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Although storing resin-based materials refriger-
ated is a common practice to increase their shelf life 
as recommended by the manufacturers, few studies 
have investigated the e�ect of cooling of resin-based 
composites and their results were controversial. 
The degree of conversion is increased at a 60°C 
and decrease at 3°C.23 On the other hand Walter 
and his group reported that the pre-cooling of the 
composite resin might decrease the shrinkage.11

Other studies found no adverse e�ects from using 
materials directly from refrigerated storage.24,25

Lack of literature and the fact that manufacturers 
usually recommend keeping the composite syringes 
inside the refrigerator justi�es the investigation in 
the present study on the e�ect of pre-cooling on 
the microhardness of the tested composite resins.

�e purpose of this study is to evaluate the 
e�ect of three storage temperatures on microhard-
ness of high and lowviscosity bulk�ll materials 
and compare them with conventional resinbased 
composite materials. To evaluate the curing e�-
ciency of various resinbased composite materials 
in thepresentstudy, vickershardnessmeasurements 
were performed.26

Material and Methods

Four bulk-�ll materials with di�erent viscosi-
ties (high and �owable) have been tested, while 
two nanohybrid composites materials served as 
control. �e specimens were subdivided into three 
subgroups according to the storage temperature 
before their use, {subgroup 1= storage at room 
temperature 23° C, subgroup 2 = preheating 
temperature 37° C and subgroup 3 = precooling 
temperature 5° C}. Material speci�cations are 
presented in table 1.

Samples were prepared using a custom-made 
cylindrical mould with 5 mm diameter and 4 mm 
height for bulk-�ll materials and 2 mm height 
for nanohybrid composites. �ick glass slap was 
usedasa basefor the mould andcompositeresins 
were backed as one increment. To ensure a 
smooth surface of the samples with no need for 
�nishing and polishing, a myler strip and a glass 
slide were placed over the composite resins before 
curing. Light polymerization for each material was 
performed based on the manufacturer’s recommen-
dation using a Bluephase G2 curing unit (Ivoclar 
Vivadent, Schaan, Liechtenstein) in a high-inten-
sity mode with an irradiance of 1200 mW/cm2. �e 
distance between the light source and the material 
was constant throughout the experiment process as 
1 mm, which represented the thickness of the glass 
slide. �e samples were dry stored in a lightproof 

containers for 24 hours in an incubator at 37°C to 
complete the polymerization process before testing. 

To determine the microhardness of composite 
resin materials used in this study, vickers hardness 
values of the top and the bottom surfaces of each 
sample were evaluated using a NOVA 130series, 
Vickers and Knoop hardness testing instrument 
under a 200-gram load and a dwell time of 10 seconds.
�ree indentations with the random distance 
of 1 mm weretakenfrom the top and the bottom 
surfacesof each sample and a mean vickers
hardness(VHN) valuewascalculated(n=18 top and 
n=18 bottom). �e microhardness was determined 
through measuring the diameters of indentation 
which was produced by the pyramidal square-
base diamond indenter. �e mean bottom/top 
ratio was calculated by dividing VHN of the bottom 
surface by VHN of the top surface.

Statistical analysis
Data was analyzed using SPSS version 21.0
(IBM Inc., Chicago, USA) statistical so�ware. 
Descriptive statistics (mean and standard devia-
tion) were used to describe the quantitative vari-
able (measurement of the top, bottom and ratio) 
of microhardness of resin composite materials. 
Student’s paired t-test was used to compare between 
the mean values of top and bottom measurements 
of each of the six materials. One-way analysis of 
variance was used to compare the mean values in 
relation to the categorical variables (six types of 
materials and three levels of storage temperature), 
followed by Turkey’s multiple comparison test. 
General linear model was used to identify the e�ect 
of type of material and level of temperature on the 
top, bottom, and ratio measurements. A p-value of 
< 0.05 was used to report the statistical signi�cance 
of results.

Results

�e study has evaluated the e�ect of three levels 
of storage temperatures on the measurements
(top, bottom and its ratio) of microhardness among 
the six types of materials which consists of high- and 
low-viscosity bulk-�ll materials and conventional 
resin-based composite materials. For each mate-
rial, 18 samples were prepared and these samples 
were tested at three levels of storage temperatures
(23°C, 5°C and 37°C). 

�e comparisonbetweenthe top and bottom
surfacesmeanvaluesof measurementsin eachof the 
tested materials (TN, TB, TBF, FZ250, FB and FBF) 
at each of the three levels of storage temperatures 
(23°C, 5°Cand 37°C) shows highly statistically
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signi�cant di�erence in the mean valueswhere 
the mean values of top surface measurements are 
statistically signi�cantly higher than the bottom 
surface measurements in all the six materials and 
at all the three levels of storage temperature table 2.

�e comparison of the mean ratio of the bottom 
and top surface measurements among the six study 
materials (TN, TB, TBF, FZ250, FB and FBF) shows 
high statistically signi�cant di�erence (F=67.342; 
p<0.0001). �e pairwise comparison among the 
six materials shows the mean ratio values of the 
two materials; FZ250 and FB to be signi�cantly 
higher than the three materials (TN, TB and TBF), 
whereas the mean ratio values of the three mate-
rials (TN, TB and TBF) are signi�cantly lower 
than the other four materials. Moreover, there is 
no signi�cant di�erence between the mean ratio 
values of FBF material and the other two materials
(FZ250 and FB) table 3.

�e comparison of the mean ratio of the bottom 
and top surface measurements among the three 
levels of storage temperature (23°C, 5°C and 37°C) 
not considering the type of material, shows highly 
statistically signi�cant di�erence (F=43.292,
p<0.0001). �e pairwise comparison among the 
three levels of temperature indicates that the mean 
ratio values are di�erent with each other table 4.

�ere is no statistically signi�cant di�erence in 
the mean values of topside measurements among 
the three levels of storage temperature (23°C, 5°C 
and 37°C) not considering the type of material.
(F=0.654, p=0.521, table 5.

Generalized linear model
�e comparison of the mean values of top and 
bottom measurements, and its ratio, in each of the 
six materials (TN, TB,TBF, FZ250, FB and FBF )
across the three levels of storage temperatures 
(23°C, 5°C, and 37°C) and also the comparison of 
the mean values of the top and the bottom measure-
ments and its ratio at each of the three storage 
temperatures (230C, 50C and 370C) among the six 
materials (TN, TB, TBF, FZ250, FB and  FBF) shows 
highly statistically signi�cant di�erence table 6. 

�e model with the top measurement values 
along with the six materials and three levels of storage 
temperatures shows high statistically signi�cant 
di�erence (F=155222.26; p<0.001) and also the 
interaction of levels of storage temperature and type 
of material (F=5044.15; p<0.0001). �is indicates 
that the topside measurement values are signi�-
cantly changing across the type of material and 
the level of storage temperature. A similar pattern 
was observed with the bottom measurement values
(F=154196.87, p<0.0001; F=3230.94, p<0.0001) 
and also with the ratio values (F = 4855.118, p < 0.0001;
F=2233.33, p<0.0001).

In the top surface measurement mean values, 
amongthe six materials, FZ250hashighermean 
valuesand its value is higher at 37°C when 
compared with other two levels of storage 
temperature. In the bottom surfacemeasurement 
mean values, FZ250material has higher mean 
valuesand its value is higher at 23°C when 
compared with other two levels of storage
temperature. Moreover, in the ratio measurement 
mean values, among the six materials, the FZ250 
material has higher mean values and its value is 
higher at 23°C when compared with other two 
levels of storage temperature. A�er this material, 
in the ratio measurement of mean values similar 
pattern was observed in the FBF and FB materials, 
but the higher mean ratio values at 5°C with FB 
material and at 23°C with FBF material. For the 
other three materials (TN, TB and TBF), the ratio 
of mean values is higher at 5°C and 37°C storage 
temperatures when compared with the ratio of 
mean values at 23°C storage temperature.

Discussion

Hardness tests are the most frequently used method 
to evaluate the curing depth and the polymer 
cross-linking of dental composites27-32 as well as 
the polymer crosslinking of dental composites.33,34

Additionally, the microhardnessdatafor a speci�c
material provides information on its wear,
polishabilityand abrasivee�ect on antagonist's
teeth.35 �e Vickers microhardness test (VHN) 
has been commonly used to evaluate the hardness 
of dental materials, as it is usually used for brittle 
materials and small �lm thickness materials.

Hardness is o�en expressed in percentage; the 
surface hardness is always compared to 100%, 
which represents the maximum surface hardness. 
An acceptable curing depth is achieved if bottom 
hardness corresponds to at least 80% of the top 
surface hardness.36 Experience has shown that the 
simple hardness measures (top and bottom) corre-
spond well to the more thorough hardness pro�le 
measurements.37

When the tested materials were stored at room 
temperature (23°C), they failed to reach the min-
imum 80% of the mean bottom to top hardness 
value ratio except for FZ250 and FBF, where they 
reached 97.8% and 83.2%, respectively. Wherein 
samples that were refrigerated at 5°C all reached the 
minimum 80% of the mean bottom to top hardness 
value ratio except for FBF (77.3%) and TB (77.2%). 
On the other hand, the only material that reached 
the minimum 80% of the mean bottom to top 
hardness value ratio when the materials were stored 
at 37°C was FZ250 (93.5%). 
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Figure 1 A. Estimated marginal means of top 
surface, B. Estimated marginal means 
of bottom surface, C. Estimated 
marginal means of the ratio of bottom:
top surfaces

Figure 2 A. VH indentation of top surface FZ250 at 
room temperature, B. VH indentation of 
bottom surface FZ250 at room tempera-
ture, C. VH indentation of top surface TN 
at room temperature, D. VH indentation 
of bottom surface TN at room temperature
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Table 2  Comparison between the mean values of top and bottom side measurements 
among the six study materials at three levels of temperature

Type of Material 
and level of 
temperature

Side of measurement
Mean 

di�erence t-value p-value

95% CI for 
di�erence of 

meanTop Bottom

23°

TN 50.40(0.20) 27.48(0.23) 22.92 347.09 < 0.0001 22.76(23.04)

TB 56.41(0.19) 32.59(0.25) 23.82 391.60 < 0.0001 23.69 (23.94)

TBF 42.27(0.21) 26.33(0.24) 15.96 197.76 < 0.0001 15.76(16.10)

FZ250 90.39(0.20) 88.46(0.24) 1.93 28.54 < 0.0001 1.78 (2.06)

FB 60.55(0.19) 45.42(0.19) 15.13 277.11 < 0.0001 15.01(15.25)

FBF 30.49(0.32) 25.37(0.21) 5.12 48.52 < 0.0001 4.90 (5.34)

5°

TN 46.37(0.22) 40.38(0.22) 5.99 67.53 < 0.0001 5.79 (6.17)

TB 48.42(0.22) 37.38(0.27) 11.04 135.71 < 0.0001 10.87 (11.20)

TBF 33.49(0.20) 28.40(0.27) 5.09 72.85 < 0.0001 4.94 (5.22)

FZ250 91.57(0.19) 87.59(0.19) 3.98 63.99 < 0.0001 3.82 (4.11)

FB 63.61(0.21) 56.31(0.20) 7.30 105.84 < 0.0001 7.16 (7.45)

FBF 30.52(0.24) 23.61(0.29) 6.91 100.48 < 0.0001 6.77 (7.05)

37°

TN 40.56(0.23) 29.38(0.24) 11.18 141.60 < 0.0001 11.01 (11.34)

TB 45.55(0.21) 35.33(0.23) 10.22 131.36 < 0.0001 10.05 (10.38)

TBF 38.44(0.26) 28.51(0.31) 9.93 94.98 < 0.0001 9.71 (10.15)

FZ250 92.40(0.19) 86.42(0.23) 5.98 78.14 < 0.0001 5.82 (6.14)

FB 65.31(0.15) 50.44(0.18) 14.87 236.70 < 0.0001 14.74 (15.0)

FBF 32.33(0.18) 23.55(0.26) 8.78 104.74 < 0.0001 8.60(8.96)

Table 1 Materials speci�cations

Material Resin Filler Photoinitiator Filler %
Curing 
time Manufacturer

Filtek bulk-�ll �owable 
composite (FBF)

BisGMA, BisEMA, 
Procry-lat, UDMA

Zirconia or silica, ytterbium 
tri�uoride

Camphoroquinone 64.5 wt / 42.5 vol 20 sec 3M ESPE

Tetric N-Flow Bulk-�ll 
(TBF)

monomethacrylates 
and dimethacrylates

barium glass, ytterbium 
tri�uoride, and copolymers

Ivocerin 68.2 wt/ 46.4 vol. 10 sec Ivoclar Vivadent

Tetric N-Ceram (TN) BisGMA, UDMA, 
TEGDMA, 
EthoxylatedBis-EMA

Barium aluminium silicate 
glass, ytterbium tri�uoride, 
mixed oxide, Prepolymer

80-81 wt/ 55–57 vol 10 sec Ivoclar Vivadent

Tetric N-Ceram
Bulk-�ll (TB)

dimethacrylates barium glass, prepolymer, 
ytterbium tri�uoride and 
mixed oxide

Ivocerin 75-77 wt / 53-55 vol 10 sec Ivoclar Vivadent

Filtek Bulk-�ll posterior
(FB)

AUDMA, UDMA and 
1, 12-dodecane-DMA

Zirconia/silica, ytterbium 
tri�uoride

Camphoroquinone 76.5 wt /58.4 vol 20 sec 3M ESPE

Filtek Z250 (FZ250) BIS-GMA, UDMA, 
Bis-EMA

zirconia/silica Camphoroquinone 82 wt / 60 vol 20 sec 3M ESPE
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�ese results are in agreement with a previous 
study where they showed that at room temperature 
only 50% to 75% conversion of monomers could 
be achieved.21,38 Low monomer conversion rate 
reduces the mechanical strength of restoration, 
and oxidation of unsaturated monomers may give 
rise to composite colour changes as well as allergic 
reactions. An increase in the degree of conver-
sion improves surface hardness, �exural strength, 
modulus, fracture toughness, diametral tensile 
strength, and wear resistance.39

In the current study, the hardness values of the 
bottom surface of all tested materials at the di�er-
ent storage temperatures were lower than the hard-
ness values of top surfaces. �is can be related to 
the proximity of top surfaces to the light source and 
thus receiving higher energy density.40-43

Another explanation could be due to the insuf�-
ciency of curing time that was recommended 
by the manufacturers and followed in this study.  
Where the tested samples which were cured for10

seconds, failed to reach accepted hardness ratio.44

Others studies had also suggested increasing the 
polymerization time more than the manufacturers’ 
recommendationto improve the bulk�ll materials 
performance especially the hardness value.29,45,46

If we look deeper to the result of the top and 
bottom hardness values for the materials that failed 
to reach the 80% hardness ratio at 23°C, we can 
observe an enhancement in the hardness values at 
the bottom surfaces of the samples at 5°C and 37°C. 

�e enhancement in the preheated samples high 
could be explained by the fact that temperature 
increase results in increased molecular mobility 
and thus; the postponement of di�usion, controlled 
propagationandreactiondi�usion controlledtermi-
nation and auto deceleration, thereby allowing the 
system to reach higher limiting conversions before
veri�cation. Moreover, the temperatureincrease 
couldresultin higher crosslinked polymer network 
or oligomeric network formation.12,17

Another explanation could be related to the 
e�ect of temperature increase in reducing the rate 
of the polymerization process before reaching the 
�nal degree of conversion; therefore less unreacted 
residual monomer remains free accordingly it leads 
better mechanical properties.29,47 

Preheatingof resin-based materials prior to 
their use, will lower their viscosity and help in the 
handling properties, this will lead to better adapta-
tion to cavity walls.48

�e results of the present study of the 
mean hardness ratio of bottom and top surface 
among the three levels of storage temperature 
(23°C, 5°C and 37°C) not considering the type of 
material, shows that the best hardness ratio 
was obtained with the refrigerated samples at 
5°C (85.1%), which has a highly statistically 
signi�cant di�erence from the other groups 
(F=43.292, p<0.0001). A possible justi�cation for 
the improvement of hardness of refrigerated 
resin composites is that samples were less 
a�ected by the heat generated by the curing unit, 
generating less stress during its polymeriza-
tion.29 �ese results suggest that the refrigera-
tion allowedthecompositeresinto react similarly
to the “so� start polymerizationmethod” because,
the low temperaturecould have proportioned 
lessmonomermobility, decreasing the reaction 
velocityand providing an extensionof the pre-gel 
phase without decreasinghardness values.49

Another study demonstratedthat cooling before 
light-curing did not result in di�erences in 
hardnessfor the compositeresinsa�er polymer-
ization. Also, it was observed that the pre-cooling 
of the composite resin might decreasethe
shrinkage.11 

Table 3  Comparison of mean values of ratio of bottom: top 
measurements among the six study materials

Type of material
Ratio (Bottom: Top) 

mean(Sd.,) F-value p-value

TN 0.714(0.13)ǂ 67.342 < 0.0001

TB 0.708(0.09)ǂ

TBF 0.737(0.09)ǂ

FZ250 0.956(0.02)*

FB 0.802(0.06)*

FBF 0.778(0.04)

*Signi�cantly higher than other materials; ǂ Signi�cantly lower than other materials

Table 4 Comparison of mean values of ratio of bottom: top 
measurements across the three temperature levels of 
observation

Levels of 
temperature Ratio (Bottom: Top) mean(Sd.,) F-value p-value

230 0.718(0.15)* 43.292 < 0.0001*

50 0.851(0.06)*

370 0.779(0.07)*

*Signi�cantly di�erent from each other

Table 5  Comparison of mean values of top measurements across 
the three temperature levels of observation

Levels of 
temperature  Top measurements  mean(Sd.,) F-value p-value

230 55.08(18.65) 0.654 0.521

50 52.33(20.71)

370 52.43(20.72)
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It was reported that surface hardness of composite 
resin material is in�uenced by resin matrix, �ller 
type, �ller loading and degree of conversion.50 �e 
results of the current study re�ect that where FZ250 
has the highest �ller content (60% vol.) exhibit the 
highest mean hardness ratio among all the tested 
materials at the di�erent storage temperatures. 

Conclusion

Within the limitations of this study, the associa-
tion of precooled composite resin and the use of 

the LED curing units could be recommended to 
improve resinbased composite hardness. 

�e enhancement of hardness values associated 
with preheated composites could be bene�cial in 
countries with warm climates, such as Saudi Arabia, 
where this study took place since manufacturers’ 
recommendations about storing conditions could 
be less strictly followed. 

Preheating and precooling could affect the 
hardness of the resin composite materials, but it 
mainly depends on the type of composite resins 
used.

Table 6  Comparison of mean values of top, bottom and ratio of bottom: top measurements 
across the three levels of temperature in each of the six study materials

Type of material
Levels of temperature F-value p-value

23° 5° 37°

Top measurement

TN 50.38(0.20) 46.36(0.22) 40.56(0.23) 8961.85 < 0.0001

TB 56.41(0.20) 48.42(0.23) 45.55(0.22) 12045.07 < 0.0001

TBF 42.26(0.22) 33.48(0.20) 38.43(0.27) 6440.43 < 0.0001

FZ250 90.38(0.21) 91.57(0.19) 92.39(0.19) 462.57 < 0.0001

FB 60.55(0.20) 63.61(0.22) 65.31(0.15) 2791.45 < 0.0001

FBF 30.48(0.32) 30.52(0.25) 32.33(0.18) 299.96 < 0.0001

F-value 138271.20 188869.31 204764.31

p-value < 0.0001 < 0.0001 < 0.0001

Bottom measurement

TN 27.48(0.24) 40.38(0.23) 29.38(0.25) 15068.04 < 0.0001

TB 32.59(0.26) 37.38(0.28) 35.32(0.24) 1562.68 < 0.0001

TBF 26.33(0.24) 28.40(0.28) 28.51(0.32) 338.70 < 0.0001

FZ250 88.46(0.25) 87.59(0.19) 86.41(0.23) 366.03 < 0.0001

FB 45.42(0.20) 56.31(0.20) 50.43(0.18) 13829.58 < 0.0001

FBF 25.36(0.22) 23.61(0.23) 23.54(0.26) 329.78 < 0.0001

F-value 192140.99 172324.67 157636.94

p-value < 0.0001 < 0.0001 < 0.0001

Ratio(Bottom: Top)

TN 0.545(0.004) 0.870(0.008) 0.724(0.007) 9678.36 < 0.0001

TB 0.577(0.004) 0.772(0.007) 0.775(0.007) 6061.98 < 0.0001

TBF 0.623(0.007) 0.848(0.009) 0.741(0.010) 2727.61 < 0.0001

FZ250 0.978(0.003) 0.956(0.003) 0.935(0.004) 774.95 < 0.0001

FB 0.750(0.003) 0.885(0.004) 0.772(0.004) 5773.58 < 0.0001

FBF 0.832(0.013) 0.773(0.009) 0.728(0.010) 378.14 < 0.0001

F-value 9644.03 1775.27 1863.00

p-value < 0.0001 < 0.0001 < 0.0001
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Further research is needed to evaluate the 
in�uence of the storage temperature on the other 
mechanical properties.

Despite the promising results from this prelim-
inary study, regarding improvement of microhard-
ness with refrigerated composite resins, further 
research has to be conducted keeping the moulds at 
37°C to simulate the intraoral conditions in a better 
manner.
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