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Influence of photopolymerization parameters
on the mechanical properties of polymer-ceramic composites
applied in the conservative dentistry
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In this paper, the results of study of mechanical properties for four commercial polymer-ceramic composites applied in the conser-
vative dentistry are presented, including one new silorane based composite and three standard composites based on methacrylate com-
pounds. Influence of the type of light of diode and halogen polymerization lamps on the microhardness, flexural strength and elasticity
were studied. Both exposed and unexposed specimens were taken into account. An exposure time was also differentiated (40 sec and 60 sec).
Basic statistics of the analysed material parameters were determined. A post hoc test (Newman—Keuls) was performed in order to evaluate
differences between microhardness of the materials studied, as well as Kruskal-Wallis test to evaluate differences in flexural strength
and elasticity modulus of the material. It has been indicated that there is an impact of the type of lamp on the microhardness and flexural
strength of composites with methacrylate matrix and lack of such impact in the case of composites containing siloranes. Additionally, it
has been found that an increase of photopolymerization time has a significantly different impact on the mechanical properties depending
on the type of irradiated material.
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reflect formation of marginal fissure in the filling—
tooth hard tissue system [1]. The marginal fissure
leads to bacterial leakage and results in secondary

1. Introduction

Nowadays, composite materials applied for dental
restorations are increasingly better adapted to the con-
ditions in human oral cavity. Besides the typical re-
quirements for such materials, e.g., good aesthetic
properties, ease development, X-ray contrast, me-
chanical strength and resistance to wear, it is neces-
sary to ensure the minimum polymerization shrinkage
and appropriate elasticity. The last two characteristics

caries formation and clinical degradation of the filling
[2]. Thus, verification of quality of the new composite
dental materials and selection of photopolymerization
procedures requires cooperation between material and
mechanical engineering experts with the dentists.
From the clinical point of view a promising mate-
rial group with minimized polymerization shrinkage
are polymer-ceramic composites, where silica micro-
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particle or nanoparticle fillers, as well as siloranes are
used as a matrix material. Such materials have a hy-
brid matrix in a half made of silorane particles and
oxiranes [3], [4]. It is well known that composites
with silorane matrix are characterized by suitable me-
chanical properties from the mechanical point of view.
However, they are not well examined in terms of op-
erational factors [3]-[5].

A photopolymerization procedure has a significant
impact on the physical-mechanical properties of poly-
mer-ceramic composites. Intensity and light spectrum
plays an important role, as well as the exposure time
[7], [8]- The impact of photopolymerization parame-
ters on the mechanical properties of composites has
been presented in [9]-[13]. Versluis [14] drew atten-
tion to the problem of microhardness local gradient in
the lamp impact area. Nowadays a significant progress
in the development of polymerization lamps technol-
ogy can be observed. In dental practise, besides halo-
gen lamps, the diode lamps are commonly applied.
Modern lamps using electroluminescent diodes are
characterised by the following: low energy consump-
tion, moderate radiation intensity and very high dura-
bility. In the literature a large number of reports on the
polymerization lamp selection with regard to me-
chanical properties of light-curing composites can be
found [1], [8], [15]-[20]. However, there is not much
information regarding new composites with silorane
matrix.

The aim of the studies presented in this paper was
to investigate the influence of different polymerization
procedures (type of lamp, exposure time) on the me-
chanical properties and anisotropy of the new dental
composite, containing siloranes, comparing to three
microhybrid composites based on methacrylates.
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2. Materials and methods

Three composites based on methacrylate com-
pounds were studied, with the following trade names:
Gradia Direct Anterior (GDA), Gradia Direct Posterior
(GDP) and Herculite XRV (H), and new composite
with silorane matrix — Filtek Silorane (FSi).

Physical parameters of the materials studied are
given in Table 1.

Filtek Silorane is an innovative composite with si-
lorane matrix and silica filler. It is characterized by
low polymerization shrinkage of approx. 1.5% and
flexural strength of 120 MPa [3]. Gradia Direct Ante-
rior and Gradia Direct Posterior are materials based on
methacrylates. They have moderate mechanical prop-
erties but they stand out good clinical properties and
they have been commonly applied in the dental practise
in recent years. Herculite XVR is a traditional compos-
ite based on methacrylates with good mechanical prop-
erties (elasticity modulus E-10,1 MPa) [21].

In the present study photopolymerization with two
types of light was applied: L.E.Demetron 1 (SDS/Kerr)
diode lamp and Astralis 7 (Ivoclar Vivadent) halogen
lamp. Technical data of lamps are given in Table 2.

The exposure times of 40 sec and 60 sec were ap-
plied. Time of 40 sec is recommended by the materi-
als’ manufacturer. The authors introduced experi-
mentally the time of 60 sec based on the literature
reports [8], [16], [17], where it is suggested that the
extension of the exposure time can improve polymeri-
zation efficiency by the increase of conversion degree.
The degree of conversion is how much percent of
double bonds in the polymer structure have been satu-

Table 1. List of composites studied

Filler Filler
Composite Manufacturer Type content articlez size
wt%) | P
. . . . 0.1-1 um
Filtek Silorane (FSi) 3M ESPE Silorane 76 0.04-1.7 um
Gradia Direct Ant (GDA) GC Microhybrid 73 Average
0.85 pm
Gradia Direct Post. (GDP) GC Microhybrid 77 Average
0.85 pm
Herculite XRV (H) Kerr Microhybrid 79 0.6 pm

Table 2. Specification of the applied photopolymerization lamps

Wave length | Power density
Lamp Type Manufacturer [nm] [mW/om?]
L.E.Demetron 1 (LED) LED SDS/Kerr 450+470 200+800
Astralis 7 (HAL) Halogen | Ivoclar-Vivadent 400+510 750
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rated (converted to a single bond) [22]. Depending on
the photopolymerization process conditions the degree
of conversion is in a range between 65% and 80%
[19], [23].

The work was divided into two parts:
— microhardness studies,
— flexural strength and elasticity modulus studies.

2.1. Microhardness studies

Microhardness study allows indirect evaluation of
some important composite properties from the clinical
point of view. As was experimentally demonstrated
[1] there is a correlation between composite micro-
hardness and value of polymerization shrinkage.
Moreover, it has been found that there is a relationship
between microhardness and composite restoration wear
in in vitro simulation conditions [23]. The microhard-
ness study can also be used for evaluating local photo-
polymerization gradient, i.e., inhomogeneities of com-
posite properties in the lamp impact area [14].

In the presented work for microhardness studies
eight specimens from each material were prepared,
with the shape of disc with a diameter of 10 mm and
thickness of 1 mm. A group of specimens from each
material was divided into subgroups of 2 specimens
assigned to the type of lamp and specified exposure
time. Microhardness measurements were made with
Vikers method by means of Futertech FM 700 device
(Future-tech Corp. Japan), with loading of 50 g.
Penetration time of indenter was set to 15 sec. The
measurements were performed at 10 points on each
specimen surface studied. Measurement coordinates
were set possibly to cover the whole surface of the
specimen. They were the same for all specimens. The
test was carried out on both exposed (Ic) and unex-
posed (nlc) specimen surfaces.

2.2. Flexural strength studies

For the strength studies a TFS test (Three Point
Flexural Strength) was applied. Three point flexural test
is recognized by the International Organization for Stan-
dardization as applicable in dental strength studies of
polymer composites [24]. From each material 40 speci-
mens in a form of rectangular prismatic beam were
prepared, with dimensions of 2 mm x 2 mm x 25 mm
according to PN-EN ISO 4049. A set of specimens
from each material were divided into subgroups with
10 specimens assigned to the type of lamp and speci-
fied exposure time.

3. Results

3.1. Microhardness

Microhardness test results are presented in Tables 3
and 4. The results were grouped based on: material
(GDA, GDP, FSi, H), type of lamp (HAL, LED), ex-
posed and unexposed surface (LC, NLC). The fol-
lowing were specified: size of basic measurement
subgroup N, average value, standard deviation, and
coefficient of variation. Filtek Silorane microhardness
increased after extension of the exposure time with
diode lamp (LED), while remained unchanged after
extension of the exposure time with halogen lamp.
A similar tendency was found for Herculite XRV
material. FSi material was characterized by higher
hardness compared to studies with methacrylates
based composites GDA and GDP. Additionally, FSi
showed comparable flexural strength and elasticity
modulus to H material.

Analysing impact of the type of lamp it should be
noticed that the new material FSi based on siloranes
showed the highest microhardness, compared to meth-
acrylate based composites, at a level of 51-52 MHV
and exposition to halogen lamp for 40 sec. In case of
this material the extension of exposure time to LED
lamp caused increased microhardness, while the expo-
sure time to HAL lamp had no significant influence
on the microhardness.

The lowest microhardness was found for GDA
(25 MHV) and GDP (from 33 to 35 MHV). The ex-
tension of exposure time to LED lamp had a positive
effect on microhardness of GDA material, however it
had a negative impact on GDP microhardness. The
exposure time to HAL lamp had a slight and ambigu-
ous effects for both materials.

In the case of H material the average microhardness
value was between 36 MHV and 43 MHV. The exten-
sion of exposure time both with LED lamp and HAL
lamp had a positive effect on microhardness of this ma-
terial. Microhardness of H material was in a range of 36
to 43 MHV. A significant impact of the exposure time
when using LED lamp has been demonstrated. Consid-
ering different microhardness values between exposed
LC and unexposed NLC surfaces a statistical signifi-
cance of differences was analysed using post hoc
Newman—Keuls test. Test results in most cases for
Gradia Direct Anterior and Gradia Direct Posterior
materials demonstrated no significant differences
between LC and NLC surfaces. For H material sig-
nificant difference was observed between microhard-
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Table 3. Descriptive statistics of composite microhardness exposed to halogen lamp.
CT — exposure time, LC — exposed surface, NLC — unexposed surface

Composite | Lamp CT S N Mean | Std. dev. | C. Var. %
03 Nre o0 Tavas [ ra | 5o

GDA HAL 60 s LC 20 | 28.20 1.18 4.18
NLC 20 | 27.74 0.98 3.52

40's LC 20 38.64 1.60 4.14

0 HAL NLC 20 | 38.88 1.55 3.98
60 s LC 20 | 41.64 0.78 1.87

NLC 20 | 39.36 1.76 448

03 Nee o0 w0 | o |70

GDP HAL 60 s LC 20 | 33.77 1.17 3.45
NLC 20 | 35.44 1.68 4.74

03 Nre o0 oo | rer | 327

FSi HAL 0o EC 20 [ 5168 | 1.99 3.85
NLC 20 | 49.07 2.00 4.07

Table 4. Descriptive statistics of composites microhardness exposed to diode lamp.
CT — exposure time, LC — exposed surface, NLC — unexposed surface

Composite | Lamp CT S N Mean | Std. dev. | C. Var. %
05 Nee a0 [anor | o5 | 215
GDA LED 60 s LC 20 | 2943 1.38 4.69
NLC 20 | 29.91 1.44 4.81
40s LC 20 | 36.93 1.04 2.82
q LED NLC 20 | 36.38 1.07 2.95
60 s LC 20 | 40.14 0.69 1.73
NLC 20 | 43.29 1.65 3.80
TS T TN B E T T
GDP LED 60 s LC 20 | 33.21 1.63 4.89
NLC 20 | 33.32 2.06 6.19
40's LC 20 | 46.51 1.36 2.93
Si LED NLC 20 | 4437 1.16 2.62
FSi 60 s LC 20 | 53.16 1.40 2.63
NLC 20 | 50.31 2.09 4.15

ness on both LC and NLC sides when using LED
lamp and HAL lamp after 60 sec. However, no sig-
nificant differences between LC and NLC were indi-
cated, after using LED lamp for 40 sec. In the case of
FSi material no significant differences between results
obtained for exposed and unexposed surfaces were
shown. Generally, greater differences have been found
for diode lamp than for the halogen lamp.

It should be emphasized that the differences be-
tween testing options for FSi material are in many
cases significant, however in smaller range than in the
case of GDA, GDP and H materials. For FSi compos-
ite only in four cases no statistically significant differ-
ences between results groups were shown, NLC LED
60 sec and NLC HAL 40 sec and NLC LED 60 sec
and NLC HAL 60 sec, as well as LC HAL 40 sec and

LC LED 60 sec, and LC HAL 40 sec and LC HAL 60
sec. For the material based on methacrylates — GDA
in seven cases no differences were indicated, whereas
for H material no differences were observed in five
cases.

3.2. Flexural strength
and modulus of elasticity

In Tables 5 and 6, descriptive statistics of flexural
strength and modulus of elasticity are presented. The
highest average flexural strength was demonstrated
for FSi material after using halogen lamp for 60 sec
(120 MPa). The values are consistent with the ones
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Table 5. Statistics of flexural strength study results

Composite | Lamp | CT N Mean Std. dev. | C. Var.
40s | 10 75.78 5.87 7.74
GDA HAL 60s | 10 81.46 4.51 5.53
LED 40s | 10 61.88 5.94 9.60
60s | 10 64.30 11.89 18.49
40s | 10 | 112.37 10.72 9.54
i HAL 60s | 10 107.22 13.62 12.70
LED 40s | 10 | 102.63 12.22 11.90
60s | 10 | 105.94 8.14 7.68
40s | 10 84.83 3.66 4.32
GDP HAL 60s | 10 82.25 6.10 7.41
LED 40s | 10 75.00 8.61 11.48
60s | 10 68.72 9.16 13.33
40s | 10 | 111.08 8.08 7.28
Fsi HAL 60s | 10 120.09 11.97 9.96
' Lep | 40s [ 10 [107.00 [ 978 9.14
60s | 10 | 106.54 11.34 10.65

Table 6. Statistics of modulus of elasticity study results

Composite | Lamp | CT N Mean Std. dev. | C. Var.
40s | 10 4.24 0.25 5.96
GDA HAL 60s | 10 4.54 0.22 4.86
LED 40s | 10 433 0.25 5.76
60s | 10 5.05 0.26 5.26
40s | 10 8.49 0.20 2.39
H HAL 60s | 10 8.93 0.49 5.48
LED 40s | 10 8.18 0.46 5.63
60s | 10 8.59 0.37 4.35
40s | 10 5.43 0.25 4.69
GDP HAL 60s | 10 6.01 0.31 5.12
LED 40s | 10 5.65 0.20 3.49
60s | 10 6.29 0.41 6.59
40s | 10 7.30 0.64 8.80
FSi HAL 60s | 10 7.40 0.65 8.82
! LED 40s | 10 8.08 0.55 6.81
60s | 10 8.30 0.68 8.23

reported in the literature [3]. The lowest average flex-
ural strength was obtained for GDA material after
using diode lamp for 40 sec (62 MPa). In the case of
all materials studied higher strength values were ob-
served for halogen lamp, while extension of exposure
time to 60 sec had no impact on the strength increase.

The highest average modulus of elasticity was ob-
tained for H material after using halogen lamp and
exposure time of 60 sec (8.93GPa). The lowest aver-
age modulus of elasticity was observed for GDA ma-
terial after using halogen lamp and exposure time of
40 sec (4.24 GPa). In most cases the increase of
modulus of elasticity was observed after using diode
lamp. Only in one case of H material such dependence
was not demonstrated. Additionally, it has been
shown that the increase of modulus of elasticity was
favoured by the longer exposure time.

In order to evaluate a statistical significance of the
impact of photopolymerization parameters on the
strength and elasticity modulus of the composites
studied a Kruskal-Wallis test (K—W) was applied.

Assuming significance level ( p < 0.05) the differ-
ences between the results of flexural strength studies
were classified. For GDA material differences be-
tween LED and HAL groups were considered as sig-
nificant, whereas differences related to time were not
considered. For H material no statistically significant
differences between the results were observed, mean-
ing that in the case of this material impact of the ex-
posure time and type of lamp was negligible. In the
case of GDP material a significant differences be-
tween strength in the groups HAL 60 sec and LED 60
sec, as well as HAL 40 sec and LED 40 sec were
demonstrated. Regarding FSi material no statistically



34 D. PIENIAK et al.

significant differences between different groups were
observed.

The K—W test in many cases has indicated large
differences between values of modulus of elasticity.
For GDA material significant differences were ob-
served between results in LED group when changing
exposure time, and differences between groups LED
60 sec and HAL 40 sec. In the case of H material sig-
nificant differences between LED 40 sec and HAL
60 sec were observed. For GDP material significant
differences were shown between the following
groups: HAL 40 sec and HAL 60 sec, HAL 40 sec and
LED 60 sec, LED 40 sec and LED 60 sec. Whereas
for FSi material no significant differences for modulus
of elasticity were shown.

4. Discussion

Nowadays, different photopolymerization technolo-
gies of light-cured materials are being applied. Com-
monly used are halogen lamps and diode lamps, which
were developed as an alternative. The diode lamps are
applied due to some drawbacks of the halogen lamps. In
halogen lamps as a result of heat loss only 10% of en-
ergy is converted to visible spectra, and due to the
applied filters only 1% of the total lamp energy is
utilized in the blue light stream. Moreover, lower
temperature occurring in the oral cavity during pho-
topolymerization process with LED lamp has a sig-
nificant impact on the patient’s comfort [26]. However,
the most commonly applied are standard halogen and
diode lamps. Many publications report that LED
lamps allow obtaining mechanical properties of com-
posite close to the one obtained with HAL lamp at
lower radiation intensity [27], [28]. The studies pre-
sented not fully support such dependence. In most
cases mechanical properties after using LED lamp were
significantly poorer. The slightest differences have
been indicated for FSi material based on siloranes.

Flexural strength is very important due to stresses
arising in the filling structure, being a result of the
chewing process. Microhardness is an important
measure of the surface mechanical properties, the
materials should be resistant to impact of food parti-
cles and processes occurring due to contact of the
opposing teeth. Surface properties should be in a par-
ticular specified range to enable the appropriate food
fragmentation, and should not impact wearing of the
opposing teeth.

Flexural strength testing according to ISO4049 re-
quires application of specimens with dimensions con-

strain repeated irradiation of the same specimen. Such
a method of preparation reflects inhomogeneity of
specimen properties, because some irradiations over-
lap. Furthermore, in the areas of beams irradiated as
first a shrinkage occurs that generates stresses, result-
ing in damage in unpolymerized part [29]. Due to
these processes the obtained flexural strength values
and modulus of elasticity do not fully represent real
properties of composite. The low values of flexural
strength can indirectly indicate increased susceptibil-
ity to shrinkage and shrinkage stresses. FSi composite
due to its structure and polymerization method is less
susceptible to the above phenomena. In the studies
presented this composite indicated the highest flexural
strength. In the materials based on methacrylate sys-
tem, a light-initiated polymerization procedure leads
to a change of double bonds of material molecules to
single ones, which contributes to reduction of volume
and polymerization shrinkage. It is considered that
using pre-polymerized molecules reduces the number
of double bonds in the composite structure, reflecting
hybrid materials to be more inhomogeneous, but indi-
cates lower polymerization shrinkage and better me-
chanical characteristics. Studies confirmed a similar
strength and elastic properties only in the case of one
methacrylate microhybrid composite H and composite
based on siloranes. A stiffness of H composite was the
highest. Whereas strength of GDA composite is lower
than permitted value specified in ISO4049 standard,
however this composite is applied in the anterior.

5. Conclusion

1. It has been indicated that a change of polymeriza-
tion lamp from halogen to diode in the case of
Filtek Silorane composite based on siloranes, has
no significant impact on its flexural strength, while
it slightly improves its elasticity, but at the same
time reduces its microhardness. A comparable in-
fluence has been demonstrated for standard Her-
culite XRV material, with no change in modulus
of elasticity. In the case of the remaining materials
based on methacrylates (Gradia Direct Anterior,
Gradia Direct Posterior), application of the diode
lamp reduces flexural strength, but improves
modulus of elasticity (after extending the exposure
time) and has no impact on the microhardness.

2. It has been demonstrated that the extension of
the exposure time with halogen lamp for Filtek
Silorane, improves its flexural strength, but has no
impact on the elasticity and microhardness. Re-
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spectively, in the case of Herculite XRV material,
flexural strength and elasticity remain unchanged,
while microhardness increases. Regarding GDA
and GDP materials the following has been con-
cluded: no impact of the exposure time on the
strength, slight positive impact on the modulus of
elasticity, and slight but ambiguous impact on mi-
crohardness.

3. It has been shown that the extension of exposure
time with diode lamp in the case of FSi material
has no influence on the strength and elasticity,
whereas significantly increases microhardness.
A similar impact has been observed for Herculite
XRV material. For GDA and GDP no impact of
the extension time on the strength, positive impact
on the modulus of elasticity, and varied impact on
the microhardness have been shown.

4. Based on the studies conducted it can be con-
cluded that for the materials based on silorane
compounds application of the LED lamp is more
advantageous.

References

[1] LiJ., Lt H., FokA A.S.L., WATTS D.C., Multiple correlations
of material parameters of light-cured dental composites,
Dent. Mater., 2009, 25, 829-836.

[2] NIEWCZAS A., Laboratoryjne badania fizyko-mechanicznej
degradacji kompozytowych wypetnienn stomatologicznych
oraz ocena ich trwalosci, Wyd. Uniwersytetu Medycznego
w Lublinie, Lublin 2012.

[3] LieN W., VANDEWALLE K.S., Physical properties of a new silo-
rane-based restorative system, Dent. Mater., 2010, 26, 337-344.

[4] MOSZNER N., SALZ U., New development of polymeric dental
composites, Prog. Polym. Sci., 2001, 26, 535-536.

[5] MUSANIE L., FERRACANE J.L., Effects of resin formulation and
nanofiller surface treatment on the properties of experimental
hybryd resin composite, Biomater., 2004, 25, 4065-71.

[6] PIENIAK D., NIEWCzAS A.M., Phenomenological evaluation
of fatigue cracking of dental restorations under conditions of
cyclic mechanical loads, Acta of Bioengineering and Biome-
chanics, 2012, 14, 2, 9-17.

[7] PAweowskA E., LoBA K., BLASIAK J., SZCZEPANSKA .,
Properties and Risk of the Use of Bisphenol A—Glycidyl
Methacrylate and Urethane Dimethacrylate — Basic Mono-
mers of Dental Restorative Materials, Dent. Med. Probl.,
2009, 46, 4, 477-485.

[8] PEris A.R., Mitsul F.H.O., AMARAL C.M., AMBROSANO
G.M.B., PIMENTA L.A.F., The effect of composite type of mi-
crohardness when using quarto-tungsten-halogen (OTH) of
LED lights, Oper. Dent., 2005, 30(5), 649-654.

[9] ASMUSSEN E., PEUTZFELDT A., Influence of UEDMA, Bis-GMA
and TEGDMA on selected mechanical properties of experimen-
tal resin composites, Dent. Mater., 1998, 14, 51-6.

[10] FERRACANE J.L., BERGE H.X., CONDON JR., In vitro aging of
dental composites in water — effect of degree of conversion,
filler volume, and filler/matrix coupling, J. of Biomed. Mater.
Res., 1998, 42, 465-72.

[11] KELSEY W.P., LATTA M.A., SHADDY R.S., STANSILAV C.M.,
Physical properties of three packable resin-composite re-
storative materials, Oper. Dent., 2000, 25, 331-5.

[12] MANHART J., KUNZELMANN K.H., CHEN H.Y., HICKEL R.,
Mechanical properties of new composite restorative materi-
als, J. of Biomed. Mater. Res., 2000, 53, 353-61.

[13] PALIN W.M., FLEMING G.J.P., BURKE F.J.T., MARQUIS P.M.,
RANDALL R.C., The reliability in flexural strength testing of
a novel dental composite, J. of Dent., 2003, 31, 549-557.

[14] VERsLUIS A., TANTBIROIN D., DouGLAas W.H., Do dental
composites always shrink toward the light? J. of Dent. Res.,
1998, 77, 1435-45.

[15] DALL'MAGRO E., SINHORETI M.A., CORRER A.B., CORRER-
SOBRINHO L., CONSANI S., PUPPIN-RONTANI R.M., Effect of
different initial light intensity by the soft-start photoactiva-
tion on the bond strength and Knoop hardness of a dental
composite, Braz. Dent. J., 2007, 18(2), 107-12.

[16] DuNN W.J., BUsH A.C., 4 comparison of polymerization by
light-emitting diode and halogen-based light-curing units,
J. Am. Dent. Assoc., 2002, 133(3), 335-41.

[17] LopHt T.A., Surface hardness of different shades and types
of resin composite cred with a high Power LED light curing
unit, University of Western Cape, 2006.

[18] RITTER IL.E., Critique of test methods for lifetime predictions,
Dent. Mater., 1995, 11, 147-151.

[19] SANTERRE J.P., SHAJI Z., LEUNG B.W., Relation of dental
composite formulations to their degradation and release of
hydrolyzed polymeric-resin-derived products, Crit. Rev. Oral
Biol. Med., 2001, 12, 136-151.

[20] NiEwczas A., PIENIAK D., OGRODNIK P., Reliability analy-
sis of strength of dental composites subjected to different
photopolymerization procedures, Maitenace and Reliability
— Eksploatacja i Niezawodnos$¢, 2012, 3, 249-255.

[21] HEINTZE S.D., ZAPPINI G., ROUSSON V., Wear often dental
restorative materials in five wear simulators—Results of
a round robin test, Dent. Mater., 2005, 21, 304-317.

[22] PEUTZFELD A., Resin composites in dentistry the monomer
system, Eur. J. Oral Sci., 1997, 105, 97-116.

[23] HEINTZE S.D., ZELLWEGER G., ZAPPINI G., The relationship
between physical parameters and wear of dental composites,
Wear, 2007, 263, 1138—1146.

[24] ISO 4049 Dentistry — Polymer-based filling, restorative and
luting materials 2000.

[25] PIENIAK D., NIEWCZAS A., KORDOS P., Influence of ther-
mal fatigue and ageing on the microhardness of polymer-
ceramic composites for biomedical applications, Maitenace
and Reliability — Eksploatacja i Niezawodnos¢, 2012, 2,
181-188.

[26] UHL A., MiLLS R.W., JANDT K.D., Polymerization and light-
induced heat of dental composites cured with LED and halo-
gen technology, Biomater., 2003, 24, 1809—-1820.

[27] STAHL F., ASHWORTH S.H., JANDT K.D., MILLS R.W., Light-
emitting diode (LED) polymerisation of dental composites:
flexural properties and polymerisation potentia, Biomater,
2000, 21, 1379-85.

[28] UHL A., MiLLS R.W., RzanNyc A.E., JANDT K.D., Time
dependence of composite shrinkage using halogen and LED
light curing, Dent. Mater., 2005, 21, 278-286.

[29] PALIN W.M., FLEMING G.J.P., MARQUIS P.M., The reliabil-
ity of standardized flexure strength testing procedures for
a light-activated resin-based composite, Dent. Mater., 2005,
21,911-919.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


