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Abstract Aim: To investigate wear and microhardness of different dental composite materials and to examine their
relevance. Materials and Methods: Seven different composite materials (three micro-hybrid: Filtek Silorane, Filtek Z250,
Clearfil APX; two nano-filled: Filtek Supreme XT, Majesty Posterior; a nano-hybrid: Grandio; a nano-ceramic: Ceram X duo)
were used. Cylindrical specimens from each material were prepared (n=5). Microhardness of the specimens was measured
using a Vickers hardness tester. Wear tests were performed on a conventional pin-on-disk tribometer. Wear was measured
with a surface perthometer. The samples have been studied by using a scanning electron microscopy. Data were analyzed
statistically. Results: There were significant differences between groups in terms of wear performance and microhardness
values. Conclusion: Composites' hardness values did not reflect improved wear performance.
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1. Introduction

Since composite materials have been used instead of
amalgam it has become a matter of concern for
manu-facturers to achieve ideal composite properties. There
are many restorative composite brands available, and these
vary according to their area of use on the tooth and dental
arch (anterior, posterior, cervical, etc.). Modern composites
have excellent mechanical properties and are suitable for all
restorations, even on the posterior of the dental arch [1], but
they are still not perfect materials [2]. While development of
composite materials is proceeding, insufficient material
properties can reduce their longevity [3]. Wear and hardness
are important factors in materials used in dentistry.

Dental materials must be durable to have long-term
functions. Masticatory forces may alter the anatomic form of
restorations with inadequate wear resistance. Wear
performance of restorations is crucial, as occlusion has to be
continuous. This property directly affects the restoration life
[4]. The wear mechanism is affected by different filler loads
and resin matrix [5, 6]. Generally, wear is closely associated
with the mechanical properties of materials, such as hardness
and flexural strength [7].

Clinical wear is a complex mechanism. However, wear
resistance of materials is determined using different
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techniques in vitro. Simulation techniques are performed
with tooth brushing machines, two-body wear machines and
three-body wear machines [8]. The working principle of
tooth brushing machines is to bring toothbrushes into contact
with specimens and for these to move along programmed
paths. Generally a pin-on-disk design is used for two-body
wear. Abrasive material contacts with specimens under load
and circular or linear reciprocating movements are
performed [9]. In three-body wear, an abrasive slurry acts as
a substitute for food and causes wear between opposing
surfaces [9, 10]. All these tech-niques accurately correspond
to clinical wear but are used to estimate material properties.

The purpose of this study was to evaluate wear
characteristics and microhardness of different composite
resins and to investigate any correlation between these
properties.

2. Methods

The tested materials were 7 different commercially
available composite restorative resins (Grandio, Clearfil
Majesty Posterior, Filtek Supreme XT, Clearfil APX, Filtek
Z 250, Filtek Silorane and Ceram X duo) (Table 1).

Thirty-five samples (5 per material) were fabricated.
Composite resins were placed into round metal molds (inner
diameter 10 mm, thickness 2 mm). The top and bottom
surfaces of the molds were covered with glass (1 mm thick)
to provide flat surfaces, and all composite resin samples were
light cured 20 s for each surface (40 s totally) with a LED
curing light (Celalux, Voco, Cuxhaven, Germany). The
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extended material over the molds was removed with flexible
aluminum oxide discs (Sof-Lex; 3M ESPE). To eliminate
failures in wear and hardness tests, one surface of each
specimen was prepared in parallel with the other, and all
were smoothed in a polishing machine using 400- 600- and
1200-grit sandpapers. Finally, specimens were immersed in
37°C distilled water for 24 h.

After storage, microhardness measurements were
performed on a random surface of each specimen using a
Vickers hardness testing machine with 10-s loading time
under a 10-g load. Three indentations were made per
specimen, and mean values were calculated for each
material.

According to ASTM G-99 standards wear tests were
conducted, on the surfaces not used for hardness
measurement, using a conventional pin-on-disk tribometer in
the Department of Mechanical Engineering, Faculty of
Engineering, Ataturk University, Erzurum, Turkey. Each
specimen was in contact with an antagonist Al,Oz ball
(diameter; 6 mm) placed in artificial saliva (pH=7) at 37°C
and wound under 10-N load to achieve circular movements.
To simulate oral conditions as cuspal slides, the speed of
circular movement was set at 2 mmy/s. The total distance was
20 m. The wear tracks developing on the surfaces of the
disk-shaped specimens were measured using a perthometer
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calculated as mm*® on computer-based software. Worn
composite surfaces were examined by using a scanning
electron micrograph (JSM-5200, JEOL, Tokyo, Japan) with
250x magnification. Before taking micrographs, the samples
were coated with a thin layer of gold by sputtering.

Vickers hardness and wear data were analyzed using
one-way ANOVA and Duncan’s multi-comparison test at a
significance level of 0.05. Possible correlations between
surface hardness and wear resistance were investigated using
Pearson correlation analysis.

3. Results

Vickers hardness values for Clearfil Majesty Posterior and
Clearfil APX were significantly higher than those for the
other groups (p<0.05). All mean hardness values are listed in
Table 2. The highest mean hardness value was obtained from
Clearfil APX (182 hV [hardness Vickers]) and the lowest
from Filtek Z 250 (110,4 hV).

Wear values for Clearfil APX were significantly higher,
and those for Supreme XT significantly lower, than in the
other groups (p<0.05). Clearfil APX exhibited the highest
mean wear value and Supreme XT the lowest. Wear values
of composite resins are listed in Table 2. Scanning electron
micrographs were shown in Figure 1 (SEM of composite

(M1, Mahr, GMBH Germany). Substance loss was resins).
Table 1. Composition of test composites (provided by manufacturers)
Content
Product Manufacturer Type - - - - - -
Organic Matrix Fillers Particle Size Filler Load Batch no
. 3M ESPE . .
SFI:)I::';e 3M Co., St. Paul, | Micro-hybrid Siloranes Q“agz(’)zg;‘“m mic?:geter Welggﬁ/(‘”t)’ N113767
' MN, USA : °
18- *
Filtek 3M ESPE Bis-GM4, iy
UDMA,** Silica, 5-20
Supreme 3M Co., St. Paul, Nano-filled . N wt, 72.5% N346332
XT USA TEGDMA *** zirconia/silica nanometers
Bis-EMA *#**
. 3M ESPE .
Filtek | 3\ Co., St Paul, | Micro-hybrid | BiSOMA UDMA, i niasilica 0.01-3.5 wt, 82%; 9JA
7250 Bis-EMA micrometer
USA
KURARAY Bis-GMA, Sllanat.ed glass
. TEGDMA, ceramic filler,
Majesty MEDICAL Nano- .
. hydrophobic surface treated 1.5 pm, 20 nm wt, 92%; 00016D
Posterior Kuraray, Tokyo, superfilled . .
Japan aromatic alumina
dimethacrylate microfiller
KURARAY barium glass
Clearfil MEDICAL . . Bis-GMA, - iy 0.02-17 o
APX Kuraray, Tokyo, Micro-hybrid TEGDMA sﬂlca;i;ocgmdal micrometer wt, %86 01019A
Japan
VOCO
. Voco GmbH, . Bis-GMA, spherical silicium 20-50 o
Grandio Cuxhaven, Nano-hybrid TEGDMA dioxide nanometer wt, 87%, 0924227
Germany
DENTSPLY Methacrylate Barium-aluminiu
Ceram X Dentsply, Nano-ceramic mo@lﬁed m-borOS}l}cate ‘0.02-1 wt, 76%, 0505001618
duo Konstanz, polysiloxane, glass, Silicon micrometer
Germany Dimethacrylate resin | dioxide nano filler
* Bis-GMA: bisphenol A-glycidyl methacrylate
**  UDMA: urethane dimethacrylate
*** TEGDMA: triethylene glycol dimethacrylate
**** Bis-EMA: bisphenol A-ethoxylated dimethacrylate
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Table 2. Composite wear rate, wear coefficient, and Vickers hardness values (means within columns with the same superscript were not different)

Composite Resins Mean Wear Rate Standard Mean Micro-Vickers Standard Mean Wear Standart
P (x10° mm*Nm) Deviation Hardness Values (hV) Deviation Coefficient Deviation
Grandio 0,85 0,04 13,6 1,6 0,565% 0,125

Majesty Posterior 0,79 0,03 158,6° 1,7 0,295° 0,013
Filtek Supreme XT 0,72° 0,05 111,8%® 1,8 0,410® 0,079
Clearfil APX 0,89° 0,05 182,0° 2,1 0,405 0,146
Filtek Z 250 0,76™ 0,004 110,4® 2,3 0,450 0,106
Filtek Silorane 0,84 0,06 1162 2,2 0,415% 0,106
Ceram X duo 0,76 0,03 114,8%® 1,8 0,425% 0,087
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Figure 1. Scanning electron microscope images of weared composite resins
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Pearson correlation analysis of surface hardness and wear
resistance showed no correlations between these properties.

4. Discussion

This in vitro study investigated wear and hardness
properties of different composite restorative resins. A
pin-on-disk tribometer was used to perform wear tests. The
contact load was 10 N, within the limits described by
Lambrechts et al. [8] The antagonist diameter was 6 mm,
which replicates that of the molar cusp [11].

The wear distance was 20 m, which was 16.6% of that
used by Hahnel et al. (120,000 cycles, 1 mm lateral
movement); 8.3% of a 120,000 wear cycle has been
demonstrated to be adequate to show a material’s wear
performance [12].

Hardness plays an important role in characterizing and
comparing dental restorative materials [13, 14]. This
property is affected by material content. Particle type, level
and size of filler and type of resin matrix are all associated
with hardness [15, 16]. Degree of polymerization is also
associated with hardness [17]. In this study, Vicker’s
hardness values were calculated for all composite groups
(Table II). The results for Silorane, Supreme XT and Z250
were well-matched with findings reported by Hahnel et al.
[18] However, Topcu et al. [19] reported different results for
hardness values; in descending order, Majesty Posterior,
Clearfil APX, Z 250, Supreme XT and Ceram X. Curing
methods may generate these differences with changes in
degree of conversion having a positive correlation with
hardness [20].

The wear of dental composites is a complex combination
of wear mechanisms [21]. Clinically, two-body wear occurs
indirectly on proximal contact areas [22], and on occlusal
surfaces during swallowing, mastication and parafunctions
[21, 23]. In three-body wear, progress of the food bolus acts
as an abrasive between occlusal surfaces of opposing teeth or
restorations. Direct contact between opposing surfaces
generally means attrition in two-body wear, whereas in
three-body wear, food being forced over opposing surfaces
causes abrasion [24]. However, interactions of attrition and
abrasion take place in the wear mechanism in vivo [25]. In
vitro tests cannot identically mimic in vivo conditions, but
exhibit parallelism with prediction of materials’
performance.

The wear mechanisms of the composite materials were
initially started as adhesive wear, and progressed as abrasive
wear. Generally, abrasive particles are clear in wear tracks.
While observing Filtek Z250, there seems to be layer
separation in wear tracks as delamination (Fig.1)

Results from this study showed that Filtek Supreme XT
had the lowest wear and Clearfil APX the highest among the
groups. Kawai et al. studied different experimental resins
containing Bis-GMA, UDMA, TMPT and TEGDMA and
reported that wear rose with increasing amounts of Bis-GMA
[26]. Comparing Clearfil APX and Supreme XT in our study,
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the difference in wear loss may be the result of resin matrix
content. Unlike Clearfil APX, Supreme XT includes not only
Bis-GMA and TEGDMA, but also UDMA and Bis-EMA in
the resin matrix, so the amount of Bis-GMA may be reduced.

Hu et al. that evaluated the effect of filler loading on
two-body wear and reported dramatically increased wear
above an 80 wt% filler load [27]. In our study, Clearfil APX
had an 86 wt% filler load and the highest wear value,
whereas Filtek Supreme XT had a 72.5 wt% filler load and
the lowest wear value. However, Majesty Posterior with its
92 wt% filler load did not differ significantly in terms of
wear values from Filtek Silorane, which has a 76 wt% filler
load. One possible explanation is that different filler types
and sizes of composites affect wear resistance.

The relationship between wear and hardness has also been
studied, and different authors have reported incompatible
results. Two-body and three-body wear tests are used to
simulate in vivo conditions, and one may produce totally
different outcomes to the other. Hu et al. [28] observed
different results with same composite material under
different test conditions with two-body and three-body wear.

The wear of materials is generally considered to be related
to their mechanical properties [7]. Freidrich [29] describes a
relationship between mechanical properties and wear
resistance, with composite hardness inversely affecting wear
resistance. Compatibly, Nagarajan et al. [30] reported that
harder composites suffer higher wear than softer composites.
Tamura et al. [7] also found that the worn volume of different
composites rose in line with the increase in Vicker’s
hardness. Ramalho and Antunes, [31] however, suggested
that hardness is a function of wear resistance. Faria et al. [32]
investigated the relationship between the surface hardness
and wear resistance of indirect composites and reported that
material wear decreases as its hardness increases. In this
study, however, the correlation between hardness and wear
properties was poor. In the same way, Hahnel et al. [18]
determined no significant correlations between wear and
Vicker’s hardness in two-body wear research.

Different wear test methods may account for the
inconsistent results in the literature. Conflicting wear results
with two- and three-body wear tests were obtained by
Koottathape et al. [33] for the same composites. Mayworm et
al. [34] suggested that abrasive wear, which is a result of
three-body wear test, is inversely proportional to hardness.
However, Nagarajan et al. [30] and Hahnel et al. [ 18] studied
two-body wear of composites and determined a direct
correlation between wear and hardness.

Although the correlation was statistically poor in this
study, hardness values of composite resins appear to follow
wear volumes, with the exception of Grandio. Clearfil APX
was the hardest of all composites. It was also the most worn
material. Supreme XT and Z 250 had the lowest hardness
and wear values. These results may be attributed to detached
particles acting as abrasives, as discussed for enamel wear by
Eisenburger and Addy [35]. Particles detached from harder
composites may collaborate with antagonists to make the
wear process more effective.
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5. Conclusions

Teeth and restorations

are frequently exposed to

mechanical forces in the oral environment. Restoration wear
is an increasing problem, and extensive wear over many
years often ends in restoration renewal. There is no ideal
material currently available to satisfy patients who are
expecting restorations to last a life time.

We conclude that hardness value is not an indicator of
wear behavior for all materials. Further studies should be
performed to evaluate the correlation between wear and
hardness, comparing different wear tests and curing
methods.
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