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ABSTRACT

Objectives: Nanoindentation technique was used to evaluate the effect of thermal aging on 
Young’s modulus (E) and nanohardness (H) of bulk‑fill and fiber reinforced resin composites. 

Materials and methods: Three resin composites that fall into the categories of conventional 
(GrandioSo, Filtek Z350 XT; Z250), bulk‑fill (tetric Evo ceram, flowable SDR Flow) and fiber 
reinforced (Ever-X posterior, Alert) were evaluated in this study. Ten disc specimens (8 mm × 2 
mm) were prepared from each material. The E and H were determined by a nano-mechanical tester 
(UMT 1, Bruker, Santa Barbara, CA, USA) equipped with a Berkovich diamond indenter tip both 
before and after thermocycling 5,000 times in distilled water (5°C-55°C). Data were collected and 
statistically analyzed using one‑way analysis of variance and paired t‑test. 

Results: All materials were significantly different from each other regarding Hardness before 
and after themalcycling with the highest means for GrandioSo and Alert. It was found that GrandioSo 
and Alert had the highest modulus values. But no significant differences between Tertic evo ceram, 
Z250, and Ever X. All of the evaluated composites showed a significant drop in hardness as a result 
of thermal cycling, while only a minor reduction(insignificant) in elastic modulus was observed. 

Conclusion:  E and H were significantly increased when the filler content increased.  H was 
significantly affected by thermal cycling. E was slightly affected by thermal cycling.

KEYWORDS: Nanohardness, nanoindentation, resin composites, thermal cycling, Young’s 
modulus.
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INTRODUCTION 

Due to the aesthetic characteristics of dental 
composite resin, it is the preferred material among 
patients and dentists (1). To overcome their disadvan-
tages, such as polymerization shrinkage and frac-
ture, attempts are made to improve the physical and 
mechanical qualities of dental composite resin(2-4). 
This needs a detailed examination of their con-
stituents (the resin matrix, the filler, the filler-resin 
interface) and their effects on material properties. 
Various research has studied this in attempt to en-
hance composite properties by changing filler size, 
amount, or chemistry of the organic matrix (4,5).

Developments in dental composite resin filler 
and polymer technology have resulted in a wide 
range of materials with appropriate characteristics 
for each clinical situation (4). However, using den-
tal composites in high-stress areas can be challeng-
ing for dentists, because bulk fracture is still one 
of the most common causes of failure (2,6) . Bulk fill 
composites with improved physical and mechani-
cal properties as well as a higher cure depth (4mm) 
were introduced to improve the clinical performance 
of composite resin restorations. They are used in 
the posterior teeth to withstand higher masticatory 
stresses, reduce treatment time, and to reduce the 
risk of air inclusion and moisture contamination (7). 
They’re also said to improve light transmission and 
reduce cuspal deflection (7,8). 

Fiber reinforcement is another way to improve 
the physical and mechanical qualities of convention-
al dental composites while also increasing fracture 
resistance. This is accomplished by stress transfer 
from the matrix to the fibers, which was dependent 
on the length and diameter of these fibers. Garoushi 
et al. investigated the effect of fiber inclusion in 
dental composites and discovered that the physical 
properties of composite materials were significantly 
improved (9)  . For the success of final restorations, 
it is necessary to have a thorough understanding of 
the mechanical properties of dental materials. Com-
posite restorative materials’ clinical behavior and 
lifespan are determined by their mechanical charac-
teristics (10), which are influenced not only by their 

compositions but also by changes in the oral cav-
ity(11) . Water sorption in resin composites, as well 
as its negative consequences such as  hydrolytic 
deterioration of the resin matrix and matrix-filler 
interface debonding, has a detrimental impact on 
the physicomechanical characteristics of these ma-
terials and, as a result, their long-term survival(12). 
Mechanical parameters such as Young’s modulus 
and hardness can be used to estimate a material’s re-
sistance to occlusal forces (13). Young’s modulus is a 
measure of a material’s elastic stiffness. Restorative 
materials with a greater Young’s modulus can with-
stand deformation and cuspal fracture, particularly 
in posterior teeth with higher stresses; however, ma-
terials with a lower Young’s modulus deform more 
under occlusal forces, resulting in catastrophic frac-
ture(14,15). As a result, Young’s modulus and the reli-
ability of restorative dental materials are linked(16). 
The Young’s modulus that is most desired is one 
that is comparable to that of dentin (17).

Hardness is defined as a material’s resistance to 
persistent indentation or penetration (18). It’s used to 
show how resistant a material is to wear and abra-
sion when compared to opposing tooth structure or 
materials (19). Wear affects restorations on a daily ba-
sis, both during use and during cleaning (16). Surface 
hardness is important since abrasion is the cause of 
wear. As a result, one of the most important require-
ments, particularly in posterior stress-bearing areas, 
is the hardness of the restorations (20). Hardness is a 
mechanical characteristic that should be considered 
when defining restorative materials because of its 
link to other physical qualities (21).      

Nanoindentation is a precise and accurate tech-
nique for determining the local mechanical prop-
erties of very small amounts of material, such as 
hardness and elasticity modulus (22). Most earlier 
investigations on hardness testing were done at 
a microscopic level (23-25). However, in this study, 
hardness was assessed at the nanoscale utilizing 
modern technology and the nanoindentation tech-
nique. Several dental researches have suggested 
that nanoindentation can be used to characterize the 
mechanical properties of resin composites and tooth 
structures (21,26).
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The purpose of this research was to evaluate the 
hardness and elastic modulus of fibre reinforced and 
bulk-fill resin-composites before and after thermal 
cycling in comparison to conventional resin-com-
posites by nanoindentation. The null hypotheses 
were: (1) there was no significant difference in 
nanohardness between the tested resin composites 
before and after thermal ageing; (2) there was no 
significant difference in nanoelastic modulus be-
tween the tested resin composites before and after 
thermal ageing.

MATERIALS AND METHODS

Table 1 represents the restorative materials that 
were evaluated. The restorative materials were han-
dled according to the manufacturer guidelines, and 
all specimen’s preparation procedures were accom-
plished by one operator.

Half-split stainless-steel round mold with 8 mm 
diameter and 2 mm thickness (27) was used to make 
10 composite specimens of each composite type. 
Mold was put on a glass slide covered by Mylar 
strip and separating medium was applied to the 
mold walls with a brush, then composite material 
was applied to the mold cavity according each type 
(e.g., flowable SDR Flow by injecting technique 
and SureFil SDR with a plastic instrument).  
After that, glass slide covered with Mylar strip was 
put on the top of the mold. Curing was carried out 
from the top and the bottom of the specimens before 
removal from the mold. Curing was achieved by 
light-emitting-diode LED curing unit for 20 secs 
with four overlapping light exposures to cure the 
entire length of specimen. Wavelength range of 
LED curing unit was between 430-485 nm and 
output intensity was at 1200 mW/cm2.

TABLE (1): Specifications of tested resin composite materials 

Commercial 
Name Composite Type Manufacturing Chemical composition Filler loading 

(wt %)

GrandioSo Conventional 
Nanohybrid 

Voco, Cuxhaven, 
Germany

Matrix: Bis-GMA, Bis EMA, TEGDMA
Filler: glass ceramic fiber, functionalized silicon 

dioxide nano particles

89%

Ever-X 
Posterior

fiber reinforced 
bulk fill

GC, Tokyo, Japan Matrix: Bis-GMA,  TEGDMA,PMMA
Filler:short E glass fibers filler, barium glass

74.2%

Filtek™ Z350 
XT

Conventional 
Nanofill

3M ESPE, St 
Paul,MN,USA

Matrix: Bis-GMA, UDMA, Bis-EMA, TEGDMA
Filler: silica nanofiller (5−75 nm), zirconia/silica 

nanocluster (0.6−1.4 μm)

72.5%

Alert Condensable Dental 
Hybrid Composite

Jeneric/Pentron, 
Wallingford, CT

Bis-GMA, UDMA, TEGDMA, THFMA, 
Filler: Silica and micrometer scale glass fiber .

84%

Tetric Evo 
ceram

Nanohybrid bulk 
fill

Ivoclar Vivadent, 
Chicago, USA

Matrix: Bis-GMA, UDMA, Bis-EMA
Filler: Barium glass

80%

Z250 Conventional 
Microhybrid

Ivoclar Vivadent, 
Chicago, USA

Matrix: BIS-GMA, TEGDMA, UDMA, 
functionalized dimethacrylate.

 Filler: Zirconia/silica

76%

Flowable SDR 
Flow

Flowable bulk-fill DENTSPLY 
Caulk, Milford, 
Delaware, USA

Matrix:modified UDMA, TEGDMA, EBPDMA, 
pigment, photoinitiator, barium and strontium 

alumino-fluoro-silicate glasses, Silicon Dioxide—
Amorphous, Strontium. Aluminosilicate Glass.

68%
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After curing of each specimen; the mold was 
opened and the excess composite was removed. 
The specimens were polished with Sof-Lex discs 
(3 MESPE, Seefeld, Germany) in a decreasing 
order of abrasiveness (Coarse 55m, medium 40m, 
fine 24m, and ultrafine 8m) using a low-speed hand 
piece at 4.000-5.000 rpm (standard finishing).  To 
remove any remaining surface debris, the polished 
surfaces were water-rinsed for 60 seconds with an 
air-water syringe, and the specimens were cleaned 
in an ultrasonicator (Power sonic 405, Hwashin 
Technology Co, Korea) before being stored in 
distilled water for 24 hours.

At each specimen; five point were selected: 
one in the middle and the others at a distance of 
3mm in the four direction, nanoindentations via 
a Berkovich diamond indenter tip with a nominal 
radius of 100 nm was used with a nano-mechanical 
tester (UMT 1, Bruker, Santa Barbara, CA, USA) 
to measure nanohardness and nanoelastic moduli of 
these points. The system was calibrated with a fused 
silica block with an elastic modulus of 80 GP and 
a Poisson’s ratio of 0.2 to get an accurate indenter 
area function and ensure instrument compliance. 
The tests were carried out at a constant temperature 
of 26 ± 1 °C, with loading and unloading rates of 0.2 
mN/s and a dwell time of 10 seconds. 30 mN was 
chosen as the maximum load.

The composite specimens were then thermo-
cycled 5,000 times between 5°C and 55°C in 
distilled water. Each temperature had a 15-second 
dwell period, with a 15-second transfer time 
between the water baths. This was accomplished 
using a thermos-cycler device (Model 1100, SD 
Mechatronik, Feldkirchen-Westerham, Germany). 
After thermocycling nanohardness and elastic 
modulus were retested at another five point at least 
0.5mm far from previous points.

Data were collected and tabulated and statis-
tically analyzed by an IBM compatible personal 
computer with SPSS Statistical Package of Social 
Science version 20 (SPSS Inc. Realesed 2011. IBM 

SPSS statistics for windows, version 20.0, Armnok, 
NY: IBM Corp.). Two types of statistical analysis 
were used: 

1) 	 Descriptive statistics were expressed in mean 
(x)̅, standard deviation (SD). 

2) 	 Analytic statistics: for each mechanical property;

a)	 One-way ANOVA was used to determine 
statistical significance between groups and post 
hock test (Tukey’ Kramer) was used for multiple 
comparisons, if there was significant difference 
between groups.

b) 	 t-test was used to determine statistical signifi-
cance between composite before and after ther-
mal aging.

RESULTS

Nanohardness (GPa) and Elastic modulus (GPa) 
of all tested composites groups means ± standard 
deviations are presented in Tables (2 and 3) and 
Figures (1 and 2) respectively.

As shown in table 2 and figure 1, the highest 
nanohardness (GPa) mean± standard deviation value 
was reported for GrandioSo (before thermocycling 
(1.72 ± 0.063), after thermocycling (1.59 ± 0.081)); 
followed by Alert (before thermocycling (1.6  ± 
0.066), after thermocycling (1.51 ± 0.07)); then 
Tetric Evo ceram (before thermocycling (1.49 ± 
0.07), after thermocycling (1.37 ± 0.064)); after that 
Z250 (before thermocycling (1.32 ± 0.062), after 
thermocycling (1.24 ± 0.055)); in sequence Ever X 
Posterior (before thermocycling (1.17 ± 0.051), after 
thermocycling (0.97 ± 0.076)); then Z350 (before 
thermocycling (0.95 ± 0.053), after thermocycling 
(0.89±0.08)). The lowest nano hardness mean 
value appeared in Flowable SDR Flow (before 
thermocycling (0.78 ± 0.03), after thermocycling 
(0.69±0.02)). One-Way ANOVA revealed there 
was significant difference in nanohardness between 
different tested composite groups (P=0.000). t- 
test (table 2) revealed that the nanohardness of all 
composite groups after thermocycling was markedly 
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significantly lower than that before thermocycling 
(P=0.000).

As shown in table 3 and figure 2, the highest Elastic 
modulus (GPa) mean ± standard deviation value 
was reported for GrandioSo (before thermocycling 
(25.9 ± 0.19), after thermocycling (24.6 ± 0.2)); 
followed by Alert (before thermocycling (24.2 ± 
0.21), after thermocycling (23.9 ± 0.188)); then 
Tetric Evo ceram (before thermocycling (21.12 ± 
0.13), after thermocycling (20.65 ± 0.17)); after that 
Z250 (before thermocycling (19.65 ± 0.124), after 
thermocycling (19.03 ± 0.18)); in sequence Ever X 
Posterior (before thermocycling (19.23 ± 0.15), after 

thermocycling (18.82 ± 0.16)); then Z350 (before 
thermocycling (16.98 ± 0.094), after thermocycling 
(15.99 ± 0.14)). The lowest elastic modulus mean 
value appeared in Flowable SDR Flow (before 
thermocycling (15.29 ± 0.105), after thermocycling 
(14.69 ± 0.13)). One-Way ANOVA revealed that 
there was significant difference in elastic modulus 
between different composite groups (P=0.000).  
The modulus of elasticity of Tertic evo ceram was 
insignificantly higher than that of Z250, which was 
insignificantly stiffer than Ever X. t- test (table 3) 
revealed that there was no significant difference 
in elastic modulus of all composite groups after 
thermal aging.

TABLE (2): Mean nanohardness and standard deviation for the tested composite before and after themal 
cycling.

Commercial Name
Nanohardness (GPa) means ± standard deviations

P VALUE
Before After

GrandioSo 1.72 ± 0.063aA 1.59 ± .081b 0.000

Ever-X Posterior 1.17 ± 0.051aB 0.97 ± 0.076b 0.000

Z350 0.95 ± 0.053aC 0.89 ± 0.08b 0.000

Alert 1.6 ± 0.066aD 1.51 ± 0.07 b 0.000

Tetric Evo ceram 1.49 ± 0.7aE 1.37 ± 0.064b 0.000

Z250 1.32 ± 0.062aF 1.24 ± 0.055b 0.000

Flowable SDR Flow 0.78 ± 0.03aG 0.69 ± 0.02 b 0.000

Means with the different small superscripted letters in the same row and the different capital superscripted letters in the 
same column demonstrated statistically significant differences (p ≤ 0.05).

TABLE (3): Mean elastic modulus of elasticity and standard deviation for the tested composite before and 
after thermal cycling.

Commercial Name
Elastic modulus (GPa) means ± standard deviations P value

Before After

GrandioSo 25.9 ± 0.19 aA 24.6 ± 0.2a 0.153

Ever-X Posterior 19.23 ± 0.15aB 18.82 ± 0.16a 1

Z350 16.98 ± 0.094aC 15.99 ± 0.14a 0.570

Alert 24.2 ± 0.21aD 23.9 ± 0.188a 1

Tetric Evo ceram 21.12 ± 0.13aB 20.65 ± 0.17a 1

Z250 19.65 ± 0.124aB 19.03 ± 0.18a 0.976

Flowable SDR Flow 15.29 ± 0.105aE 14.69 ± 0.13a 0.92

Means with the different small superscripted letters in the same row and the different capital superscripted letters in the 
same column demonstrated statistically significant differences (p ≤ 0.05).
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DISCUSSION 

The mechanical properties of composite restor-
ative materials are essential for identifying and an-
ticipating clinical efficacy and long-term effective-
ness(13). Dental treatment success is dictated on a 
complete understanding of the mechanical proper-
ties of dental tissues and materials, as well as bio-
logical, chemical, physical, and pathophysiological 
aspects. The mechanical properties of dental tissues 
and materials must be assessed before biocompat-
ible dental materials may be developed(28). Elastic 
modulus (E) and hardness (H) are the two mechani-
cal properties that are most commonly determined 
using indentation procedures (29). The resistance of 
a material to indentation or penetration is its hard-
ness. It has been used to assess a material’s wear re-
sistance when stresses such as occlusal loading are 
applied. The elastic modulus of a material describes 
its relative stiffness and its ability to stretch without 
deformation under constant loading (30). As a result, 
studying the modulus of elasticity and hardness is 
crucial to understanding the clinical behavior of dif-
ferent biomaterials.

Based on analyzing load displacement response 
during indentation, A nanoindentation method 
has been developed for assessing the mechanical 
characteristics of resin composites at the nano 
scale (12,31). Nanoindentation is a well-known and 

widely used method for determining a material’s 
local mechanical properties, such as hardness and 
Young’s modulus.  Some features that promote the 
use the nanoindentation for assessing the mechanical 
properties of materials includes: small amount 
of material is required for specimen preparation, 
no need to image the indentation area, the load 
and displacements can be continuously recorded 
during indentation, and the capability of changing 
the testing factors (e.g., applied load, loading and 
unloading rates, time, and indenter geometry) (13,32).   
Bulk fill resin composite materials are becoming 
increasingly popular due to their easier procedures 
for filling posterior restorations in a single increment, 
as compared to the multi-increment procedures 
required by conventional resin composites. Indeed, 
manufacturers and recent scientific papers show that 
the primary benefits of this restorative procedure are 
increased cure depth and minimal polymerization 
shrinkage(33,34). Therefore, the dental materials used 
in this study were either bulk fill (fiber reinforced, 
or nano filled) or conventional dental composite.

Storage in water and thermal cycling are the most 
popular techniques for aging resin-based materials. 
Thermocycling is an experimental technique in 
which thermal changes that are very comparable 
to actual oral circumstances are replicated. The 
test samples are immersed in hot and cold distilled 

Fig. (1): Mean nanohardness and standard deviation for the 
tested composite before and after themal cycling

Fig. (2): Mean elastic modulus of elasticity and standard 
deviation for the tested composite before and after 
thermal cycling
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water during the thermocycling process to imitate 
temperature cycles in specific numbers and durations. 
The temperature gradient and the water absorbed 
by dental materials during the thermocycling 
process affect material characteristics leading to 
surface damage to composites, and the thermal 
stress induced between composite constitutions can 
cause microcracks, according to earlier study (35,36) 

so, it’s critical to assess the mechanical properties 
of dental materials that have been exposed to the 
thermocycling process. Based on a study by Morresi 
et al(37), ten thermocycles are equivalent to a day of 
clinical service. Thus, 1000 thermocycles selected 
in this study to simulate 100 days of clinical service.

Filler loading, filler size, and shape all have an 
impact on mechanical and surface properties of 
dental composites. Larger filler sizes tend to give 
stiffer materials, and irregular filler geometries are 
more probably result in composites with improved 
mechanical properties(38). Filler (loading, size, form, 
and distribution) and organic matrix all have a major 
effect on hardness(39,40). The degree of conversion 
is also said to have a direct impact on hardness(41). 
Furthermore, the increased contact surface area 
among the nanofillers and the resin matrix improves 
the hardness of the materials(42).

The current study showed significant difference 
between all tested materials regarding nano hardness 
either before or after aging. The mean values were 
in the following order: Grandio > Alert > Tetric 
evo ceram> Z 250 > Ever x post >Z350 > flowable 
SDR. In current study nanohardness, values of 
composite were highly related to composite’s filler 
loading which are Grandio (89%by weight) > Alert 
(84%) > Tetric evo ceram (80%) > Z 250 (76%)> 
Ever x post (74.2)>Z350 XT (72.5) > flowable SDR 
(68 %). These findings are in agreement with prior 
research, which found that the filler content had a 
considerable impact on the material’s mechanical 
properties(43). Therefore, the first hypothesis was 
accepted.

Thermocycling can have an impact on the ma-
terial’s durability(44). Water absorption degrades 
composites leading to microfracture at the interface 
between the fillers and the resin matrix, as well as 
causing superficial stress due to high temperature 
gradients near the surface )45(. In our study, we ob-
served a significant reduction in the values of nano-
hardness after thermal cycling for each restorative 
material. This result is in accordance with Fan et 
al. (46).

The degradation effect of thermocycling on resin 
composite nanohardness is thought to be caused by 
the softening of the hydrophilic monomer in the 
resin matrix due to heat and water, followed by 
the expansion of polymer chains and a decrease 
in friction forces between the polymer chains. 
Furthermore, dental composites can be degraded by 
hydrolysis of the siloxane bond, resulting in the loss 
of filler particles (47). 

It was found that GrandioSo and Alert had the 
highest modulus values. The modulus of elasticity 
of Tertic evo ceram was insignificantly higher 
than that of Z250, which was insignificantly stiffer 
than Ever X. The reinforced filler particles, which 
provided the essential strength to the composite 
materials, were responsible for the difference in 
modulus of elasticity. Our findings support those 
of El-Safty (13) and others(48), who found a positive 
correlation between stiffness and filler content in 
dental composites.

The results obtained in this study indicated that 
thermal cycling revealed insignificant reduction in 
Elastic modulus for tested materials. This result may 
be explained by the elastic modulus is a primary 
property that directly proportional to inter-atomic 
or inter molecular forces of the material and not 
affected by the low temperature range used during 
heating cycle (5–55 ◦C) (49).

There are arguments over the impact of water 
aging on the mechanical properties of restorative 
composite materials, such as E & H. De Moraes 
et al. (50) who reported that after 6 months of water 
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storage, the elasticity modulus and hardness of 
resin composites were decreased. However, Yap 
et al. (15) found no differences in the modulus of 
elasticity or hardness of several resin composites 
after 30 days in water. Another study (51) found that 
storing composites in water increased the elastic 
modulus, whilst another (52) found that it decreased 
the elastic modulus. Other studies concluded; no 
change in Young’s modulus of  resin composites 
after water storage at room temperature (53,54). Varied 
compositions of the examined composite materials 
and different testing conditions (storage times, 
storage mediums, and temperature gradients) may 
be responsible for this controversy.

CONCLUSIONS

1.	 Increasing filler content improves the mechani-
cal properties of dental composites (elastic 
modulus and nanohardness).

2.	 Thermal cycling (5-550) has detrimental effects 
on nanohardness of dental composites.

3.	 Thermal cycling (5-550) has little effect on Elas-
tic modulus of dental composites. 
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