite and
also single type of dental adhesive in each system (three-step
etch and rinse, two-step etch and rinse, two-step self-etch
and one-step self-etch). Further studies need to be tested
with a variety of composites and dental adhesives.

Conclusions

Composite coated with different adhesive systems have
different effects on VHN at 24 hours. Hydrophobic adhesive
resin (FL and XTR) have no negative influence on surface
hardness of composite resin at 24hours. After thermocycling,
all of adhesive resin systems coated on composite surface
significantly decreased the VHN.
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