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ABSTRACT

Purpose: Evaluate the effect of food simulating liquids and thermocycling on mini-
flexural strength and surface micro-hardness of a resin nano-ceramic material (Lava 
Ultimate) compared to indirect laboratory composite resin material (Nexco Paste) and 
direct composite resin material (Filtek  Z350 XT).

Material and Methods: A total number of 180 samples were fabricated. The sam-
ples were divided equally into 3 groups (n=60). Group 1 (M1) samples were fabricated 
from the resin nano ceramic CAD/CAM blocks (Lava Ultimate),  group 2  (M2) sam-
ples were farbricated form indirect micro-hybrid resin composite (Nexco Paste), while 
group 3 (M3) samples were fabricated from direct resin composite (Filtek  Z350 XT). 
Thirty bars (12X2X2mm) from each material were fabricated to evaluate the mini flex-
ural strength. Thirty disks (8X2mm) were fabricated from each material to evaluate the 
surface micro-hardness. The samples of M1 groups were fabricated by cutting from the 
CAD/CAM block using low speed diamond disk while samples of M2 and M3 samples 
were fabricated using teflon mold. Each material samples were further subdivided into 
6 subgroups; the first subgroup was not immersed into food simulating liquids nor ther-
mocycled, 4 subgroups samples were immersed into food simulating liquids (water, 
ethanol, heptane and citric acid) and the last subgroup samples were thermocycled. 
Mini flexural strength test was done using universal testing machine and surface hard-
ness was done using Vickers hardness tester.

Results: Lava Ultimate showed the significantly highest mini flexural strength and 
surface micro-hardness values before and after immersion into food simulating liquids 
and thermocycling compared to the two other tested materials.

Conclusion: According to the results of the present study, Lava Ultimate showed 
better mini flexural strength and surface micro-hardness compared to the two other 
tested materials.
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INTRODUCTION

The resin composite restorative material offers 
a good solution for both the dentist and the patient 
who is seeking for a highly esthetic restoration with  
minimal removal of tooth structure (1). Addition 
of nano-fillers to the resin matrix provides the 
improvement of the flexural strength, modulus 
of elasticity, diametral tensile strength, micro-
hardness(2), fracture toughness(3) and wear resistance 
of dental resin composite(4). The nano-filled resin 
composite showed lower surface roughness values 
more than the micro-hybrid and nano-hybrid resin 
composites(5–7).

The introduction of the CAD/CAM technol-
ogy in the field of dentistry leads to many benefits 
such as; saving time, decrease administration of lo-
cal anesthesia and avoiding using impression and 
temporary restorations (8). A new CAD/CAM resin 
nano-ceramic restoration (Lava Ultimate) is avail-
able now at the dental market. This new material 
contains nanofillers imbedded into a highly cross 
linked resin matrix. 

The food/oral simulating liquids have been rec-
ommended by the Bureau of Food, FDA. Some of 
them do exist in the mouth while, others can simu-
late its conditions (ingredients, pH, viscosity). Their 
use enables us to see a fast wear of the materials in 
short time and furthermore to take in consideration 
processes like chemical affinity, elution or bond-
ing. It goes without saying that physical/mechanical 
properties are influenced profoundly by the presence 
of the food simulating liquids (9). Food simulating 
fluids can simulate the oral environment; distilled 
water simulates the wet oral environment provided 
by saliva and water, while heptane simulates butter, 
fatty meats and vegetable oils. The citric acid and 
ethanol simulate certain beverages including alco-
hol, fruits candies and syrups (10).

In order to increase the survival rate of indirect 
composite restoration, the manufacturers introduced 
many products with more modifications in both 
matrix and fillers. One of these products is Lava 

Ultimate which is produced by 3M ESPE. Lava 
Ultimate is a resin nano ceramic restoration and 
supplied into blocks to be milled via Cerec® CAD/
CAM milling machine  (11). Lava Ultimate contains 
clusters of silanated nano ceramic particles imbed-
ded into a highly cross linked resin matrix (11). This 
product combines the two basic aesthetic restora-
tions; dental resin composite and ceramic materials 
aiming to get the best benefits of both materials.

The flexural strength of the Lava Ultimate was 
examined after restoring the samples for 24 hours in 
dry air without any storage protocol and found that 
the composite resin materials showed higher flex-
ural strength combined with relativity low flexural 
modulus and stated that this combination translates 
to an increased ability to withstand loading by un-
dergoing more elastic deformation before failure (12). 
Therefore, this study aims at evaluating the effect of 
food simulating liquids and thermocycling on the 
mini flexural strength and surface micro-hardness 
of a resin nano-ceramic CAD/CAM material.

MATERIAL AND METHODS

Three types of dental resin composite restorative 
materials were used in this study. The indirect den-
tal resin composite inlays were cemented by self 
adhesive resin cement. The materials used in this 
study are listed in (table 1).

Sample grouping

A total number of 180 samples were fabricated. 
The samples were divided equally into 3 groups 
(n=60). Group 1 (M1) samples were fabricated from 
the resin nano ceramic CAD/CAM blocks (Lava 
Ultimate),  group 2  (M2) samples were farbricated 
form indirect micro-hybrid resin composite (Nexco 
Paste), while group 3 (M3) samples were fabricated 
from direct resin composite (Filtek  Z350 XT).

Samples of each group were further subdivided 
into six suprgoups. The samples of each subgroup 
were further subdiveded into 2 classes of 5 samples 
each; bars (12x2x2 mm) for measuring the mini 
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flexural strength and disks (8x2mm) for measuring 
the surface microhardness. The first subgroup sam-
ples acted as the control subgroup, four subgroups 
were immersed into four different food simulating 
liquids (water, ethanol, heptane and citric acid) and 
last subgroup samples were thermocycled. 

Sample Preparation

For Lava Ultimate (M1); the bar samples were 
cut from the CAD/CAM blocks (Lava Ultimate, 
3M ESPE, USA), using a low speed diamond disk 
(BesQual, NY 11373, USA) under profuse cooling. 
For disk samples preparation, the material block 
were converted into a cylinder with 8mm diameter 
using a lathe machine then cut into disks with 2mm 
thickness. All samples were polished using fine and 
extra-fine Sof-LexTM disks (3M ESPE, USA)

For Nexco Paste (M2) and Filtek Z350 XT 
(M3), the samples were fabricated using split teflon 
molds. The composite resin material was packed 
inside the mold, pressed between two Mylar strips 
and two glass-slaps from both sides. Each sample 

was pre-cured using LED light curing unit (Radii 
Plus, SDI Limited, Australia) for 20 seconds in three 
consecutive points, producing a partial overlapping. 
The excess material was carefully removed with 
a scalpel blade. The M2 samples were post-cured 
using manufacturer supplied light curing furnace 
(Lumamat® 100) for 25 minutes.

Immersion in food simulating liquids

All samples were immersed separately into a 
tightly closed glass test tube for 1 month at room 
temperature. Food simulating liquids were; distilled 
water, 75% aqueous solution of ethanol, heptane 
and 0.02N citric acid. 

Thermocycling

The samples were thermo-cycled for 5000 cy-
cles, each cycle includes immersion for 30 seconds 
into the hot path at 55 ± 1º C followed by immersion 
for same time into the cold path at 5 ± 1 ºC with 5 
seconds delay between the hot and cold paths. 

Table 1. The materials, compositions and manufacturers of the materials employed in this study.

Material
Composition (wt %)

Manufacturer
(Lot No.)

CAD-CAM resin nano 
ceramic blocks

(LavaTM Ultimate)

·	 Resins: Highly cross linked polymeric matrix of UDMA and TEGDMA
·	 Fillers:  (80% wt)

-	 Non-agglomerated, non-aggregated  20  nm silica fillers
-	  Non-agglomerated, non-aggregated  4:11 nm zirconia fillers
-	 Aggregated zirconia/silica cluster fillers                                                                                                                                     

3M ESPE, USA

(N842943)

Shade:  A3.5

Indirect Micro-hybrid 
resin composite  

(Nexco® Paste)

·	 Aromatic aliphatic UDMA +Aliphatic dimethacrylates (17%wt)
·	 Highly dispersed silicon dioxide (19.7%wt)
·	 Prepolymer/Copolymer (62.8%wt)
·	 Catalysts and stabilizers (0.3%wt)
·	 Pigments (0.1%)

Ivoclar Vivadent, 
Liechtenstein

(R32664)

Shade:  A3.5

Direct nano-filled resin  
composite

(FiltekTM  Z350 XT) 

·	 Resins:
-	 Bis-GMA, UDMA, TEGDMA,  PEGDMA   and bis-EMA 

·	 Fillers:  (72.5%wt)
-	 Non-agglomerated, non-aggregated  20  nm silica fillers
-	 Non-agglomerated, non-aggregated  4:11 nm zirconia fillers
-	 Aggregated zirconia/silica cluster fillers 0.6: 10 microns.                                                                                                                                     

3M ESPE, USA

(N436589)

Shade:  A3.5
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Mini flexural strength measuring:

The bar specimens were supported at each end 
using a jig with 10 mm distance between the two 
supporting points. Load is applied in the middle of 
the specimen using Instron® universal testing ma-
chine at a cross-head speed of 0.5 mm/min until 
fracture. The flexural strength value was measured 
with the following equation (13): 

Flexural strength = 3PL/2bd2

Where: P= load at fracture, 

L= span length, 

b= width and 

d= thickness

Surface micro-hardness measuring:

Samples were tested under 100 gm load with 
time of exposure = 10 seconds using Vicker’s mi-
cro-hardness tester (Wilson® micro-hardness tester, 
Tukon™ 1102, Buehler, USA). Three micro-hard-
ness readings were recorded from each sample and 
the average value obtained from the micro-hardness 
tester softwear was recorded as the hardness value 
for the tested sample.

Statistical Analysis

Data were presented as means and standard de-
viation (SD) values. Data explored for normality 
using Kolmogorov-Smirnov and Shapiro-Wilk tests 
test for Normal distribution, data showed normal 
distribution so; One Way ANOVA was used to study 
the effect of different composites materials within 
each storage solution and thermocycling and effect 
of different immersion solution and thermocycling 
within each composite restorative. Duncan’s post-
hoc test was used for pair-wise comparison between 
the means when ANOVA test is significant. 

Kruskal Wallis test used to compare between 
different tested restoratives and immersion solu-
tion and thermocycling followed by Mann Whitney 
U-test for pairwise comparison

RESUTLS

Mini Flexural Strength

The mean and standard deviation of the mini 
flexural strength were obtained for the three tested 
materials; Lava Ultimate, Nexco Paste and Filtek  
Z350 XT before and after immersion into food sim-
ulating liquids and thermocycling and presented in 
(Table 2) and (Figure 1).

Table (2) Descriptive statistics and test of significance of the effect of food simulating liquids and 
thermocycling on mini-flexural strength of the tested materials.

Restorative Materials

Lava Ultimate (M1) Nexco Paste (M2) Filtek  Z350 XT (M3)

Mean [MPa] SD Mean [MPa] SD Mean [MPa] SD

S0  (control) 153.72 a A 4.39 144.42 a B 3.69 151.52 a A 2.44

S1(water) 133.33 b A 3.17 127.66 b B 3.00 126.06 b B 2.09

S2 (ethanol) 124.67 d A 3.40 114.82 d B 3.43 104.66 e C 2.80

S3 (heptane) 132.91 b A 5.38 120.68 c B 2.79 120.16 c B 3.26

S4 (citric acid) 130.89 bc A 2.05 120.52 c B 1.96 119.36 c B 1.72

S5(thermocycling) 127.23 cd A 3.23 117.12 cd B 1.96 113.14 d B 4.98

Results with the same letter are not significantly different within the same subgroup, 2 ways ANOVA (p≤0.05)
Small Letters indicate the difference within the same column
Capital letters indicate the difference within the same row 



Effect of Food Simulating Liquids and Thermo-cycling on flexural strength and surface hardness (129)

The significantly highest mean mini flexural 
strength values were observed before immer-
sion in food simulating liquids and thermocy-
cling (control subgroups) for the three tested 
materials; Lava Ultimate, Filtek  Z350 XT and 
Nexco Paste with mean value of (153.72 MPa 

± 4.39, 151.52 MPa ± 2.44 and 144.42 MPa ± 
3.69) respectively as compared to those after 
immersion. 

On the other hand, the lowest mean mini flexural 
strength values were observed with the samples 
immersed into ethanol for the three tested materials; 
Filtek  Z350 XT, Nexco Paste and Lava Ultimate 
with mean values of (104.66 MPa ± 2.8, 114.82 
MPa ± 3.43 and 124. 67 MPa ± 3.4) respectively. 
Moreover, the samples of Filtek  Z350 XT immersed 
into ethanol showed the lowest mean mini flexural 
strength values among all groups and subgroups.

Surface Micro-Hardness

The mean and standard deviation of the surface 
micro-hardness were obtained for the three tested 
materials; LavaTM before and after immersion in 
the food simulating liquids and thermocycling are 
presented in (Table 3) and (Figure 2).

Fig. (1) A bar chart representing mini flexural strength 
of all investigated subgroups.

Table 3.  Descriptive statistics and test of significance of the effect of food simulating liquids and 
thermocycling on surface micro-hardness of the tested materials.

Restorative Materials

Lava Ultimate (M1) Nexco Paste (M2) Filtek  Z350 XT (M3)

Mean[VHN] SD Mean[VHN] SD Mean[VHN] SD

S0  (control) 67.06 a A 4.54 44.10 a B 3.54 40.82 a B 4.33

S1(water) 54.3 b A 2.13 37.76 b B 3.21 35.18 b B 2.62

S2 (ethanol) 41.78 d A 1.42 29.08 e B 2.22 25.88 d B 3.09

S3 (heptane) 51.18 bc A 2.34 35.74 bc B 2.55 30.28 c C 1.86

S4 (citric acid) 50.88 bc A 3.07 34.02 cd B 2.06 29.48 cd C 3.03

S5(thermocycling) 48.46 c A 4.43 31.54 de B 1.71 27.26 cd C 1.91

Results with the same letter are not significantly different within the same subgroup, 2 ways ANOVA (p≤0.05)
Small Letters indicate the difference within the same column
Capital letters indicate the difference within the same row
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 The significantly highest mean surface micro-
hardness values was observed before immersion 
into food simulating liquids and thermocycling 
(control samples) of Lava Ultimate (67.06 VHN ± 
4.54), followed by the samples of the same material 
immersed into water (54.3 VHN ± 2.13), then the 
samples immersed into heptane (51.18 VHN ± 2.34) 
compared to the other subgroups. Moreover, there 
was no significant difference between the mean 
values of the Lava Ultimate samples immersed into 
water, heptane and citric acid. 

On the other hand, the lowest mean surface mi-
cro-hardness values were observed with the sam-
ples of Filtek Z350 XT subjected to thermocycling 
(27.26 VHN ± 1.91) and samples immersed into 
ethanol of the same material (25.88 VHN ± 3.09). 
Moreover, there was no significant difference be-
tween them.

DISCUSSION

This study aimed to measure the mini flexural 
strength and surface micro-hardness of a resin nano 
ceramic material compared to an indirect microhy-
brid and direct nanofilled composite resin materials. 
The evaluation of the three restorative materials was 
done before then after immersion into food simulat-
ing liquids and thermocycling in an attempt to simu-
late the clinical conditions.

The FDA has proposed food simulating liquids 
in order to be used as an accelerating environment 
in sorption experiments, trying to indicate the im-
pact of analogous foods on the polymer composites 
in long term (14). Food simulating fluids can simulate 
the oral environment; distilled water simulates the 
wet oral environment provided by saliva and wa-
ter, while heptane simulates butter, fatty meats and 
vegetable oils. The citric acid and ethanol simulate 
certain beverages including alcohol, fruits candies 
and syrups (10).

Flexural strength test was performed using the 
three point bending test because of its lower stan-
dard deviation, and the less complex crack distri-
bution when compared to those produced by other 
test designs, such as the biaxial flexural test(15). The 
international standards Organization (ISO) recom-
mend testing of the flexural strength for dental resin 
restorations with ISO 4094 specification (13). 

However, the large beam specimens (25 x2 x  
2 mm) as stipulated in this specification showed 
some limitations such as; difficult to prepare without 
flaws. Several overlapping irradiations are required 
as the exit window of all clinical light-cure units is 
smaller than 25 mm. This leads to specimens that 
are not homogeneous as localized areas exposed to 
twice the curing time are inevitable(13). In addition 
to material wastage, these large specimens are also 
not clinically realistic considering the fact that the 
mesio-distal diameter of molars is about 11 mm 
and the cervico-incisal lengths of central incisors 
is around 13 mm(13). Moreover, the dimensions of 
the Lava Ultimate CAD/CAM blocks are too small 
to provide a bar with 25 mm in length because this 
material is suggested for manufacturing of inlays and 
veneers for single tooth only. Yap and Teoh (2003), 
advocated the use of mini flexural strength test for 
measuring the flexural properties of the composite 
restoratives. They stated that mini flexural strength 
test has the advantage of ease of specimen fabrication 
and is more clinically realistic (13).Therefore, in the 
present study the flexural strength of the three types 
of evaluated composite resins has been examined 

Fig. (2) A bar chart representing surface micro-hardness of all 
investigated subgroups.
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using mini-flexural strength test. Vickers micro-
hardness test was selected for this study because it 
is relatively a simple technique, very popular and 
reliable for obtaining the results(16). 

In general, the immersion into food simulating 
liquids and thermocycling showed a significant 
decrease in the mini flexural strength and surface 
micro-hardness of the three tested materials as 
reported by many authors (10,17,18). Moreover, many 
authors (18–22) noticed a decrease in the surface 
micro-hardness of composite resins after immersion 
of food simulating liquids. This is related to the 
susceptibility of polymeric matrix to sorption of 
different liquids. A portion of the liquid locates 
into the microvoids and the free volume among 
polymer chains without noticeable volume 
changes; a portion of the liquid however separates 
the polymer chains leading to an increase of the 
volume (swelling) (14). Liquid uptake will moreover, 
leach unreacted components from the resin matrix, 
causing a reduction in mechanical properties (23). 
Water can cause softening of the resin composites 
by its plasticizing effect (10). In addition, 75% 
aqueous ethanol solution is the solvent that simulate 
and accelerate the aging of resin composite(24). 
Citric acid could simulate the oral environment as 
they found in many beverages and foods. Thermal 
shock by hot drinks and foods also participate into 
the resin composite degradation (24).

The reduction in mechanical properties of den-
tal composite resins by water uptake may be due 
to three factors; the first factor is due to water that 
swells the polymer matrix and occupies space be-
tween the main chains and cross links, as well as 
filling microvoids created during polymerization. It 
is possible at the same time that the water may cause 
some hydrolysis of the filler / matrix interfaces, and 
/or crazing of the polymer matrix which would con-
tribute to the reduction in properties. The second 
factor is that all the composites evaluated contained 
silica or silicate glass fillers that have irregularly 
distributed Si-O-Si bonds. When the composites are 
immersed in water, the resin matrix swells and radial 

tensile stresses are introduced at the filler interfaces, 
straining the Si-O-Si bonds in the fillers making the 
filler more susceptible to stress corrosion attack, re-
sulting in complete or partial filler debonding. The 
Last factor is due to the hoop stresses that are also 
exist around the filler particles as a result of ma-
trix shrinkage during polymerization. These hoop 
stresses increase the frictional forces between filler 
and resin matrix, thereby decreasing the filler pull-
out tendency during flexural testing. After aging in 
water, the plasticizing and swelling of the resin ma-
trix reduces the hoop stresses around the fillers and 
facilitate their pull out (17).

The 75% ethanol solution has a close solubil-
ity parameter to Bis-GMA-based materials, and the 
closer the solubility parameter between solvent and 
solute, the greater the solute’s degradation(20). 

Heptane decreases the mechanical properties of 
the composite resin materials as it is an organic so-
lution that can potentially damage the resin matrix, 
producing cracks in the interface, and consequently, 
weakens the material (19,21,25). In addition, degrada-
tion of the inorganic fillers may also play a role in 
the reduction of the material properties (25). 

The immersion in citric acid affects both the fill-
ers and the matrix. When the composite resin ex-
posed to low pH environment, the inorganic fillers 
tend to fall out from resin material and the matrix 
components decompose. Consequently, leakage of 
filler constituents has been shown to produce cracks 
at the resin– filler interface, which may lead to 
weakening of the material (19).

Thermocycling is a combination of hydrolytic 
and thermal degradation and a method to simulate 
temperature-related breakdown by repeated sudden 
temperature changes (26). Prolonged thermocycling 
may lead to water absorption by a diffusion-con-
trolled process, and it causes leaching of unreacted 
monomers and swelling of the matrix. Water acts 
like a plasticizer and thereby weakens the polymer 
structure. It also degrades the matrix/filler interface 
directly by hydrolytic breakdown of the silane/filler 
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interface and the surface of the filler particles, hence 
decreasing the mini flexural strength and surface 
micro-hardness of the three tested materials. Some 
authors (26,27) found a decrease in the flexural strength 
after thermocycling, others (28) reported that thermo-
cycling decreased the surface micro-hardness of 
the composite resin materials.  On the other hand, 
others (26) found an increase in the surface micro-
hardness of indirect composite resin materials after 
thermocycling and claimed that findings to the 55°C 
of the thermocycling water path temperature which 
leads to further polymerization of the surface of the 
composite resins.

The results of the mini flexural strength and sur-
face micro-hardness of the present study showed 
that the samples of Lava Ultimate before immer-
sion into food simulating liquids and thermocycling 
recorded significantly higher values compared to 
Nexco Paste and Filtek Z350 XT.  The higher flex-
ural strength and surface micro-hardness of Lava 
Ultimate (M1) may be related to its higher filler 
content (80% wt fillers) compared to the other two 
tested materials (15) The higher filler loading with 
smaller particle size provides a reduction in the 
interstitial spacing, which effectively protects the 
softer matrix, reduces the incidence of filler exfo-
liation, and enhances the material’s overall resis-
tance to abrasion(29). Moreover, resin composites 
with nanofiller showed higher flexural strength than 
resin composites with microhybrid fillers (30,31). In 
addition, secondary polymerization of the indirect 
composites produces a greater degree of polymer-
ization that improves the strength and hardness of 
composites (32). 

In the present study, the samples immersed 
into ethanol showed the lowest mean mini flexural 
strength and surface micro-hardness values in the 
three tested materials compared with the other im-
mersion liquids and thermocycling. Organic sol-
vents like ethanol have the potential for polymer 
damage. It can penetrate the resin matrix fully and 
promote the release of unreacted monomers. The 
partial dissolving of the resin matrix may result in 

the degradation of the filler-matrix interface, there-
by impairing the flexural strength (9,10,27)and the sur-
face micro-hardness (18–20).

CONCLUSION

1.	 The food simulating liquids and thermocycling 
affects mini flexural strength and surface micro-
hardness of the all tested materials.

2.	 The ethanol as a storage medium has the most 
deteriorating effect on mini flexural strength 
and surface micro-hardness of all the tested ma-
terials.

3.	 Among all the materials tested, Lava Ultimate 
seems to be the most stable in different food 
simulating liquids and thermocycling regarding 
the properties tested.
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