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Objective The aim of this study was to evaluate the effects of a nanofilled resin-base 
coating on the physical and mechanical properties of four different types of resin 
composites.
Materials and Methods Disc-shaped specimens of four resin composites (Aura 
bulk fil [SDI], IPS Impress Direct [Ivoclar], Filtek Z250, and Filtek P60 [3M/ESPE]) were  
prepared and divided in two groups: either uncoated or coated with G-coat plus  
(n = 10). The specimens were obtained and stored in distilled water (DW) at 37°C. 
For water sorption and solubility, the specimens were stored for 60 days in DW and 
measured according to ISO 4049 instructions. The specimens were subjected to color 
change (ΔE), microhardness, and flexural strength (FS) measurements after 24 hours 
and 60 days of immersion in DW.
Statistical Analysis ANOVA, post hoc Tukey’s, and independent t-tests were used to 
analyze data.
Results Mean solubility values of coated groups were significantly lower than that of 
uncoated ones (p < 0.001). No significant differences were detected between neither 
water sorption nor FS of coated and uncoated groups (p = 0.502 and p = 0.510, respec-
tively). For all materials except IPS Empress, the mean values for ΔE were not statisti-
cally different between coated and uncoated groups, and mean microhardness values 
of the uncoated groups were significantly greater than the coated groups (p < 0.001).
Conclusion Coating resin composites improved water sorption and solubility but 
increased ΔE, decreased microhardness, and had no significant effect on FS in the long run.
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Introduction
The physical and mechanical properties of restorative mate-
rials are the main consideration in selecting them for den-
tal practice. An ideal restorative material needs to be strong 
enough to endure the mastication forces, and resist against 

degradation and discoloration in the harsh environment of 
oral cavity. Resin composites are highly sought for esthetic 
restorations because of its various range of shades and com-
patibility with enamel.1 The most important advantages of 
resin composite is its ability to bond to enamel microme-
chanically,2 and its longevity which has been reported for 
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approximately 7 years.3 Hardness, flexural strength (FS), color 
stability, and water sorption/solubility are the critical and rel-
evant mechanical and physical properties to be investigated.

Previous studies have shown that the mechanical prop-
erties of resin-based restorative materials will be signifi-
cantly influenced by aging and water storage due to sorption 
and solubility.4,5 Sorption arising from the polymer matrix 
hydrolytically degrades the network structure, de-bonds the 
silanized filler, and consequently influences the solubility of 
these materials.6 Moreover, the effect of storage in distilled 
water (DW) on the hardness of esthetic restorative materials 
is well established.7,8 Discoloration of resin restorative mate-
rials is also affected by a variety of factors including sorption/
solubility and the material’s composition.9-11

To prevent the surface of esthetic restorative materials 
from moisture contamination, improving their durability 
in the moist oral environment, a coating agent was intro-
duced.12 G-coat Plus is a self-adhesive nanofill resin base 
coating that provides maximum surface protection and con-
tains single phase dispersed nanofillers (30 nm) that is light 
polymerized.13 Several studies found that protective resin 
coating may reduce microleakage,14 and increase color stabil-
ity and FS of resin-based materials.12,15 Hankins et al studied 
the influence of a nanofill resin-based coating application on 
water absorption by teeth filled with glass ionomer cement, 
concluding that resin coating may reduce water absorption.16 
Others have reported a positive effect of G-Coat Plus on the 
shear punch and FS of resin-based restorative materials, yet a 
negative effect on their hardness.12

Although A positive effect of resin-coating on the mechan-
ical and physical properties of RMGICs has been reported in 
previous studies,12,15,17,18 the influence of resin coating on 
the physical and mechanical properties of different types of 
resin composites and their possible long-term effects remain 
unknown.

To simulate the clinical efficacy of nanofill resin-base coat-
ing, our study aimed to examine and compare the mechan-
ical (Vickers microhardness and FS) and physical (sorption/

solubility and color stability) properties of Aura, IPS Empress 
Direct, Filtek Z250, and Filtek P60 with and without applying 
G-Coat Plus up to 60 days. The null hypothesis was that the 
application of G-Coat Plus would not change the physical or 
mechanical properties of those resin composites.

Materials and Methods
The materials used in this study are presented in ►Table 1.

Specimen Preparation for Physical Properties
For sorption/solubility and color stability tests, 40 disc-shaped  
specimens (10.0 mm diameter × 1.0 mm thick) were prepared 
for each material. The material was positioned in the appropriate 
plastic mold and hand-pressed between two transparent plastic 
matrix strips and glass plates to obtain a flat surface. Materials 
were light cured through the transparent matrix in accordance 
with the manufactures’ instruction for 20 seconds by means of 
a LED curing unit (Radii plus LED; SDI, Victoria, Australia) with 
a wavelength of 440 to 480 mm and emitting light intensity of 
1,500 mW/cm2. Then the specimens were detached from the 
mold and manually wet polished in the edges by using 1,000 
grit silicon carbide paper. The disc-shaped specimens of each 
material were subdivided randomly into two groups: 20 coated 
and 20 uncoated. G-Coat Plus was applied to both sides of the 
specimens in the coated group by using a brush and then light 
cured based on the manufacturer’s suggested exposure time. 
Half of the specimens in each group were exposed to sorption/
solubility tests (n = 10), and half were subjected to color mea-
surements (n = 10). Measurements of sorption/solubility and 
color stability were conducted as below.

Water Sorption/Solubility
According to ISO 4049’s instructions, the specimens were 
put in a desiccator (Labx Company; Ontario, Canada) holding 
freshly dried silica gel (Sigma-Aldrich; Taufkirchen, Germany) 
at 37°C for 22 hours and then at 25°C for 2 hours. The weight 
of the specimens was measured after 24 hours on a digital 

Table 1  Description of all the resin composites used in the study

Resin
composite

Type Manufacturer Resin matrix Filler content (wt%),  
type, size

Lot number

aura (Bulkfill) Nano-Hybrid SDI, Melbourne, 
Australia

UDMA, Bis-EMA, Bis-GMA, 
TEGDMA

Amorphous SiO2, Barium  
aluminosilicate glass,  
prepolymerized filler (72.71%)

160841

IPS Empress Nano-Hybrid Ivoclar 
Vivadent AG, 
Liechtenstein

Bis-GMA, TEGDMA, DMAEMA Barium-aluminum-fluorosilicate 
glass, ytterbium trifluoride, 
prepolymerized filler (79%)

V10919

Filtek Z250 Micro-Hybrid 3M ESPE, USA Bis-GMA, UDMA, bis-EMA, 
TEGDMA

Zirconia, Silica (78%) N694978

Filtek P60 Micro-Hybrid 3M ESPE, USA Bis-GMA, UDMA, bis-EMA Zirconia, Silica (0.01–3.5) µm, 
(61%)

N511095

G-Coat Plus Light-cured 
resin coating

GC Japan Urethane methacrylate/methyl 
methacrylate/camphorquinone/ 
silicon dioxide/phosphoric ester 
monomer

1311121

Abbreviations: Bis-GMA, bisphenol A-glycidyl methacrylate; Bis-EMA, ethoxylatedbisphenol-A-dimethacrylate; DMAEMA, dimethyl amino ethyl meth-
acrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate. 
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scale (GR-3000; A & D CL Toshiba, Tokyo, Japan) to an accu-
rateness of ±0.1 mg. This procedure was performed each day 
until a constant weight was attained (M0). Then the specimens 
were immersed into DW for 60 days, removed, blotted dry, 
and weighed again until the mass became constant (M1). The 
water was changed weekly in the first 60 days. Then the spec-
imens were put back in the desiccator for another 60 days and 
recorded (M2), all masses are in micrograms. Thickness and 
diameter of each specimen were measured, calculating the 
volume (V): V = π × r2 × h. Using the following equations, the 
water sorption (Wsp) and solubility (Wsl) values were calcu-
lated in μg/mm3: Wsl = (m0−m1)/V, Wsp = (m1−m2)/V

Color Change
The color of specimens was measured after 24 hours and 
60 days of immersion in DW in the dark room. The specimens 
were removed from DW, blotted dry with tissue paper, and 
placed on a white background. The color of the specimens was 
assessed using the Commission Internationale d’Eclairge L*a*b* 
color coordination (CIE L*a*b*). The color alteration value (ΔE) 
between 24 hours and 60 days of measurement was measured 
with the following formula: ΔE = [(ΔL)2 + (Δa)2 + (Δb)2]1/2.

Specimen Preparation for Mechanical Properties
For FS and Vickers hardness number (VHN) tests, a total of 40 
bar-shaped specimens of 2 mm in height, 5 mm in width, and 
25 mm in length were prepared for each material. Restorative 
materials were located in the mold between two matrix 
strip and glass slabs, and were pressed to extrude the spare 
material. The materials were cured in three equal sections 
according to manufacturer recommended time for 20 seconds 
on each section. This procedure was repeated for the oppo-
site side after the specimen were removed from the mold. 
Specimen boundaries were wet polished manually using a sil-
icon carbide paper in a circular motion. Specimens were ran-
domly divided into two groups: coated (n = 20) and uncoated 
(n = 20). A thin layer of GCP was applied on one surface of the 
coated group using a brush and cured by means of the light 
curing unit for 20 seconds. Then specimens of each group 
were subdivided into another two groups and kept in DW at 
37°C for either 24 hours (n = 10) or 60 days (n = 10). Following 
each time interval, the test specimens were removed from the 
water, and FS and VHN were measured as below.

Flexural Strength Test
Prior to the test, the width and height of each specimen was 
measured using a digital caliper (Absolute Caliper; Mitutoyo 
Kawasaki, Japan) with a precision of 0.1 mm. The specimens 
were positioned in the universal testing machine (ZwickRoell 
Group; Germany) by means of a 4-point bend test jig. The 
coated layer was faced down in a way that maximum ten-
sile loads were inserted on this surface. The specimens were 
loaded at a crosshead speed of 0.5 mm/minute. The maxi-
mum stress at failure was documented, and FS was measured 
with the following formula: r = 3.F.(L1–L2)/2.b.d,2 where F is 
the force at the fracture point (N); L1 and L2 are the outer and 
inner roll span of the jig respectively; b is specimens width 
(mm); and d is the specimens height (mm).

Vickers Microhardness Number
The specimen’s halves remained from the fracture toughness 
test were to test hardness. Three specimens were selected 
from each group and subjected to three indentations 35 µm 
apart across the specimen surface by means of a Vickers hard-
ness tester (MHV-1000Z; SCTMC, Shanghai, China) (n = 3 × 3  
indentation = 9). A 300 g load was applied for 10 seconds. The 
average microhardness number was recorded as VHN.

Data Analysis
Data were described using mean and standard deviation 
(±SD). Kolmogorov–Smirnov test was employed for assess-
ing normality assumption. Two-way ANOVA was applied to 
investigate any interaction between materials and coatings 
for the water sorption and solubility tests, and three-way 
ANOVA was employed to analyze the effect of the factors 
(material, coating, and time) on the response variables for 
Vickers microhardness and FS tests. In the case of a signif-
icant interaction effect, subgroup analyzes using one-way 
ANOVA/Tukey honestly significant difference and indepen-
dent t-tests were performed. The significant level was set to 
be α = 0.05.

Results
Comparison of Water Sorption and Solubility
The normality assumption was confirmed in all cases. 
►Table  2 shows means ± SD for water sorption (Wsp) and 
solubility (Wsl) variables. Two-way ANOVA for Wsp variable 
indicated that there was no significant material × condition 
interaction effect (p = 0.998). The results of two-way ANOVA 
are also shown in ►Table  2 for both variables. Main effect 
analyzes revealed no significant difference between coated 
(5.24 ± 1.66) and uncoated (5.48 ± 1.52) groups by controlling 
the type of material (p = 0.502). However, there was a sig-
nificant difference between mean Wsp of the four materials  
(p < 0.001) when the effect of condition had been controlled. 
Mean Wsp of Aura (3.32 ± 1.00) was significantly lower than 
other materials (p < 0.001), followed by IPS Empress (5.41 ±  
0.96) and Filtek Z250 (6.07 ± 1.11; p = 0.001). There was no 
significant difference between Filtek Z250 and Filtek P60 
(6.66 ± 0.73; p = 0.209).

No significant interaction effect was found for Wsl  
(p = 0.999). By controlling the effect of material type, mean 
Wsl of coated groups were significantly lower than that 
of uncoated groups (p < 0.001). There was also a signifi-
cant difference between mean Wsl of the four materials  
(p < 0.001) by controlling the effect of condition. Mean Wsl 
of both Aura and IPS Empress were greater than those of 
Filtek Z250 (−2.03 ± 3.56) and Filtek P60 (−3.62 ± 0.78; all 
p < 0.001).

Comparison of Color Change
There was a significant interaction effect between mate-
rial and condition (p = 0.008). Therefore, comparisons were 
made based on subgroup analyzes instead of main effect ana-
lyzes. The mean ΔE values are presented in ►Table 3. Coated 
and uncoated groups were not statistically different for all 
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materials except for IPS Empress, the mean ΔE of the coated 
group (10.86 ± 4.26) was greater than the uncoated one (5.37 ±  
1.81; p = 0.003). Among coated specimens, mean ΔE of IPS 
Empress was significantly greater than only Filtek P60 (5.37 ± 
2.95; p = 0.024). In uncoated groups, mean ΔE of Filtek Z250 
(8.78 ± 4.13) and Aura (6.53 ± 1.52) were significantly greater 
than Filtek P60 (3.47 ± 1.96; p1=0.008 and p2 =0.017, respec-
tively). In this case, the other groups were statistically similar.

Comparison of Flexural Strength
A three-way ANOVA was used to analyze the effect of mate-
rial, condition, and time on FS. Mean FS for different combina-
tion of material, condition, and time are shown in ►Table 4. 
There was only a significant interaction effect between mate-
rial and time (p = 0.001). Therefore, main effect results were 
reported only for condition and subgroup analyzes approach 
was used to assess the effect of different combinations of 
material and time.

By controlling the effect of time and material, the over-
all mean FS of the coated groups (57.96 ± 20.12) and 
uncoated ones (58.89 ± 23.28) were not statistically different  
(p = 0.510). After 24 hours, Filtek P60 had the greatest mean 
FS, followed by Aura (p < 0.05). After 60 days, the Filtek P60 
revealed significantly higher FS than Aura (48.20 ± 8.98) and 
Filtek Z250 (48.87 ± 17.93) with no significant differences 
between the other materials.

In Aura, time 1 (24 hours; 65.58 ± 9.51) provided a greater 
mean FS than time 2 (60 days; 48.20 ± 8.98; p < 0.001). But,  
the mean FS of time 1 (37.96 ± 8.17) was lower than time 2 
(48.87 ± 17.93) in IPS Empress (p = 0.044). In other material, 
the two time points were not statistically different in mean FS.

Comparison of Vickers Microhardness
The three-way analyzes of ANOVA for VHN showed that all 
interaction effects were significant. Therefore, subgroup ana-
lyzes were done to study the effects of the three variables. 
►Table  5 shows mean microhardness for different combi-
nation of subgroups. Mean VHN of the materials were sig-
nificant in each combination of conditions and time points. 
In coated groups after 24 hours, the mean VHN of Filtek P60 
was significantly greater than other materials (all p < 0.001) 
and after 60 days, there was a significant difference only 
between Filtek Z250 (41.28 ± 7.16) and Aura (30.28 ± 5.03;  
p = 0.024). In uncoated groups after 24 hours, Filtek P60 
(74.08 ± 6.04) had the greatest mean VHN values when com-
pared with the other materials (p < 0.001). Moreover, mean 
VHN of Filtek Z250 (44.80 ± 3.97) and Aura (41.14 ± 1.94) 
were significantly greater that IPS Empress (26.27 ± 0.74). 
In uncoated groups of 60 days, Filtek P60 (71.75 ± 3.32) and 
Filtek Z250 (70.24 ± 5.83) had the significantly greatest mean 
VHN values (p < 0.001). In addition, Aura (41.94 ± 1.85) had a 
greater mean VHN than IPS Empress (33.55 ± 1.34; p < 0.001).

Table 2  Mean ± standard deviation of water sorption and solubility (µg/mm3)

Variable Material Condition Total Two-way ANOVA results

Coated Uncoated Effect p-Value

Water sorption Aura 3.28 ± 1.12 3.36 ± 0.91 3.32 ± 1.00

IPS 5.19 ± 0.82 5.36 ± 1.07 5.41 ± 0.96 Material <0.001

FZ250 5.70 ± 1.07 6.37 ± 1.10 6.07 ± 1.11 Condition 0.502

FP60 7.01 ± 0.81 6.34 ± 0.50 6.66 ± 0.73 Interaction 0.998

Total 5.24 ± 1.66 5.48 ± 1.52

Water solubility Aura −0.60 ± 1.27 2.45 ± 2.20 0.92 ± 2.34

IPS −1.10 ± 0.81 1.15 ± 1.30 0.09 ± 1.57 Material <0.001

FZ250 −3.82 ± 1.29 −0.04 ± 4.26 −2.03 ± 3.56 Condition <0.001

FP60 −3.36 ± 0.75 −3.85 ± 0.76 −3.62 ± 0.78 Interaction 0.999

Total −2.22 ± 1.76 −0.08 ± 3.37

Note: For better illustration, the values were multiplied by 100,000.

Table 3  Mean ± standard deviation of color change values

Material Condition Two-way ANOVA results

Coated Uncoated Effect p-Value

Aura 7.75 ± 2.98a, AB 6.53 ± 1.52a, A Material
Condition
Interaction

0.001
0.013
0.008

IPS 10.86 ± 4.26a, A 5.37 ± 1.81b, AB

FZ250 7.31 ± 3.86a, AB 8.78 ± 4.13a, A

FP60 5.37 ± 2.95a, B 3.47 ± 1.96a, B

Note: In each condition, mean values with at least a common capital letter were not statistically different (one-way ANOVA/Tukey’s post hoc test).
In each row, mean values with at least a common small letter were not statistically different (independent t-test).
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At each time point and in all materials except for IPS 
Empress, the mean VHN of the uncoated group was sig-
nificantly greater than the coated group (all p < 0.001). 
In the case of IPS Empress, there was no significant differ-
ence between coated and uncoated conditions at any time 
point. In coated and uncoated IPS Empress and Z250, time 
2 (60 days) provided greater mean VHN values than time 1 
(24 hours; p < 0.001). However, this association was inversed 
for coated Filtek P60 (p < 0.001). In other cases, no significant 
differences were found.

Discussion
Surface sealants and coatings have been introduced as the 
potential agents to improve the surface properties,19 but they 
tend to de-bond over time. There is little information about 
the long-term effects of surface resin coatings on the proper-
ties of resin composites. Therefore, the present study aimed 
to evaluate the effects of a nanofilled resin-base coating agent 
on the physical and mechanical properties of four different 
types of resin composites (Aura, IPS Empress direct, Filtek 
P60, and Filtek Z250) for up to 60 days. The null hypothesis 
of this study was rejected as the findings revealed that the 
application of G-Coat Plus altered the physical and mechani-
cal properties of those resin composites.

Water Sorption and Solubility
Water plays an imperative role in the composite materials 
chemical degradation as it leads to hydrolytic reactions as 
well as material swelling.20 Water sorption and solubility are 

considered as determining factors in the restorative mate-
rials’ clinical success. These factors negatively influence the 
resin composite’s hydrolytic strength which in turn result in 
the staining of the material,21 degradation of its mechanical 
properties,22 and hydrolytic deterioration of the resin-filler 
bonds.23

According to the findings of the present study, there was 
a significant difference between the coated and uncoated 
specimens in terms of water sorption. In line with previ-
ous studies17,24 who showed that the application of a coating 
agent significantly decreased water sorption and solubility of 
RM-GICs, our findings verified that the coating application 
contributed to significantly reduced water sorption values 
of resin composites. Similarly, the application of a coating 
agent resulted in a significant reduction in the solubility 
values of almost all trial materials. The solubility of all of 
the materials showed negative values following the coating 
application indicating the materials’ low solubility. The low 
solubility values of the materials after being coated might 
be explicated by the ability of protective coating to maintain 
the water balance. The application of coating protects against 
crack dissemination and covers the porosities, which might 
consequently reduce water sorption and solubility.24

Moreover, among different types of tested resin compos-
ites, the water sorption of Aura was significantly inferior to 
the other materials. This could be explained by the polymer-
ization modulator chemical groups or plasticizers that might 
be present in the resin matrix of this bulk fill composite, 
reducing the polymerization shrinkage stress of the material 
when it is applied in bulk.25 In that case, the materials’ quality 

Table 4  Mean ± standard deviation of flexural strength values

Material Coated Uncoated Total

24 hours 60 days 24 hours 60 days Time 1 Time 2

Aura 65.93 ± 8.20 48.86 ± 9.563 65.23 ± 9.56 47.54 ± 8.96 65.58 ± 9.51a, A 48.20 ± 8.98b, A

IPS 38.15 ± 10.15 52.99 ± 17.07 37.73 ± 17.07 44.75 ± 18.95 37.96 ± 8.17 a, B 44.75 ± 18.95b, A

FZ250 39.71 ± 2.43 65.75 ± 23.62 53.50 ± 26.93 58.39 ± 26.13 47.99 ± 21.34a, B 62.07 ± 24.36a, AB

FP60 85.69 ± 10.04 61.42 ± 21.96 84.68 ± 12.28 84.49 ± 18.64 85.23 ± 10.53a, C 72.19 ± 23.06a, B

Total 57.96 ± 20.12a 58.89 ± 23.28a

Note: In each time point, mean values with at least a common capital letter were not statistically different (one-way ANOVA/Tukey’s post hoc test).
In each material, mean values of the two time point with similar lower letters were not statistically different (independent t-test).
For ease of illustration, comparisons of the two conditions are not reported in the table.

Table 5  Mean ± standard deviation of Vickers microhardness values

Material Coated Uncoated

24 hours 60 days 24 hours 60 days

Aura 29.62 ± 3.77a, A 30.28 ± 5.03a, A 41.14 ± 1.94a, A 41.94 ± 1.85a, A

IPS 26.13 ± 2.08a, A 33.30 ± 1.34b, AB 26.27 ± 0.74a, B 33.55 ± 1.34b, B

FZ250 29.70 ± 4.93a, A 41.28 ± 7.16b, B 44.80 ± 3.97a, A 70.24 ± 5.83b, C

FP60 50.71 ± 4.36a, B 35.78 ± 5.74b, AB 74.08 ± 6.04a, C 71.75 ± 3.32b, C

Note: In each time point, mean values with at least a common capital letter were not statistically different (one-way ANOVA/Tukey’s post hoc test).
In each material, mean values of the two-time point with similar lower letters were not statistically different (independent t-test).
For ease of illustration, comparisons of the two conditions are not reported in the table.
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of polymer network and their moisture resistance might 
be influenced by such chemical modifications. In addition, 
as expected, Filtek P60 showed the highest sorption values 
among tested materials. As previous studies have verified, 
the sorption values are negatively correlated to the quantity 
of filler loading.26 With an increase in the fillers weight %,  
the polymeric matrix decreases followed by a subsequent 
reduction in water sorption, a phenomenon of the polymeric 
phase.27 Thereby, higher water sorption values of Filtek P60 
could be attributed to its lower filler content.

Nevertheless, Aura and IPS Impress had the highest water 
solubility among the tested materials. The resin composition 
has an impact on the water solubility behavior of resin com-
posites. In this regard, higher solubility values of Aura and 
IPS Impress could be attributed to the TEGDMA (triethylene 
glycol dimethacrylate) present in their matrix which is one 
of the smallest molecules in the tested resin composites, and 
can be considered as the major monomer eluted in these 
materials.28

In the present study, DW was selected as the storage 
media in this study to simulate the liquids of oral cavity that 
are regularly in contact with restorations. A previous study 
showed that water and artificial saliva are analogous as 
storage media with regards to water sorption.27 The storage 
media was constantly substituted between each measure-
ment to evade pH changes over time affecting the diffusion 
process and solubility.29

Color Change
Color change of dental restorations is another important 
characteristic of resin composites in terms of longevity.30 In 
the present study, coating Filtek Z250, Filtek P60, and Aura 
did not significantly alter their ΔE values compared with 
the uncoated groups. However, for IPS Empress, the applica-
tion of coating increased the ΔE values. Therefore, the effect 
of coating on color stability can be considered as material 
dependent. One of the limitations of this study was that the 
effect of surface properties such as surface roughness on 
color stability was not evaluated alongside coating applica-
tion. The authors recommend that these properties be taken 
into account in future studies since they act as determining 
factors in materials’ susceptibility to staining. In consistency 
with our results on IPS Impress, Bagis et al31 stated that the 
usage of protective resin coating for resin-based restorative 
materials might result in more discoloration and rougher 
surfaces than without coating. Similarly, a previous study 
reported that coating applications might have negative 
effects on ΔE of resin-based restoratives during the aging 
procedures.10 In another study, Halacoglu et al32 showed that 
applying liquid resin polish did not improve the color stabil-
ity of the composite resin restorations.

In this study, significant differences in ΔE values were 
found among materials. In both coated and uncoated groups 
among materials, Filtek P60 revealed the least color alter-
ation compared with other resin composites. The setting 
reaction and surface reactivity are regarded as the influ-
encing factors in dental materials’ susceptibility to discolor-
ation.33 In addition, the degree of hydrophilic/hydrophobic 

nature of the resin matrix might also contribute to the speci-
mens’ susceptibility to staining after being immersed in DW. 
Water sorption principally arises as direct absorption by the 
resin matrix.34 Thus, the lower ΔE of Filtek P60 observed in 
the present study can be related to its resin matrix com-
position which is devoid of TEGDMA, a highly hydrophilic 
monomer present in other resin composites tested in  
this study.

The CIE L*a*b* color system, which is a three-dimensional 
method of color evaluation, was implemented to investigate 
color change in this study. L* is the lightness factor, and a*b* 
are the chromocyte coordinates in the red-green axis and the 
yellow-blue axis. DW was used as the storage media in this 
test as it imitates those liquids of oral cavity that associate 
with composite restorations. The results of the current study 
revealed that all ΔE values were greater than the clinically 
acceptable threshold of 3.3. This finding indicates that after 
60 days, the color change of all of the resin composites inves-
tigated in this study were clinically visible whether coated or 
uncoated.35

Flexural Strength
A common method to measure the brittleness of the mate-
rials is to investigate the FS in the transverse bending.36 In 
brittle materials such as resin composites, microcracks pres-
ent on the surface or inside the material will diminish its 
mechanical strength. It was expected that the surface coat-
ing agents which intend to fill surface voids and protect the 
surface throughout initial setting reaction, sustain adequate 
mechanical properties to endure forces. However, no signif-
icant differences were found between coated and uncoated 
materials with regard to overall mean FS values (p = 0.510). 
Our findings are in contrast with the results of Bagheri et 
al12 that reported an improvement in the FS of all the tested 
materials after applying GCP.

Among tested composites, Filtek P60 had higher FS com-
pared with other materials in almost all experimental condi-
tions, except for 60 days after which the coated Filtek Z250 
showed greater FS. Thus, the microhybrid composites tested 
in this experiment performed better than the nanohybrid 
composites in terms of FS.

Additionally, an interaction effect was observed between 
materials and time. In other words, the effect of time on FS 
was material dependent. While Aura showed higher FS in the 
first 24 hours compared with 60 days, IPS revealed greater FS 
after 60 days.

Vickers Microhardness
Microhardness might be defined as the resistance of a mate-
rial to permanent indentation or penetration.37 Any alter-
ation in microhardness might indicate the material’s setting 
reaction and the uncompleted maturation of the restorative 
material.38 In the present study, VHN were measured after 
24 hours and 60 days of storage in DW. Therefore, the matu-
rity of the resin composites was reached at the time of mea-
surement, and any differences observed in VHN between 
study groups could be attributed to the effects of coating 
application and material composition.
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In the first 24 hours, Filtek P60 and after 60 days, Filtek 
Z250 and Filtek P60 showed the highest VHN in both coated 
and uncoated groups. The microhybrid composites exhib-
ited higher VHN than the nanohybrid composites, whether 
coated or uncoated. These findings can be explicated by 
compositional differences between the two composites with 
microhybrid composites being composed of zirconia and sil-
ica filler particles that might be responsible for their greater 
microhardness. This finding is in agreement with previous 
studies which speculated that the type of inorganic filler is 
a potential coordinate influencing the materials’ hardness, 
with those consisting of zirconia/silica filler particles show-
ing higher surface hardness.15,39

The impact of water storage on the materials’ microhard-
ness is largely dependent on the type of material. As the stor-
age time increased, so did the VHN of IPS Impress and Filtek 
Z250. However, for Filtek P60, a significant decrease in micro-
hardness was observed after 60 days of water storage. While 
our findings found no deleterious effect of 2-month water 
aging on the microhardness of Filtek Z250, Moraes et al40  
reported a significant softening effect of 6-month water stor-
age on the surfaces of this resin composite.

Furthermore, the application of a coating agent led to a 
significant reduction in the microhardness values as the 
uncoated materials revealed higher VHN than the coated 
composites both after 24 hours and 60 days of water immer-
sion. This finding was expected as the resin-enriched top layer 
is a much weaker phase than the bulk of the cured material 
and its presence would probably result in greater indenter's 
depth of penetration of to the subsurface restorative mate-
rial. Similarly, Bertrand et al19 revealed that the application of 
resin coating caused a decrease of the microhardness of the 
resin composite’s surface. Bagheri et al12,15 also reported a sig-
nificantly lower VHN in their study following the application 
of GCP compared with the uncoated groups.

These findings demonstrate that each restorative dental 
material entails its own treatment modality to obtain sur-
faces, which have least color change along with the highest 
strength. In addition, Filtek Z250 and Filtek P60 with the 
highest VHN and FS values can be ideally used in posterior 
region while IPS Impress and Aura should be used with cau-
tion in the load-bearing area. Although coating resin compos-
ites might be beneficial in terms of reducing water sorption 
and solubility, the application of resin coating might be a risk 
factor for ΔE, VHN, and FS in the long run. Although the effect 
of water aging was taken into account in this study, further 
in vivo experiments are required to substantiate the data 
obtained in this research. The effect of resin coating on the 
surface roughness of resin composites would be an interest-
ing topic for future studies.

Conclusion
Within the limitations of the present study, it was concluded 
that coating the resin composites might be beneficial in 
terms of reducing water sorption and solubility, protective 
resin coating for resin composites might not be an advantage 
for the materials’ color stability, Vickers microhardness, and 

FS in the long term. Among tested composites, Filtek P60 
exhibited the least color change and the highest water sorp-
tion, Vickers microhardness, and FS.
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