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ABSTRACT

Dental practice today used a lot of different materials. This paper evaluates tribologi-
cal and mechanical properties of two dental materials CeramX and I-Light. Tribologi-
cal analysisad of samples was conducted at temperature 37°C and in the environment
of artificial saliva. The wear rate was evaluated with a ball-on-disc tribotester, in ac-
cordance to ASTM G-133 norm. The counterbodies were 6-mm-in-diameter AlO,
steel balls. The load of 2, 10 and 20 N was applied. The tests were conducted at 0.15
m/s sliding velocity over a sliding stroke of 1000 m. The changes in the value of the
following parameters were measured during the trials: friction coefficient, friction
force, temperature and wear depth. After completing the tribological tests the surface
of samples was carried out.
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INTRODUCTION

One of the areas of tribology dealing with the
description of friction, wear and lubrication of the
friction nodes of living organisms is biotribology.
Tribological processes in living organisms occur
in friction nodes, such as: joints, stomatgnathic
system (temporomandibular joint, periodontal
joint and dental joint), etc. [1, 2]. One of the basic
problems associated with friction nodes in living
organisms is determination of their durability and
stability. Biomaterial is any substance other than
a drug or combination of synthetic or natural sub-
stances, whose task is to supplement or replace
the tissues of an organ or its part in order to meet
their specific functions [3].
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The materials used as dental fillings should
be characterized by good adhesion to the enamel
and dentin, and resistance to impact and fatigue,
wear resistance through friction and low polym-
erization shrinkage to prevent the formation of
microcracks and bacterial leakage. In addition,
they should be characterized by high biotolerance
and aesthetic qualities (natural appearance of the
tooth) [4, 5].

Manufacturers of dental materials offer ever
new materials for fillings. The main group of
materials that rebuild hard tissue are composite
materials. They combine good performance and
aesthetic properties. The mechanical properties of
the composites depend largely on the type, par-
ticle size of the filler and its quantity. The wear of
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dental materials is one of the main disadvantages
of fillings. Wear and its character is influenced
by the amount and type of consumed food and
drinks, composition and presence of saliva, oral
hygiene and the use of additional hygiene mea-
sures, such as the type of toothpaste and tooth-
brushes, abnormalities and malocclusion. Since
1961, when Bowen introduced composite mate-
rials, they have been continuously updated and
modified [6]. The main directions of changes in-
clude the reduction of particle size in the filler and
increase of its amount, increase of the amount of
released F ions having a prophylactic effect and
increase of the aesthetic appeal [7-9].

The evaluation of tribological properties and
dental materials is carried out on tribotesters and
specially constructed devices that are designed to
replicate conditions in the mouth and friction of
tooth-tooth [10, 11].

MATERIALS AND METHODS

The objects of the study were dental compos-
ite materials CeramX mono and I-Light. CeramX
mono is a nano-hybrid material used for the re-
building of all cavity classes according to Black.
According to the manufacturer, CeramX provides
excellent functional properties and ease of mod-
eling. I-Light is a nano-hybrid composite mate-
rial used for rebuilding of all cavity classes ac-
cording to Black. According to the manufacturer,
it is characterized by exceptional durability and
aesthetic values. In addition, several advantages
of the I-Light material are homogeneity, polish-
ability and color fastness.

Tribological tests were conducted on tribo-
tester THT 1000 Anton Parr (Fig. 1a). Studies
were carried out according to ASTM G133 and
a friction of the ball-on-disc type. Samples of the
composites were made in the shape of a disc with
dimensions ¥29,5 mm % 8 mm. The material was
applied in layers (2 mm) into the matrix and then
irradiated with a halogen lamp. After completing
the polymerization process, researchers began to
polish the samples using sanding discs of differ-
ent grain, rubber bands and polishing pastes. The
applied counterspecimen materials were balls
with a diameter of 6 mm, made of AL,O,. A load
of 2 N, 10 N and 20 N was applied during tri-
bological tests. The research was conducted on a
sliding friction node at the speed of 0.15 m/s at
a radius of 3 mm. The total distance of friction

Fig. 1. Workstation for tribological tests — tribotester
THT 1000 (a) and the view of samples used
for testing (b)

was 1000 m. Due to the fact that dental compos-
ites are used as a material for dental cavities, the
tribological tests were performed at 37°C and in
the environment of artificial saliva. The volume
of artificial saliva in the container in each test was
5 ml. During tribological tests the sample surface
was covered with artificial saliva in thicknesses
of up to 2 mm. The temperature was measured via
a thermocouple at 2 mm from the surface of fric-
tion. A change of the friction coefficient, friction
force and temperature was recorded during the
test. The frequency of data collection was 10 Hz.

A comparative measure of wear, which takes
into account the load and distance of friction, was
a coefficient of wear calculated for a pair of fric-
tion, according to ASTM G133 using the follow-
ing equation (1).

Vr
Fpx1

wg = (1)
where: w, — coefficient of wear,

Vf— wear volume,

F —loading force,

| — distance of friction.

The measure of wear in the sample was loss
of volume, formed as a trace of wear resulting
from cooperation with the counterspecimen mate-
rial. For this purpose, a profile field was measured
perpendicular to the tracks of samples using the
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Surtronic 3+ profilometer on the circumference of
the sample (in 10 locations). Measurements were
made on the measurement section of 4 mm. The
wear volume was determined as the product of
the mean value of the sample and circumference
of the wheel track resulting from the ball-on-disc
test, according to the following equation (2).

Ve =AXL )
where: Vj.—wear volume,
A — average cross-sectional area of the
track,

L —length of the stroke.

Wear of the counterspecimen material was
calculated by measuring the diameters of wear
using a metallographic microscope and equations
(3) and (4).

2

v="C - n 3)

h=r-— /rz—(g)z 4)

where:  — sphere radius,
h — spherical cap height,
d — spherical cap diameter (experimen-
tally measured).

The wear surface was evaluated after the
tribological tests. The surface of samples and
counterspecimen materials were also tested be-
fore tribological tests in order to analyze the ob-
tained results. The first stage involved tests of
roughness parameters that were measured before
and after tribological tests using the Surtronic
3+ profilografometer (according to PN ISO
4288). The next stage involved microscopic ex-
aminations. Observations of the microstructure
of samples were made at various magnifications
using a metallographic microscope. The tests of
microhardness used Nanointender Picodentor
HMS500 from Fischer. The applied load amount-
ed to 300 mN.

RESULTS AND DISCUSSION

The aim of the study was to determine and
compare the basic mechanical properties and tri-
bological properties of two light-curing nano-hy-
brid composite materials named CeramX mono
and I-Light, used to rebuild hard tissues of the
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tooth. These materials are typical representatives
of this group of composites. The study showed
that the roughness of front surfaces after sanding
(before friction) was R = 0.57 um for the Ce-
ramX material and R = 0.68 um for the i-Ligt
material. The measured average microhardness of
the surface was 80.97 HV for the CeramX mate-
rial and 68.43 HV for the I-Light material. The
measured average Young’s modulus of the sam-
ples was 14.73 GPa for the CeramX material, and
14.69 GPa for the I-Light material.

The first stage of tribological studies involved
tribological tests for the I-Light and CeramX ma-
terials with a load of 2N. In this case, there were
no significant signs of wear for both samples and
counterspecimen materials with Al O, after mi-
croscopic examinations. The wear volume has
minimum values, which could not be quantified
at low loads and in the presence of lubricant in the
form of artificial saliva.

The next stage determined the wear volume
for the samples after testing at a load of 10 N
using the (2) equation. The wear volume for the
I-Light material was 0.167 mm?, and slightly
lower — 0,136 mm?® — for the CeramX material.
The next stage involved evaluation of wear vol-
ume for samples after tests at a load of 20 N. It
amounted to 0.26 mm?® for the I-Light material,
and 0.17 mm? for the CeramX material. When
analyzing the results of volumetric wear, it can
be seen that wear of the CeramX samples is low-
er at a load of 10 and 20 N. There were no signs
of wear of the counterspecimen material from
ALO,, which is characterized by higher hard-
ness. The tests showed wear of only one fric-
tion body (samples of materials). The maximum
Hertzian stress during the test at a load of 10 N

| Light

Wear volume [mm?]

Load [N]

Fig. 2. Wear volume for the I-Light and CeramX
materials
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Fig. 3. The coefficient of wear for the I-Light and
CeramX materials at loads of 10 N and 20 N

amounted to 370 MPa, and 467 MPa at a load of
20 N. Figure 2 shows the wear volume of sam-
ples for the I-Light and CeramX materials after
friction at a load of 10 and 20 N.

A few important factors taken into account
when calculating and characterizing the size of
wear is load and friction distance. The coefficient
of wear for the friction pair using the (1) equa-
tion was calculated using a comparative measure
of wear, which takes into account both the load
and the friction distance. One can compare only
the results obtained for the same loads and fric-
tion distances. The coefficient of wear for the I-
Light and CeramX materials at a load of 10 and
20 N was shown in Figure 3. When analyzing
the coefficient of wear at a load of 10 N, one can
establish a lower value for the CeramX material
1.37x10° mm*N"'m", compared to the I-Light
material 1.67x10° mm*N-'m"!. When analyzing
the coefficient of wear at a load of 20 N, one
can also establish a lower value for the CeramX

0,7

material 0.86x10° mm*N-'m!, compared to the
I-Light material 1.37x10° mm’N-'m™".

After testing at a load of 10 N, the average
coefficient of friction for the I-Light material
was 0.16 and the maximum was 0.62. The aver-
age coefficient of friction for the CeramX ma-
terial was 0.17, while the maximum was 0.66.
After testing at a load of 20 N, the average co-
efficient of friction for the I-Light material was
0.11 and the maximum was 0.51. The average
coefficient of friction for the CeramX material
was 0.09, while the maximum was 0.48. When
analyzing the obtained results, one can establish
similar values for both materials tested with a
load of 10 N and 20 N. Figure 4 shows the varia-
tion in average and maximum coefficient of fric-
tion for the I-Light and CeramX materials.

Several changes in the coefficient of friction
were recorded in the course of the tribological
tests. Figure 5a and b shows their change with
the load of 10 N and 20 N recorded on the dis-
tance of 1000 m.

The recorded values of the coefficient of
friction for the I-Light and CeramX materials
are similar at a load of 10 N (Fig. 5a) and at 20
N (Fig. 5b). The values of the coefficient of fric-
tion have a stabilized character during friction
in the presence of lubricant, which is artificial
saliva. The graphs contain a surge point in the
coefficient of friction. This occurs when the lu-
bricant layer in the form of an artificial saliva is
interrupted. The presence of artificial saliva as
lubricant is essential for the correct operation of
the friction pair.

The next stage involved tests on the sur-
face after friction. The R parameter was lower
for the CeramX material before friction and
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Fig. 4. The coefficient of friction for the I-Light and CeramX materials
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Fig. 5. The course of the coefficient of friction: at a load of: a) 10 N, b) 20 N

Fig. 6. The view of samples after friction: a) I-Light, area x40, b) CeramX, area x40,
c) I-Light, area x100, d) CeramX, area X100
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amounted to R = 0.57um, and R = 0.68 um
for the I-Light material. In order to identify
the occurring phenomena and the mechanism
of wear, the friction surfaces were subjected
to microscopic observations. Figure 6 shows a
view of the surface after friction for the [-Light
and CeramX materials. The measured width
of the friction track for both materials was 0.7
mm (Fig. 6a and b). The surface of friction
contained cracks and grooves demonstrating
micromachining (Fig. 6¢ and d).

CONCLUSION

This study includes research on the tribologi-
cal properties and the condition of surfaces of the
I-Light and CeramX light-curing dental compos-
ite materials. The following values were received:

1. Microhardness of samples amounted to 80.97
HV for the CeramX material, and 68.43 HV
for the I-Light material. The measured aver-
age Young’s modulus of samples was 14.73
GPa for the CeramX material, and 14.69 GPa
for the I-Light material.

2. There were no signs of wear for the I-Light
and CeramX materials at a load of 2N. The av-
erage wear volume for the samples at a load of
10 N amounted to 0.167 mm?® for the I-Light
material, and 0.136 mm® for the CeramX
material. The average wear volume for the I-
Light material amounted to 0.26 mm? at a load
of 20 N, and 0.17 mm’ for the CeramX mate-
rial. One can observe better wear properties of
the CeramX material compared to the I-Light
material at both loads.

3. The coefficient of friction was similar during
tests of the CeramX and I-Light materials. At
the load of 10 N, the average coefficient of
friction for the I-Light material amounted to
0.16, and 0.17 for the CeramX material. At the
load of 20 N, the average coefficient of friction
for the I-Light material amounted to 0.11, and
0.09 for the CeramX material. There were mo-
mentary abrupt changes in the coefficient of
friction which demonstrate an interruption in
lubricating layer in the form of artificial saliva.

4. When analyzing the surfaces of wear, one can
observe traces demonstrating the processes of
micromachining.

5. The results of this study can form a basis for
the development of modern dental composite
materials, which will be characterized by good
mechanical and tribological properties.
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