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ABSTRACT

Objective: To compare the micro-hardness, degree of conversion and elemental composition of two resin based
composites available in the market.

Study Design: Comparative study.

Place and Duration of Study: This study was conducted at the Department of Dental Materials, Islamic
International Dental College, Islamabad for 06 months from January 2018 to June 2018.

Materials and Methods: 40 disc shaped specimens of two light cured composite filling materials Filtek™Z250 XT
and Filtek™Z250 were irradiated for 20s and 40s. The degree of conversion, micro-hardness, surface
characterization and compositional elemental analysis wererecorded and compared.

Results: The degree of conversion (DC) of Filtek™Zz250-XT was found to be greater thanFiltek™Z250 composite
material yielding a higher mean degree of conversion at 20s and 40s (p < 0.05).It was also found that the
ultrastructure and size of filler particles of the two composites varied significantly from each other resulting in a
statistically significant difference in Vickers hardness micro-hardness (MH) (p < 0.05).

Conclusion: The DC and MH of the Filtek™Z250 composite was found to be lower than the Filtek™Zz250 XT
composite. Additionally, with variations in values compared to those acquired from literature it appears that the
Z250 composite acquired is a counterfeit. It is recommended that clinicians should purchase original products from
authorized dealers and should remain aware of other commercially available counterfeit dental products.
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INTRODUCTION Studies have shown that the longevity and quality of
resin-based restorations are improving over time and

Resin based composite materials gained immense  they are being utilized as a substitutes for silver based
popularity among dental practitioners towards the end amalgam restorations in posterior teeth?.

of the twentieth century. Over the past couple of  Dental composites comprise of four main components;
decades, with an increasing trend of minimal invasive inorganic filler particles, an initiator-accelerator system,

dentistry, the use of composites both as anterior as well an organic polymer matrix and a coupling agent. In
as posterior restorative materials has increased  order to aid handling and improve mechanical
tremendously?. properties, fillers are introduced to the polymeric part

of the composite. The most common composites are
currently being filled with silicate particles based on
oxides of the elements Strontium (Sr), Zinc (Zn),
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single bonds*. Fourier Transformation Infrared (FTIR)
spectroscopy is one of the most commonly used,
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powerful and reliable direct methods to detect the C=C
stretching vibrations before and after the curing of resin
materials®> 6. The degree of conversion may play an
imperative role in determining the ultimate success of
the restoration as the extent of cure may exert not only
an effect on the physical and mechanical properties of
the resin system but also solubility, dimensional
stability, color change, and biocompatibility. The
degree of conversion in Bis-GMA-based restorative
resins has been analyzed with infrared spectroscopy by
a large number of researchers and has been shown to
range between 50 to 80%’.

The Vickers hardness test is effective for measuring the
surface hardness of brittle materials. Gajewski et al.
suggested that even though different polymers have
different reaction Kinetics, there exists an almost
definitive link between the degree of conversion and the
physical properties of composites especially hardness®.

With the possible existence of widespread sale and
utilization of dental composite resins in the Pakistani
market, it has become extremely important to verify
any compositional changes of suspect materials and the
possible effects these variations might have on the
physical and mechanical properties of these products.
Clinical reports have been issued in regards to the
inferior handling properties of recently available
Filtek™Z250 micro-hybrid composites. In order to
substantiate such a claim, this in-vitro study was
undertaken to compare the degree of conversion, micro-
hardness, ultrastructure and elemental analysis of
Filtek™ Z250 and Filtek™ Z250-XT restorative
composite resins. The aim of this study was therefore to
identify any possible difference in the DC, MH, ultra
structure and elemental composition between the
Filtek™Z250 and Filtek™Z250-XT composite resin.

MATERIALS AND METHODS

This experimental study was carried out over a period
of six months. The study included two main types of
light-cured composite restorative materials; a micro-
hybrid composite (ESPE 3M Filtek™Zz250) and a
Nano-composite (ESPE 3M Filtek™ Z250 XT) that
were randomly collected from a number of suppliers
from the twin cities of Rawalpindi and Islamabad. A
total of 40 disc-shaped specimens (20 specimens of
Filtek™Zz250 and 20 of Filtek™Zz250 XT) were
prepared. The specimens were prepared using a metallic
mould with a central orifice of 6 mm diameter and a
thickness of 2 mm.

Sample preparation and material testing were
performed at IRCBM, COMSATS Lahore and at
SCME NUST, Islamabad. The main difference between
the two materials is related to the fillers incorporated by
manufacturers, which are different in size and
concentration.

These 20 specimens for each composite material were
further subdivided into two groups of 10 specimens

each, based on the curing time (20s and 40s). All 40
specimens (before and after curing) were submitted for
Fourier transformation infrared spectroscopy(FTIR) for
evaluation of the percentage of unreacted carbon to
carbon double bonds (C=C) in resin-based composites.
All disc-shaped specimens were then submitted for
evaluation of Vickers micro-hardness using an 1SO
standardized hardness tester.

The samples were also submitted for surface
characterization and compositional analysis for SEM
and EDX.FTIR ATR mode spectra of the uncured and
cured specimens of each resin composite were recorded
by Fourier transformation infrared spectrometer
(Nicolet 6700 FT-IT, Thermo Scientific). For ATR,
samples were in direct contact with the ATR diamond
crystal. All spectra were collected within the spectral
range of 4000-400cm™. The spectra were measured at
8cm? resolution accumulating a total of 128 numbers of
scans. After collecting spectra of the uncured specimen,
the specimen was cured at 20s and 40s using LED light
whose tip was in close contact to the mould while
curing. The specimens were then stored dry in a sample
bottle covered with aluminium foil at room temperature
for a few days, after which, Vickers hardness was
evaluated with a micro-hardness tester (Wolpert Micro-
Hardness Tester 401/402MVD).A load of 50g was
applied to the resin disks for 30 seconds, and the scores
were recorded in hardness Vickers (HV). The test was
performed for every restorative composite resin, and the
procedure was divided into 1 indentation for each resin
disk.

The surfaces were also slightly etched with a solution

of 0.8%(wt./vol) HsPO, for 10 seconds to obtain a

clearer image during SEM observation, after which the
specimens were oven dried for lhour at 37-degree
centigrade. The samples were then placed on
aluminium stubs with conductive tape, sputter coated
with gold for 90 seconds and observed under SEM
(Vega LMU from TESCAN Brno, Czech Republic)
with backscattered electron and secondary electron
signals at four different magnifications (1000x, 10000x,
25000x). The compositional analysis was performed
using Inca X-Act EDS detector from Oxford
Instruments, Oxford UK, which was attached to SEM.
Elemental composition of coated samples was
determined by performing a line scan throughout the
coated thickness.

All data was entered and analysed using SPSS v 23.0.
Mean and standard deviation was described for
guantitative data, such as micro-hardness and degree of
conversion values. The MH and DC values for all
samples were tabulated. All data was tested for
normality. Statistical comparisons were made between
the DC and MH values at 20 s and 40 s between
Filtek™ Z250 and Filtek™ Z250-XT. Independent
samples T test was used to compare normal data, while
the Mann-Whitney U test was applied to compare data
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not distributed normally. An arbitrary value of 0.05 was
considered to be significant.

RESULTS

The degree of conversion of Filtek™Z250-XT was
found to be significantly different from Filtek™Z250
composite resin, yielding a higher degree of conversion
at 20s (p = 0.052) and 40s (p = 0.001), as shown in
table 1. The curing mean values of Z250-XT were
92.90 + 14.85cm™ and 112.80 + 18.37cm?, while those
for Filtek™2Z250 were 77.60 + 17.87cm-1 and 84.90 *

8.72cm™ respectively, indicating a much lower degree
nf ronvercinn in comnaricnn (Tahle 1)

3M ESPE
Filtek™ Z250 "% '\
Univorsal Restorative - A2 Shaon

~ Mindriau 08 restauration unnerinl
- Tointe A2 :

-

- \ Lyl
A

A e N goiomoaz
' . Bl

. T

Figure No.1: Filtek™Z250 utilized in the study
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Figure No.2: Metallic Mould.

Table No.1: Analysis of Degree of Conversion for
Filtek Z250 and Filtek Z250 XT

at 20s and 40s curing time i.e. 13.03 + 3.49KgF and
15.20 + 4.91KgF respectively (Table 2).

Scanning electron microscope (SEM) observation with
backscattered electron and secondary electron provided
an adequate contrast between the resin matrix and
fillers. The shape and size of filler particles were
different amongst the composites. The filler particles
size and shape was more uniform and dense in
Filtek™Z250-XT  (nano-composite), whereas the
particles size and shape in Filtek™Z250 (micro hybrid)
composite were not as dense as in Filtek™Z250.
Filtek™Z250 showed both micro and nano sized filler
particles and the inter filler distance was greater as
compared to Filtek™Z250-XT (Figure 3). Whereas,
Filtek™Z250-XT contained nano sized fillers
distribution with little inter-filler distance. The images
were taken at 1000x, 10000x, 25000x and 50000x
magnification.

Table No.2: Analysis of Microhardness for Filtek
Z250 and Filtek Z250 XT

Filtek Filtek Mean P
Z250 | Z250 XT | Difference | Value
Micro 20 13.03 | 65.58+ 5255 + | <
hardness | Minutes | + 10.36 3.46 0.001
(KgF) 3.49
40 15.20 | 93.04+ 7784 + | <
Minutes | + 14.52 4.85 0.001

Filtek Z250 Filtek Z250
XT Di!
Degree of | 20 77.60+17.87 | 92.90+14.85 | 15
Conversion | Minutes 7.
40 84.90 +8.72 | 112.80+18.37 | 27
Minutes 6.

On analysing the difference in micro-hardness between
the two groups, Filtek™Z250-XT was found to have
significantly higher micro-hardness values at both 20
and 40 seconds (Table 2).The mean recorded for micro-
hardness of Filtek™Zz250-XT at 20s and 40s curing
time was 65.58 + 10.36KgF and 93.04 + 14.52KgF
respectively. Whereas, Filtek™Z250 presented with
statistically lower micro-hardness mean values recorded

b. SEM image at 25000 x for Filtek™Z250 XT
Figure No. 4: SEM Images for Filtek"™Z-250 and
Filtek™Z-250 XT at 25000x Magnification

Electron dispersive X-ray analysis (EDX) showed the
chemical compositions of the restorative composite
resins including the elements with relative values
expressed in weight percentage. Similar elements such
as carbon(C), oxygen (O), silicon Si and zirconium(Zr)
were detected; however, the concentration was different
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in both composite resins. The filler contents showed
interesting differences in elemental composition and
concentration. Silicon(Si) and zirconium(Zr) seemed to
be a common filler component. Silicon(Si) was present
in a greater amount in Filtek™Z250-XT. Zirconium(Zr)
filler content was higher in Filtek™Zz250 (micro-
hybrid) in comparison to Filtek™Z250-XT. The higher
concentration of zirconium(Zr) particle in Filtek™Zz250
could be due to the presence of micro size particles.
However, some selected areas in Filtek™Z250 showed
a lack of zirconium (Zr) content that might indicate the
lower non-uniform distribution of zirconium(Zr)
particles throughout the material. The EDX analysis of
the Filtek™Z250-XT composite resin showed the
presence of carbon (C), oxygen O, silicon(Si),
zirconium(Zr) , and sodium(Na) (Figure 3).

Therefore, the results showed that the Filtek™Zz250-XT
composite resin presented significantly superior DC and
MH values when compared to the Filtek™Z250
composite resin. The comparison revealed that most
filler particles are of irregular shape with increased
inter-particle distance and non-uniform distribution of
filler particles in Filtek™Z250 composite resin and
hence decreased filler load, which indicate low DC and
MH values.

DISCUSSION

The Filtek™Z250 is being sold in the Pakistani market
owing to its low price in comparison to other
composites. Filtek™Z250 showed inferior properties
comparative to the other tested composite. The findings
suggest that even though this composite has a similar
packaging and therefore not easily discernible as a
counterfeit product, the compositions of the resin, filler
and quality are significantly different.

Literature suggests that hardness values that exceed 50
(VHN) are ideal for composite resins. Comparing the
hardness values of Filtek™Z250 obtained in this study
with literature values, it was concluded that the this
material currently available in the market is not ideal
and the values for its VHN were below 50 (VHN)*
1011 According to literature, the VHN values of
commercially available authentic Filtek™Z250 are
higher as compared to the Filtek™Z250 tested in this
study*?. Thus, it was concluded from this study that
Filtek™Zz250 utilized in this study was similar in
packaging to the original Filtek™Z250 but its
characterization revealed that this material was
counterfeit. SEM images revealed that the counterfeit
Filtek™2Z250 samples have irregular particles with
particle size of 0.01-3.5 um and original Filtek™Z250-
XT contains spherical shaped filler particle materials of
size 20-25 nm. Comparatively, Filtek™Zz250-XT
yielded higher mean values for Vickers hardness and
contained a higher filler load in comparison to the
Filtek™2Z250 composite resin. These results suggest
that the hardness of the counterfeit composite resin

(Filtek™Z250) could possibly have been enhanced by
increasing the filler load concentration as this would
result in improved packing of fillers in the polymer
matrix.

Previous literature shows that the intensity of light
decreases as it passes through the bulk of the restorative
material, which in turn reduces the polymerization
potential by reduction of the light intensity passing
through'®!*. Major factors associated with light
attenuation include absorption and scattering within the
material’>, and reflection from the surface of the
restoration’®. These factors are dependent on the
composition of the material, predominantly the filler
content, type, size and the shape of the particles'” 8.
This study showed the micro-hybrid composite resin to
have lower mean hardness values. This could be
attributable to the diameter of the fillers causing light
attenuation. Consequently, the composite with the
lesser diameter fillers (Filtek™Z250-XT) showed the
highest Vickers mean hardness values. Hardness values
are also used as an indication of the depth of cure or
degree of polymerization. Comparable studies showed
that if hardness ratio is below 80%, it could indicate
poor polymerization in the test sample. Taking the
micro hardness values into consideration, it could be
suggested that the Filtek™Z250 used in this study may
not have been adequately polymerized. However, the
values of DC obtained in this study showed the degree
of polymerization within the acceptable range,
suggesting adequate polymerization had taken place.
These results indicate that this dental composite resin
has adequate curing efficiency, which is not reflected
by their hardness values.

The DC for Filtek™Zz250-XT was significantly higher
than Filtek™Z250 at both 20 seconds and 40 seconds.
Both micro-hybrid (Filtek™Zz250) and nano-hybrid
composites (Filtek™Z250-XT) were used with a
consistent thickness of 2mm. The findings also showed
that composites cured using the LED light curing unit at
40s had a higher degree of conversion compared to
those cured at 20s. Giorgi et al suggested that the
irradiation time may affect the degree of conversion
(DC)™. Literature also confirms that longer irradiation
times produce a higher DC. Both composite resins in
the current study reached an acceptable DC through
irradiation at 20s and 40s using LED curing light. The
higher degree of conversion observed in Filtek™Z250-
XT and adequate DC observed in Filtek™Zz250
composite resins can be explained by the presence of
UDMA. UDMA based resins have proven to be more
reactive than bisGMA-based resins®. The higher
conversion level in Filtek™Zz250-XT could also be
related to the partial substitution of the relatively stiff,
hydrogen-bonded bisGMA molecules due to longer and
more flexible bisGMA molecules. For Filtek™Z250,
the lower aliphatic: aromatic ratio could be an
additional possible reason?. In this study, as both
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Filtek™Z250 and Filtek™Z250-XT composite resins
have the same polymeric matrix, the difference could
rather be attributed to the filler particle size.
Furthermore, the DC is said to be increased upon
decreasing the distance of the light curing tip, using the
fiber optic light guide tip and upon increasing the time
of irradiation?24,

The distributions of filler particles seen in the SEM-
images may indicate a larger inter-particle distance in
Filtek™Zz250 than in Filtek™Zz250-XT. Energy
Dispersive X-ray analyser (EDX)results indicate the
presence of carbon(C), oxygen(O), silicon(Si) and
zirconium(Zr) in Filtek™Zz250 (micro-hybrid). The
elements carbon(C), oxygen O and zirconiumZr are
present in relatively higher concentrations and
silicon(Si) is found in relatively lower concentrations in
comparison to literature values. Contrary to literature
which indicates the presence of sodium(Na) contents in
Filtek™ Z250, this study presented an absence of
sodium(Na) . Rogelio investigated light cure restorative
composite resins which had recently been improved.
The EDX results for Filtek™ Z250 indicated the
presence of carbon(C), oxygen(O) , sodium(Na), silicon
Si, and zirconium(Zr) in concentrations of 37.69, 33.21,
0.17, 19.77 and 9.16 respectively?®. On the contrary,
our study shows the presence of carbon(C), oxygen(O),
silicon(Si) and zirconium(Zr) in concentrations of
50.41, 37.21, 12.37 and 14.28 respectively in our
sample of Filtek™Zz250. This could indicate why the
material currently available in the market may not be up
to standard as well as it does not meet the clinical
demands in terms of mechanical properties. Filler
morphology and inter-particle spacing which is
dependent on filler load volume and size has proven to
be another key factor affecting the wear resistance of
composites. The shorter the distance between the
particles, the better the matrix will be protected against
wear and scratch. From this study it is evident
thatFiltek™Z250 had a lower microhardness value
owing to greater inter-filler distance in comparison to
Filtek™Z250-XT.

This study compared two different composite
materialswithout any prior bias, out of which one
turned out to be counterfeit based after investigations.
Future studies should focus on testing multiple
counterfeit composites with tested products of the same
filler type.

CONCLUSION

The present study suggests that Filtek™Z250-XT has
superior properties, in comparison to Filtek™Z250. The
Filtek™Z250 used in this study was a counterfeit
product that had a packaging exactly similar to the
original company-manufactured product. However, the
production was not done under standardized conditions
and hence the micro hardness, degree of conversion and
the elemental composition were significantly

compromised. It is recommended that dentists should
remain aware of commercially available counterfeit
dental products since these are highly likely to show
poor performance in the patients.
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