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ABSTRACT

Purpose: The aim of the work was to test hardness of composite dental materials with
different resins in relation to different light-curing parameters.

Design/methodology/approach: The following article provides and insight into factors
influencing hardness of composite materials. Standardized samples made of Herculite XRV
based on a methacrylate resin and Filtek Silorane based on silorane resin were tested using
two types of Light Curing Units (LCUs) — halogen and LED. The distance of light source and
time of curing differed between samples.

Findings: Filtek Silorane composite compared to Herculite XRV composite guarantees
higher hardness, regardless of the used LCU type. Using LED LCU compared to halogen
LCU allows to obtain higher hardness both for Herculite XRV and Filtek Silorane composite.
The lower the distance of light source the higher the hardness of composite material.

Research limitations/implications: Further studies will provide additional information
on other properties such as compressive strength, wear resistance and light transmission.

Practical implications: This article presents important comparison between older and
newer composite technology. It provides practical information on polymerization methods.

Originality/value: Article shows broad spectrum of different curing methods, important to
the composite use in dentistry.
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1. Introduction

Recent decades brought great improvements in the field
of dental composites [1]. In 1962 Bowen has introduced
bisphenol A glycidyl methacrylate (Bis-GMA) as a dental
restorative material, which started the evolution of dental
composites. The composite’s properties such as viscosity
and polarity has been changed many times, by modification
of functional groups [2]. Majority of available composite
resins are based on methacrylates [1].

Recently, a new composite material — silorane was
made commercially available. The name of the material
indicates a hybrid compound of siloxane and oxirane
functional moieties [3]. The development of the composite
materials increased their strength, wear resistance and
esthetics [4].

One of the most important properties of dental
composites is their hardness. The hardness of dental filling
materials is an important measure and informs how easy
the structure of a material can be finished and determines
its resistance to scratch during the lifetime. Finishing and
polishing is important for aesthetic reasons. Cracks can
influence the material fatigue and cause premature damage.
Hardness can be generally defined as a resistance to
permanent penetration or indentation of the surface.
A material can be considered hard if it is resistant to the
indentation by a hard indenter, such as a diamond.

Hardness of composite dental materials is usually
measured on the Knoop scale. Knoop hardness is acquired
by measuring the length of the longest diagonal of the
indentation made by the diamond indenter and calculating
necessary load to create the projected area. The bigger the
projected area, the lower the reading on the scale.

Knoop's hardness test is used to measure the hardness
of thin plastic or metal sheets and also brittle materials.
Applied load does not exceed 35N. The load is applied to a
carefully prepared diamond indenter with a pyramidal
shape. The test measures the longer diagonal of the
indentation in the material. The number on Knoop hardness
scale (KHN, Knoop hardness number) is acquired by
dividing the test load by the projected area:

KHN = F/d’

In the formula above F is an applied load and d is the
length of indentation along its longer axis in mm. The main
disadvantage of this method it the need of polishing the test
surface. This is necessary to acquire a flat sample and is
more time consuming than in other, less precise methods.

The aim of the work was to test hardness of dental
composite materials with different matrixes in relation to
different light-curing parameters.
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2. Material and method

The research was performed on 70 standardized
samples of Herculite XRV dental composite (KERR, shade
A3) based on a methacrylate resin and 70 standardized
samples of Filtek Silorane dental composite (3M ESPE,
shade A3) based on a silorane resin. The samples 7 mm x
3 mm x 3 mm were acquired by light-curing dental
composites in a specially prepared silicone mold.

The materials were polymerized using Elipar Highlight
halogen LCU (3M ESPE), 75W with maximal irradiance
of 700 mW/cm? and SmartLite LED LCU (DENTSPLY),
5W LED with maximal irradiance of 950 mW/cm”. The
distance of the LCU and the time of curing differed
between the samples. The distance of the light-curing unit
(LCU) was set with spacer rings 2 mm high.

The time of light-curing of the dental composite is the
time of polymerization of unsaturated components.
Polymerization of the photoactive particles is initiated by
the light emitted by the halogen and LED LCUs during the
curing. The samples were cured for 10 s, 20 s, 30 s, 40 s,
50 s, 60 s or 70 s from a distance of 0 mm, 2 mm, 4 mm,
6 mm and 8 mm.

The coding for light-cured samples of dental
composites used in the paper was as follows:

type of the material — distance in millimeters — time of
light-curing in seconds — type of the LCU

The following codes were established:

e H — Herculite XRV dental composite (KERR),

e FS —Filtek Silorane dental composite (3M ESPE),

e The numbers between 0 and 8 determines the distance
between the LCU (halogen or LED) and the surface
of cured dental composite during the curing,

e The numbers between 10 and 70 determine the time
of light-curing in seconds,

e HAL - dental composite cured with halogen LCU,

e LED — dental composite cured with LED LCU.

An example of sample coding:

H-0-40-HAL — Herculite XRV dental composite light-

cured directly on the surface (0 mm) for 40 s with the

halogen LCU.

The hardness of Herculite XRV and Filtek Silorane
samples cured by the halogen or LED LCUs was measured
with Knoop test in the Institute of Material Engineering at
the West Pomeranian University of Technology in Szczecin
in accordance to PN-EN ISO 6507-1. The tests were
performed with Micromet 5103 microhardness tester by
Buehler. In the experiment the load of 10 N was applied.

The tests were performed three time for each cured
sample. The hardness of the tested dental material using the
Knoop test (HK) was calculated using following formula:



HK = 14,23 - 103 % where:

F —load, kg,
d — the longer diagonal, um.

3. Statistical methodology

All calculations were performed with use of StatSoft
Inc. statistical software STATISTICA, version 10.0. and
Excel calculation sheet.

Quantitative variables were expressed by: mean,
standard deviation, median, minimal and maximal value
(range) and 95% CI (Confidence Interval). The qualitative
variables were expressed by numerical values.

The W Shapiro-Wilk test was used to check if the
quantitative variable came from normally distributed data.
The Levene’s (Brown-Forsythe) test was used to check the
hypothesis on equal variances.

The difference significance between two groups
(independent  variables model) was tested using
significance difference test: t-Student or U Mann-Whitney
test. The significant difference between more than two
groups was tested with F (ANOVA) or Kruskal-Wallis test
(in case of non-compliance to ANOVA test requirements).

The strength and direction of correlation between
variables was tested using correlation analysis calculating
Pearson and/or Spearman correlation coefficients. The
statistical significance level was set at p=0.05.

4. Results

Table 1.

Hardness of Herculite XRV material cured with halogen
LCU in relation to the distance from the light source and
the curing time

The distance from the light source, mm
0 2 4 6 8
10 382 363 337 285 18.0
20 414 409 391 376 337
Curing 30 49.6 417 404 38,6 36.0
time, 40 498 48.6 478 454 434
50 483 479 443 423 430
60 462 438 424 416 414
70 441 423 413 408 41.1
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The hardness of Herculite XRV material cured with
halogen LCU, increased with duration of curing. The
highest hardness of 49,8 HK was acquired with direct
curing on the surface of the sample for 40 seconds.
A longer exposure to the light caused a small decrease in
hardness. The shorter the distance from LCU the higher the
hardness of the samples (Tab. 1, Fig. 1).

60
50 H-0-HAL
% 40  — —= H-2-HAL
g 30 1~ 7 H-4-HAL
T 20 +—
= ——H-6-HAL
10
0 ———H-8-HAL
10 20 30 40 50 60 70
Curing time [s]

Fig. 1. Hardness of Herculite XRV material cured with
halogen LCU in relation to the distance from the light
source and the curing time

The highest hardness of the Herculite XRV sample
cured with LED LCU was acquired for 50 s of curing from
the distance of 0 mm. Longer curing time -caused
a decrease in hardness. The test showed a clear relation
between the distance from the light source and hardness of
the Herculite XRV dental composite. The closer the
distance of the LCU, the bigger the hardness of the cured
material (Tab. 2, Fig 2).

Table 2.

Hardness of Herculite XRV material cured with LED LCU
in relation to the distance from the light source and the
curing time

The distance from the light source, mm
0 2 4 6 8

10 494 463 432 406 32.1

20 50.1 47.6 456 441 342

Curing 30 515 477 470 456 363
time, 40 51.8 49.0 48.1 470 377
S 50 537 504 492 481 40.1
60 50.6 489 476 460 383

70 488 463 448 423 365
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Fig. 2. Hardness of Herculite XRV material cured with
LED LCU in relation to the distance from the light source
and curing time

Table 3.

Hardness of Filtek Silorane material cured with halogen
LCU in relation to the distance from the light source and
the curing time

The distance from the light source, mm
0 2 4 6 8

10 414 38.0 357 314 233

20 43.6 419 406 389 346

Curing 30 450 43.1 418 404 38.0
time, 40 499 488 48.0 462 437
S 50 S51.1 502 49.1 47.6 45.1
60 524 51,6 49.6 483 46.0

70 533 521 50.8 50.1 46.8
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Fig. 3. Hardness of Filtek Silorane material cured with
halogen LCU in relation to the distance from the light
source and the curing time

The hardness of Filtek Silorane material cured with
halogen LCU increased constantly with a longer exposure
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time. The highest hardness of the sample was acquired for
70 s of curing. An increase in the hardness of the samples
was observed for decreasing distance to the LCU. The
highest hardness of 53.5 HK was acquired for the sample
cured directly on the surface for 70 seconds (Tab. 3, Fig. 3).

Hardness of Filtek Silorane material cured with LED
LCU increased with the exposure time. The highest
hardness of 55.8 HK was achieved for a sample directly
cured on the surface for 70 seconds. The closer the distance
from the light source the higher the hardness of the cured
material (Tab. 4, Fig. 4).

Table 4.

Hardness of Filtek Silorane material cured with LED LCU
in relation to the distance from the light source and the
curing time

The distance from the light source, mm
0 2 4 6 8

10 498 47.1 446 418 37.0

20 503 484 479 452 404

Curing 30 51.6 49.7 484 470 426
time, 40 528 51.1 49.8 483 441
§ 50 53.6 524 512 497 463
60 544 535 530 515 472

70 558 546 542 523 484
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Fig. 4. Hardness of Filtek Silorane material cured with
LED LCU in relation to the distance from the light source
and the curing time

The Filtek Silorane material had higher hardness than
Herculite XRV material. The highest hardness of Filtek
Silorane samples was achieved for the LED LCU with
a 70 s exposure and direct contact with the surface of the
sample. The results of the hardest samples of Herculite
XRV and Filtek Silorane cured with two different LCUs



were compared. Higher hardness of both materials was
observed when the LED LCU was used (Fig. 5).
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Fig. 5. The highest hardness readings of Herculite XRV
and Filtek Silorane materials in relation to the LCU used,
the distance from the light source and the curing time

The mean hardness (Tab. 5) of the material based on
methacrylate matrix was 43.2 (6.1) and for silorane matrix
was 46.8 (6.0). The hardness of samples based on silorane
matrix was significantly higher when compared to the
samples based on methacrylate matrix (values of the test
statistics of U Mann-Whitney Z=-3.80, p=0.0001).

Figure 6 shows mean values and standard deviations of
Knoop hardness test results of materials based on
methacrylate and silorane matrixes.

Table 5.
The statistics of the Knoop hardness test
Herculite Filtek p value
mean (SD) 43.2(6.1) 46.8(6.0)
95%Cl1 [41.8;44.7] [45.3;48.2]
range (min-max) 18.0-53.7  23.3-55.8
median 44.0 48.3 p=0.0001
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Fig. 6. The statistics of the Knoop hardness test
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The mean hardness (Tab. 6) of the material based on
methacrylate matrix polymerized with halogen LCU was
41.1 (6.2) and based on silorane matrix 44.5 (6.7). The
mean hardness of the methacrylate-based material
polymerized with LED LCU was 45.3 (5.3) and for
silorane-based was 49.0 (4.4).

The hardness differed depending on the material and
LCU type (values of the test statistics of U Mann-Whitney
H=31.96, p=0.0001).

The hardness of the methacrylate-based materials cured
with halogen light was significantly lower than the
hardness of methacrylate-based material cured with LED
LCU (p=0.0288). It was also lower than the hardness of
silorane-based material polymerized with LED LCU
(p=0.0001).

The hardness of the silorane-based materials
polymerized with LED LCU was significantly higher than
hardness of methacrylate-based materials polymerized with
LED LCU (p=0,0285) and silorane-based material
polarized with halogen LCU (p=0.0120).

Table 6.
The statistics of the Knoop hardness test in relation to the
LCU type

Filtek
HAL LED HAL LED
mean (SD) 41.1(6.2) 45.3(5.3) 44.5(6.7) 49.0 (4.4) '0.0288

Herculite

p value

95%Cl  [39.0:43.3][43.5:47.2][42.2:46.8] [47.5:50.5] °0.000
range (min- ¢ o 408 32.1-53.7 23.3-53.3 37.0-55.8 '0.0285

max)

median  41.6"  47.0%  46.0*" 49.7** 10.0120

Figure 7 shows mean values and standard deviations of
Knoop hardness test results of materials based on
methacrylate and silorane matrixes in relation to LCU type.

mhalogen ®LED

60

W
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Filtek

Herculite

Fig. 7. The statistics of the Knoop hardness test in relation
to the LCU type
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Hardness of methacrylate-based and silorane-based
materials increased with longer exposure time. Correlation
coefficient for methacrylate-based material was R=0.26,
p=0.0318 and for silorane-based material R=0.71,
p-0.0001. Correlation with the exposure time was

significantly higher for the silorane-based material
(p=0.0005) (Tab. 7, Figs. 8,9).

Table 7.

Correlation of the Knoop hardness and time of exposure
(R — correlation coefficient)

Herculite Filtek
R p R p

0.26 0.0318 0.71 0.0001

p value

0.0005

60 -
50 -
Z 40 -

W
(e}
1

20 *
10 -

Hardness [HK

0 T T T T T T )
0 10 20 30 40 50 60 70
Curing time [s]

Fig. 8. Correlation of the Knoop hardness and time of
exposure of methacrylate-based material
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Fig. 9. Correlation of the Knoop hardness and time of
exposure of silorane-based material

The hardness of methacrylate-based and silorane-based
materials decreased with the increasing distance from the
light source. The correlation coefficient for the
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methacrylate-based material was R=-0.66, p=0.0001 and
for the silorane-based material R=-0.53, p.0.0001. There
was no statistically significant difference between the
correlation coefficients (p-0.2428) (Tab. 8, Figs. 10,11).

Table 8.
Correlation of the Knoop hardness and the distance from
the light source (R — correlation coefficient)
Herculite Filtek
R p R
-0.66 0.0001 -0.53

p value

0.0001 0.2428

Hardness [HK]

0 - . . :
0 2 4 6 8
The distance from the light source [mm]

Fig. 10. Correlation of the Knoop hardness readings and

the distance from the light source of the methacrylate-based
material
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Fig. 11. Correlation of the Knoop hardness readings and

the distance from the light source of the silorane-based
material

Hardness of methacrylate-based and silorane-based
materials increased with longer exposure time. The
correlation coefficient for the methacrylate-based material
cured with the halogen LCU was R=0.53, p=0.0010 and for



silorane-based material R=0.87, p.0.0001. The correlation
coefficient for the methacrylate-based material cured with
LED LCU was R=0.12, p=0.4888 (no statistically
significant correlation) and for the silorane-based material
R=0.68, p.0.0001 (Tab. 9, Figs. 12-15).

Table 9.

Correlation of the Knoop hardness and time of exposure

(R — correlation coefficient) in relation to the LCU type
Herculite Filtek

HAL LED HAL LED
R p R p R p R p
0.53 0.0010 0.12 0.4888 0.87 0.0001 0.68 0.0001

60
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Fig. 12. Correlation of the Knoop hardness and exposure
time of methacrylate-based material cured with halogen
LCU
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Fig. 13. Correlation of the Knoop hardness and exposure
time of methacrylate-based material cured with LED
LCU
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Fig. 14. Correlation of the Knoop hardness and exposure
time of silorane-based material cured with halogen LCU
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Fig. 15. Correlation of the Knoop hardness and exposure
time of silorane-based material cured with LED LCU

Hardness of methacrylate-based and silorane-based
materials decreased with an increase of the distance from
the light source. The correlation coefficient for the
methacrylate-based material cured with halogen LCU was
R=-0.48, p=0.0038 and for the silorane-based material
R=0.-0.43, p.0.0097. The correlation coefficient for the
methacrylate-based material cured with LED LCU was
R=-0.88, p=0.0001 and for the silorane-based material
R=-0.70, p.0.0001 (Tab. 10, Figs. 16-19).

Table 10.
Correlation of the Knoop hardness and the distance from

the light source (R — correlation coefficient) in relation to
LCU type

Herculite Filtek

HAL LED HAL LED

R p R p R p R p

-0.48 0.0038 -0.88 0.0001 -0.43 0.0097 -0.70 0.0001
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Hardness [HK]

0 - . . . .
0 2 4 6 8

The distance from the light source [mm]

Fig. 16. Correlation of the Knoop hardness and the distance
from the light source of the methacrylate-based material
cured with halogen LCU
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Fig. 17. Correlation of the Knoop hardness and the distance
from the light source of the methacrylate-based material
cured with LED LCU
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Fig. 18. Correlation of the Knoop hardness and the distance
from the light source of the silorane-based material cured
with halogen LCU
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Fig. 19. Correlation of the Knoop hardness and the distance
from the light source of the silorane-based material cured
with LED LCU

5. Discussion

Many authors use the Knoop test in their research for
the microhardness analysis of composite materials. The test
is performed by applying a static pressure by pyramidal
diamond indenter, with angles of 172° and 130° degrees
[5-8]. The Vickers test is more frequently used to evaluate
the microhardness of composite materials [9-11]. Also
Brinnel and Barcola method is used to evaluate the
hardness of composite materials [12-14]. Regardless of
a chosen test method, the results of hardness of a material
obtained are always comparable between Vickers, Knoop
and Brinnel or Barcola method. It is possible to calculate
given results of the hardness using corresponding
coefficients and in some cases, like in case of Vickers and
Brinnel tests, the readings partially concur.

Microhardness has become one of the most commonly
used methods for investigating the factors influencing the
polymerization process [15-17]. Some research works
prove a good correlation between the hardness tests and
spectroscopic methods [18-20].

Some authors emphasize a strong correlation between a
conversion degree and hardness of a composite material
[21]. Tanoue et. al. [22,23], evaluating the properties of
composite materials (hardness, polymerization shrinkage,
resistance to bending, Young’s modulus, water sorption,
solubility in water) have recognized microhardness and
solubility in water as characteristics showing the
correlation between material properties and the degree of
resin conversion. Hardness of a material depends not only
on the conversion coefficient but also the type and a
quantity of a filler. Asmussen [16] and Harris et. al. [24]
have proposed a method based on a dynamic



thermomechanical analysis (DTMA), as a non-invasive
method for evaluation of polymerization processes and
their effectiveness. Therefore, this method seems to be
appropriate for analysis of the properties of composite
materials.

Many research works are performed on various
mechanical properties and their possible changes.
Rouhollahi et.al. [25] tested the correlation between the
thickness of a polymerization layer and microhardness of
composite materials. They have shown that polymerization
of a 3 mm thick layer allows to obtain necessary properties
for a clinical use of composite materials, but the best
results of microhardness in the Vickers test were obtained
for a 2 mm layer. Voltarelli et.al. [26] and Uhla et.al. [27]
determined the correlation between a method of
polymerization of a composite material and its
microhardness. In both research projects, after accelerated
ageing of a material, the best results were obtained for
halogen LCU. The samples polymerized with a xenon
LCU, right after the curing, obtained the highest readings
in the microhardness test, but after ageing their hardness
decreased significantly. Bauer et.al. [28] showed that
polymerization of composite materials should not be
shorter than 20 seconds. Only after this time it is possible
to obtain satisfying results both in a 3-point bending test
and the Vickers hardness test. Those results were also
proven by Bhamra et.al. [29], who had shown that the
application of a required level of irradiance was necessary
for proper polymerization and an increase in the dose did
not improve mechanical properties of the material
significantly.

Previous research works have shown that longer
exposure times result in increased cure depth of a composite
resin, higher hardness and a better conversion degree
[30-32]. Our own results show that hardness of the
Herculite XRV dental composite material increased
proportionally with time of exposure, regardless of the
LCU type used. In case of halogen LCU, the highest
hardness was obtained for 40 s of exposure time and for
LED LCU the highest hardness was obtained for 50 s
exposure time. The hardness of Filtek Silorane dental
composite increased with the exposure time in the whole
range from 10 s to 70 s. Comparing both materials, higher
hardness was obtained for Filtek Silorane dental composite
material polymerized with LED LCU. It may result from
the content of oxirane groups in the Filtek Silorane
composite material which increases the hardness of the
cured composite material.

The analysis of the results shows significant correlation
between the distance from the light source and obtained
hardness of the dental composite material — samples which
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were cured directly on the surface had higher hardness.
An increased distance from the LCU, both for halogen and
LED LCU, results in a decrease of hardness of the
polymerized dental composites. The lowest hardness is
observed for the Herculite XRV dental material
polymerized from the distance of 8 mm.

Our results have shown that hardness of the tested
composite materials is between 18 and 55.8 HK and have
proved the conclusions of some previous research [33-36].

6. Conclusions

1. Hardness of Herculite XRV dental composite material
increased with the exposure time, regardless of the LCU
type (halogen or LED). In case of halogen LCU
maximal hardness was achieved after 40 s of exposure,
while for LED LCU it was observed after 50 s of
exposure.

2. The longer the distance from the light source, both for
halogen and LED LCU, the lower the hardness of
Herculite XRV dental composite material. A significant
decrease in hardness was observed for the distance of
8 mm from the light source.

3. Hardness of the Filtek Silorane dental composite
material increased with exposure time ranging from
10 s to 70 s. The highest values of hardness were
observed when the composite material was light-cured
directly on the sample surface.

4. The application of LED LCU allows to obtain higher
hardness readings both for Herculite XRV and Filtek
Silorane composite materials when compared to
halogen LCU.

5. Filtek Silorane composite material achieves higher
hardness readings, regardless of the LCU type used.

References

[1T W. Weinmann, C. Thalacher, R. Guggenberger,
Siloranes in dental composites, Dental Materials 21
(2005) 68-78.

[2] R.L. Bowen, Dental filling material comprising vinyl-
silane treated fused silica and a binder consisting of
the reaction product of bisphenol and glycidyl
methacrylate, US Patent 3,066,112;1962.

[3] C.O. Navarra, M. Cadenaro, S.R. Armstrong, J. Jessop,
F. Antoniolli, V. Sergo, R. Di Lenarda, L. Breschi,
Degree of conversion of Filtek Silorane adhesive
system and Clearfil SE Bond within the hybrid and

Archives of Materials Science and Engineering



The effect of the curing time and the distance from the light source on hardness of Methacrylate and Silorane ...

adhesive layer: an in situ Raman analysis, Dental
Materials 25 (2009) 1178-1185.

[4] R. Guiraldo, S. Consani, R.L. Consani, S.B. Berger,
W.B. Mendes, M.A. Sinhoreti, L. Correr-Sobrinho,
Comparison of Silorane and Methacrylate-based
composite resins on the curing light transmission,
Brazilian Dental Journal 21/6 (2010) 518-542.

[5] F.H.B. Aguiar, A. Braceiro, D.A.N.L. Lima, G.M.B.
Ambrosano, J.R. Lovadino, Effect of light curing
modes and light curing time on the micro hardness of
a hybrid composite resin, Journal of Contemporary
Dental Practice 8/6 (2007) 1-8.

[6] N. Tanoue, M. Atsuta, H. Matsumura, Properties of a
new photo-activated composite polymerized with
three different laboratory photo-curing units, Journal
of Oral Rehabilitation 30 (2003) 832-836.

[7] A.L.F. Silva, G.D.S. Pereira, C.T.S. Dias, L.A.M.S.
Paulillo, Effect of the composite photoactivation mode
on microtensile bond strength and Knoop
microhardness, Dental Materials 22 (2006) 203-210.

[8] N. Tanoue, M. Murakami, H. Koizumi, M. Atsuta, H.
Matsumura, Depth of cure and hardness of an indirect
composite polymerized with three laboratory curing
units, Journal of Oral Science 49/1 (2007) 25-29.

[91] W.D. Cook, Factors Affecting the Depth of Cure of
UV-polymerized Composites, Journal of Dental
Research 59/5 (1980) 800-808.

[10] F.H.B. Aguiar, C.R. Lazzari, D.A.N.L. Lima, G.M.B.
Ambrosano, J.R. Lovadino, Effect of light curing tip
distance and resin shade on microhardness of a hybrid
resin composite, Brazilian Oral Research 19/4 (2005)
302-306.

[11] A.C.L. Faria, U.M. Benassi, R.C.S. Rodrigues, R.F.
Ribeiro, M.G.C. de Mattos, Analysis of the
relationship between the surface hardness and wear
resistance of indirect composite used as veneer
materials. Brazilian Dental Journal 18/1 (2007) 60-64.

[12] P.F. Abate, V.N. Zahra, R.L. Macchi, Effect of
photopolymerization variables on composite hardness,
Journal of Prosthetic Dentistry 86/6 (2001) 632-635.

[13] P.F. Abate, M.A. Polack, R.L. Macchi, Barcoll
hardness of resin-modified glass ionomers and
compomers, Quintessence International 28/5 (1997)
345-348.

[14] R. Tirtha, P.L. Fan, J.B. Dennison, J.M. Powers,
In vitro Depth of Cure of Photo-activated Composites,
Journal of Dental Research 61/10 (1982) 1184-1187.

[15] A.C. Shortall, H.J. Wilson, E. Harrington, Depth of
cure of radiationactivated composite restoratives —
Influence of shade and opacity, Journal of Oral
Rehabilitation 22 (1995) 337-342.

Volume 70 Issue 1 November 2014

[16] E. Asmussen, Restorative resins: hardness and
strength vs. quantity of remaining double bonds,
Scandinavian Journal of Dental Research 90 (1982)
484-489.

[17] J.L. Ferracane, Correlation between hardness and
degree of conversion during the setting reaction of
unfilled dental restorative resins, Dental Materials 1
(1985) 11-14.

[18] J.L. Ferracane, E.H. Greener, The effect of resin
formulation on the degree of conversion and
mechanical properties of dental restorative resins,
Journal of Biomedical Materials Research 20 (1986)
121-131.

[19] A.U. Yap, Effectiveness of polymerization in
composite restoratives claiming bulk placement:
impact of cavity depth and exposure time, Operative
Dentistry 25 (2000) 113-120.

[20] J.P. DeWald, J.L. Ferracane, A comparison of four
modes of evaluating depth of cure of light-activated
composites, Journal of Dental Research 66 (1987)
727-730.

[21] A.D. Neves, J.A. Discacciati, R.L. Oréfice, W.C.
Jansen, Correlation between degree of conversion,
microhardness and inorganic content in composites,
Brazilian Oral Research 16/4 (2002) 349-354.

[22] N. Tanoue, H. Matsumura, M. Atsuta, Effectiveness of
polymerization of a prosthetic composite using three
polymerization systems, Journal of Prosthetic
Dentistry 82/3 (1999) 336-340.

[23] N. Tanoue, H. Matsumura, M. Atsuta, Properties of
four composite veneering materials polymerized with
different laboratory photo-curing units, Journal of Oral
Rehabilitation 25 (1998) 358-364.

[24]J.S. Harris, P.H. Jacobsen, D.M. O’Doherty, The
effect of curing light intensity and test temperature on
the dynamic mechanical properties of two polymer
composites, Journal of Oral Rehabilitation 26 (1999)
635-639.

[25] M.R. Rouhollahi, M. Mohammadibasir, Sh. Talim,
Comparative Depth of Cure Among Two Light-Cured
Core Build-Up Composites By Surface Vickers
Hardness, Journal of Dentistry 9/3 (2012) 255-261.

[26] M. Preiskorn-Rynkiewicz, L. Wagner, Measures of
light spectrum emitted by chosen polymerization
lamps — experimental study, E-dentico 1/9 (2006) 94-
96 (in Polish).

[27] G. Westerman, J. Hicks, C. Flaitz, Argon laser curing
of fluoride-releasing pit ant fissure sealant: in vitro
caries development, ASDC Journal of Dentistry for
Children 67/6 (2000) 385-390.



[28] D.E. Ruddell, M.M. Maloney, J.Y. Thompson, Effect
of novel filler particles on the mechanical and wear
properties of dental composites, Dental Materials 18
(2002) 72-80.

[29] W. Bojar, A. Karczewicz, W. Kobytecki, Materials for
direct cavities filling in molar teeth. Comparison of
strength properties, Journal of Stomatology 51/2
(1998) 93-98 (in Polish).

[30] RN. Tango, M.A. Sinhoreti, A.B. Correr,
L.F. Schneider, E.T. Kimpara, L. Correr-Sobrinho,
Knoop hardness of dental resin cements: Effect of
veneering material and light curing methods, Polymer
Test 26 (2007) 268-273.

[31] C.A. Arrais, M. Giannini, F.A. Rueggeberg,
D.H. Pashley, Microtensile bond strength of dual-
polymerizing cementing systems to dentin using
different polymerizing modes, Journal of Prosthetic
Dentistry 97 (2007) 99-106.

[32] I.A. Filipov, S.B. Vladimirov, Residual monomer in a
composite resin after light-curing with different

sources, light intensities and spectra of radiation,
Brazilian Dental Journal 17/1 (2006) 34-38.

[33] J. Kara$, L. Ciotek, Influence of fillers on chosen
physical properties of dental composite materials,
Engineering of Biomaterials 42-45 (2006) 54-55
(in Polish).

[34] M. Lewandowska, M. Andrzejczuk, K. Sikorski,
K. Kurzydtowski, Properties of ceramical-polimer
composites  designed for permanent filling,
Engineering of Biomaterials 38-43 (2004) 74-76
(in Polish).

[35] S. Rymkiewicz, B. Swieczko-Zurek, Development of
composite materials designed for permanent filling as
alternative to dental amalgams, Engineering of
Biomaterials 47-53 (2005) 181-183 (in Polish).

[36] J. Siejka-Kulczyk, M. Lewandowska, K. Kurzydtowski,
Reasearch on degradation of ceramical-polimer
composites used in dentistry, Engineering of
Biomaterials 47-53 (2005)184-186 (in Polish).

READING DIRECT: www.archivesmse.org



