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Abstract— Wear is a very natural and inevitable phenomenon
.considering human teeth, wear of human teeth is the concern.
Natural ageing, chemicals in food, chewing and biting action
causes wear over the whole life span of human. While
selecting the restorative material, wear resistance and
microhardness are the two basic propertites which are to be
prioritized amongst other mechanical properties of dental
restorative materials. In this study two different restorative
materials are taken under study. The influence of
incorporation of Hydroxyapatite nano particles into dental
composite has been studied here. the wear loss and
microhardness of dental composites are investigated at
different percentages of hydroxyapatite using a reciprocating
tribometer and digital microhardness tester respectively.
Frictional force, coefficient of friction is taken into account
for comparison. The results show that as percentage of
Hydroxyapatite increases, wear resistance and microhardness
also increases. From the results it can be concluded that
hydroxyapatite contributes to the ‘hardness and wear
resistance of dental composite.
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l. INTRODUCTION

Wear is damage to as surface as a result motion with respect
to another substance. Wear can also be related to loss of
material [1]. Wear is a very natural and inevitable
phenomenon .considering human teeth, wear of human teeth
is the concern. Natural ageing, chemicals in food, chewing
and biting action causes wear over the whole life span of
human.the properties which are expected from dental
restorative materials are biocompatibility, long service life,
wear resistance, compressive strength, non- toxicity etc. with
development of composite materials, all set of improvised
mechanical properties are achieved for the restorative
materials.

Because of the difficulties associated with in-vivo
methods, in-vitro studies are introduced for tooth wear
analysis, which also aids in development of new materials.
Laboratory wear testing is useful for the rapid assessment of
the wear of resin composites, in contrast with clinical studies
that may take years to generate results [2].

Bones and teeth are largely composed of
hydroxyapatite. ~Hydroxyapatite being most stable,
biocompatible, nontoxic, bioactive is gaining interest

nowadays. It mimics the properties and chemical composition
of human hard tissues. It is being largely used in bone tissue
engineering, dental surgery, fillers of reinforcing dental
composites, dental implant coatings.

Previous researches has proved that incorporation of
nano hydroxyapatite particles to improve mechanical
properties of dental composites viz; flexural strength, [3]

In dentistry, wear is typically classified into (1)
attrition, or wear at contact sites, (2) abrasion, or wear at non-
contact sites and (3) corrosion, or wear attributed to chemical
effects [4]. Attrition wear occurs at tooth to tooth (occlusal)
contact. Corrosion wear mainly realtes to material loss caused
due to effect of chemical [5].

This study aimed to assess the effect of addition of
nano hydroxyapatite paricles on wear and microhardness of
dental composites. Wear loss and different percentages of
hydroxyapatite and different load conditions are examined.
Microhardness was testes for each sample at different places
on same sample.

Il. EXPERIMENTAL DETAILS

A. Material Selection

For this study3M Z350 nano filled and Dentsply EsthetX
flowable, micro filled dental composites were used to which
nano particles of Hydroxyapatite were added.

B. Sample Preparation:

The samples were prepared for Z350 and EsthetX dental
restorative material separately, to which Hydroxyapatite nano
particles were and in percentage of 0,40,50,60. The samples
were systematically fabricated using a Teflon mould. The
samples size was 6mm*15mm (diameter * length). A
homogeneous ~mixture of composite material and
hydroxyapatite nano particles were prepared and inserted into
the cavity of mould. The surface was covered with glass
slides from both sides to obtain flat faced samples. The
samples were photo cured using UV light torch. The samples
were prepared as such that no air bubble remains in it.
Cylindrical samples were prepared as shown in the figure
below.

Fig. 2.1: Samples used for Tribological testing

C. Wear Test:

The wear test was performed on linear reciprocating
tribometer as shown in figure 2. The tests were performed
using standard ASTMG99. The dry sliding wear test was
performed at 5-10-15 N load and frequency 2 Hz. The wear
was tested against EN31. The cylindrical samples were slided
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on a fixed rectangular metal specimen. The test was
performed at room temperature.
The wear loss calculated using the equation below

Wear rate = (Am*10%)/ (p*L*F) mm3/N-m
Where, Am = total mass loss in gm

p= density of composite in g/cc

L= sliding distance in meter

F= applied load in Newton

To better simulate real wear condition of human
teeth, the choice of these parameters was used based on
clinical studies and literature. During chewing process of
human beings, the magnitude of masticatory force in oral
cavity ranges from 3 to 30N [6].
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Fig. 2.2: Linear reciprocating tribometer

D. Microhardness:

The vickers hardness test was done for each sample. The
microhardness testing was done on a digital microhardness
tester as shown in the figure 3(a). For the measurement of
vickres hardness number, 500gm load was applied for 20sec.
diamond indentor was used and the indentations were
obtained on each sample. One of the indentation microscopic
images is shown in figure 3(b). The tests were performed
using standard ASTM E3

(b)
Figure 2.3: (a) Digital microhardness tester (b) Microscopic
image of indentation obtained

I11. RESULT AND DISCUSSION

A. For Wear Test:

The specimens were cleaned before and after the wear test
and were weighed using a Digital balance having least count
of 0.0001gm [6]. It was observed that Coefficient of friction
decreases as Load increases [7], which are shown in table 1.
As we increased the percentage of hydroxyapatite from 0-40-
50-60, the wear rate decreased. This trend was followed by
both the Dental Composites.
SR.No. | coefficient of friction (p)
5N 10N 15N
Z350 0.13 0.11 0.09
EsthetX | 0.16 0.1 0.09
Table 3.1: Variation of coefficient of friction with load.

Sr. no. | % of Hydroxyapatite | wear rate (mm3/N-m)
Z350 EsthetX
1 0 1.29 1.835
2 40 0.89 1.62
3 50 0.612 1.48
4 60 0.602 0.846

Table 3.2: Comparison of wear rate of two dental composite
materials at 15N load.
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Fig. 3.1: Wear rate at different percentages of
hydroxyapatite.
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B. For Microhardness Test:

The Vickers hardness number was observed to be minimum
for 0% hydroxyapatite and which further increased as we go
on adding percentage of hydroxyapatite in dental composite.
For Esthet X it was 44.43Hv minimum with 0%
hydroxyaptite and 79.2Hv for 60% hydroxyapatite. For Z350
it was 59.46Hv minimum with 0% hydroxyaptite and 102 Hv
for 60% hydroxyapatite. The Vickers hardness number for
each sample is shown in table3.

Sr no. | % of Hydroxyapatite | Vickers hardness(Hv)
EsthetX Z350
1 0 44.43 59.46
2 40 52.5 63.34
3 50 67.6 73
4 60 79.2 102

Table 3.3: Comparison of Vickers hardness of two dental
composite materials
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Fig. 3.2: Microhardness value at different percentages of
hydroxyapatite

IV. CONCLUSION

Analysis of wear test and microhardness test suggest that
under different experimental conditions sound results can be
obtained which may represent similarity with actual clinical
conditions. Following conclusions can be drawn from this
study:

1) The graph and results obtained shows that the Hardness
value of dental composite increases as of Hydroxyapatite
increases.

2) Hardness of Z350 is more as compared to Esthet X dental
composite.

3) When samples are compared in terms of wear loss, it is
observed that the wear rate decreases as the percentage
of hydroxyapatite increases.

4) Wear rate of EsthetX is more as compared to Z350 dental
composite.

5) Since hardness value of Z350 is more than that of
EsthetX, the wear resistance of Z350 is also more than
EsthetX dental composite.
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