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Abstract Statement of Problem: Wear of complete den-
ture teeth results in compromise in denture esthetics and
functions. To counteract this problem, artificial teeth with
increased wear resistance had been introduced in the
market such as nanocomposite teeth. Purpose: The purpose
of this study was to compare the amount of wear between
nanocomposite teeth and acrylic teeth. Materials and
methods: Fifteen specimens were chosen from each group
namely the nanocomposite teeth (SR_-PHONARES) and
the acrylic teeth (ACRY PLUS). Maxillary premolar was
only chosen for testing and the samples were customized
according to the specifications of the pin on disc machine.
Pin on disc machine is a two body tribometer which
quantifies the amount of wear under a specific load and
time. Test samples were mounted on to the receptacle of
the pin on disc machine and tested under a load of 0.3 kg
for 1,000 cycles of rotation against a 600 grit emery paper.
The amount of wear is displayed from the digital reading
obtained from the pin on disc machine. Results: After
statistical analysis, it was found that, the amount of wear is
more in four layered acrylic teeth. The p value obtained is
0.002 (<0.005) thus implies that the difference in wear
between nanocomposite teeth and acrylic teeth is statisti-
cally significant. Conclusion: Though the nanocomposite
teeth has less amount of wear than the four layered acrylic
teeth, the difference is very less and adds only to a little
clinical significance but the cost of the nanocomposite is

Electronic supplementary material The online version of this
article (doi:10.1007/s13191-014-0381-z) contains supplementary
material, which is available to authorized users.

R. llangkumaran - J. Srinivasan (D<) - K. Baburajan - N. Balaji
Department of Prosthodontics, Indira Gandhi Institute of Dental
Sciences, Pondicherry, India

e-mail: srini_rajee @yahoo.co.in

@ Springer

four times that of the acrylic teeth. Further clinical studies
must be performed to confirm our results.

Keywords Wear - Nanocomposite teeth - Four layered
acrylic teeth or In-vitro study

Introduction

The prosthetic teeth restore the form, function and esthetics
of a completely edentulous patient thereby enhance the
quality of mastication, speech and provide psychological
comfort for them [1]. Denture teeth wear is a complex
process which occurs due to multiple factors namely:
chewing habits, diet, parafunctional habits, anatomy of the
supporting residual ridges and material of the prosthetic
teeth [1, 2]. Among the above factors enlisted, the operator
can control the wear by selecting the prosthetic teeth which
has less wear. Prosthetic teeth with less wear increases the
longevity of the denture as stated by Reis et al. [3]. Early
literature on artificial teeth stated that stone, wood, ivory
and even human teeth were used for teeth replacements [1].
Modern Prosthodontics commonly utilizes acrylic, porce-
lain, and composite teeth for denture fabrication [4-6].
Acrylic teeth are usually made of Polymethyl methacrylate
resin (PMMA) which is highly elastic, and have good
chemical bond with the denture base. To improve the
esthetic qualities of the denture teeth, chromatic layers are
incorporated. They have been named based on the number
of chromatic layers as, single layered; double layered, tri-
ple and four layered acrylic teeth. To improve the
mechanical properties of PMMA resin teeth, cross linking
agent was incorporated in the chemical structure and
henceforth it was marketed as cross linked acrylic teeth [7].
Highly cross linked teeth were of two types one with
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double cross linked (DCL) and another one with inter-
penetrating network (IPN) [8]. The other material that has
emerged over the years for manufacturing prosthetic teeth
is composite resin. Mixing Bis-GMA with diluting mono-
mers and adding glass or silica powder initiated the era of
composites. Initially introduced composite teeth are mi-
crofilled composites which did not meet the esthetic
requirements of prosthetic teeth because of poor polish-
ability, but nanocomposite teeth which was refined by
controlling the size of the filler particles was highly po-
lishable thus improving the esthetics [9]. Composite den-
ture teeth gained its fame over few decades and stated to
have superior wear resistance. With the advancement in the
field of nanotechnology, researchers developed the siali-
nized silicon inorganic nanofillers of less than 50 nm, for
the composite matrix of Urethane dimethyl methaacrylate
(UDMA) and PMMA which thereby led to the introduction
of nanocomposite teeth without much compromise in the
mechanical properties and superior esthetics [9, 10].

Among the mechanical properties of the prosthetic teeth,
the most discussed entity is the wear resistance, as it is
directly related to its applications in prosthetic dentistry
[11]. The effect of excessive artificial tooth wear includes
loss of vertical dimension leading to decrease in mastica-
tory efficiency, improper occlusal relationship which may
end up in increased horizontal stresses and result in com-
promise of esthetics and function [12].

Various studies had been done comparing the property
of wear resistance of artificial teeth. Ghazal and Kern
evaluated the wear resistance of four artificial denture teeth
namely feldspathic ceramic, nano-filled composite resin,
experimental acrylic resin with UDMA/PMMA, and IPN
acrylic resin (AR) teeth [13]. In this study, composite teeth
exhibited less wear than that of acrylic teeth. Composite
teeth with nanofillers were stated to have more amount of
wear compared to composite teeth with traditional mi-
crofillers in the same experiment.

Four layered acrylic teeth were new to the market and
literature does not exist on the direct comparison of the
same with nanocomposite teeth. To find the strategic dif-
ference between the properties of both the prosthetic den-
ture teeth, an in vitro study was planned. Research question
for our study was “Do nanofilled composite denture teeth
has less wear than that of four layered acrylic teeth?”. The
objective of our study was to compare the amount of wear
of four layered acrylic teeth and newly introduced nano-
filled composite teeth. It was hypothesized that the wear of
nanocomposite teeth is less than acrylic teeth. The
parameter intended to check was the amount of wear in
micrometers and both the groups were tested under same
laboratory conditions. Though studies exist in relation to
test of hardness and two body wear of acrylic and com-
posite resin teeth, the comparison of wear resistance

Fig. 1 Nanocomposite and acrylic teeth

between four layered acrylic and nanocomposite teeth have
not yet been reported in the literature. Null hypothesis set
for the in vitro study was that the nanocomposite teeth have
no difference in wear when compared with four layered
acrylic teeth.

Materials and Methods

Two brands of prosthetic teeth were compared in this
study, one is a four layered acrylic teeth ACRY PLUS
(Ruthinium Group, Italy); another is a nanocomposite teeth
called SR Phonares (Ivoclar Vivadent) (Fig. 1). The teeth
were assigned into two groups: The nanocomposite teeth as
group A and the ACRY PLUS teeth as group B. Sample
size was determined based on the previous studies using
statistical formulae and determined as 15 samples per
group and the power of the study was set as 80 with 95 %
confidence interval [3]. The statistical p-value was set less
than 0.05 apriori. Maxillary premolars were only chosen in
each group (n = 15) for two reasons: (1) standardization of
the samples for comparison (2) the complete denture
patients have more preference for chewing in the premolar
region [14]. Pin on disc tribometer which simulates two
body wear was chosen for the study [15, 16].

Die Making

The sample to be tested with the pin on disc tribometer
must have a prescribed dimension recommended by the
manufacturer for that machine. Pin on disc machine has a
receptacle into which the sample can be mounted and
tightened by screw. A model of the metal analog which fits
into the pin on disc receptacle was obtained and duplicated
with acrylic. Putty impression of a metal analog which is
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Fig. 2 Sample preparation

cylindrical in shape with the dimensions of 16 mm height
and 10 mm in diameter was made. Cold cure acrylic resin
was packed in the mold space and acrylic cylinder were
formed. The ridge lap area of the teeth was trimmed with
Tungsten Carbide bur (Edenta no: 5610.045HP) and the
thicknesses of the teeth were brought down to 4 mm with a
heavy duty lab micromotor (Mighty, Confident). Care was
taken to preserve the occlusal morphology as the aim of our
study was to test the occlusal wear and excessive trimming
was avoided. Occlusal surface of the test specimens were
not modified in our experiment as it is important layer to
have contact with the masticating units. Thickness was
measured with Evan’s gauge (GDC, Germany). The acrylic
teeth were bonded to the acrylic cylinder with cyanoacry-
late. The entire setup after bonding measured 20 mm in
height and 10 mm in diameter (Fig. 2). The same process
was followed for fabricating all the 30 samples. Samples
were labeled according to their groups (Eg: Acry plus tooth
as AP-01; Phonares as PH-01).

Loading of the Specimens

One by one, samples were mounted on the metal receptacle
present in the pin on disc tribometer [17]. All the samples
were tested under standard conditions in which 600 grit
sandpaper was used as antagonist material on the disc of
the apparatus (Fig. 3). Our study compared the wear under
similar laboratory parameters against 600 grit sand paper as
antagonist based on previous research studies [18]. The
sample was positioned on the machine in such a way that
both the cusps of the premolars were in point contact with
the sand paper. Load of 300 g was given for the apparatus
and the teeth were subjected to a revolution of 1,000 cycles
which ran approximately for 1.2 min [19, 20]. The amount
of wear in micrometers was obtained from the digital
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Fig. 4 Reading acquired from digital reading

reading of the pin on disc machine (Fig. 4). The type of
wear was of abrasive type without any chipping or dis-
coloration of the samples. None of the samples failed;
Wear of both the buccal and lingual cusps occurred evenly.
The stereomicroscope image (Dee winter, Italy) of a
nanocomposite teeth and acrylic teeth were examined at 3X
magnification (Figs. 5, 6).
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The readings for both the groups were tabulated in
Table 1 and statistical tests are performed for the data
obtained by using the statistical software STATISTICS
ver5.0. The normality of the data was checked by
Kolmogrov Smirov test; Means and Standard deviations of
amount of wear in each group were calculated. Data was
analyzed using independent group unpaired r-test at
p < 0.05.

Fig. 5 Photomicrograph of nanocomposite teeth after wear

Fig. 6 Photomicrograph of cross linked four layered acrylic teeth
after wear

Table 1 Group statistics

Results

The results obtained after 1,000 wear cycles of all materials
are presented in Table 2. Mean value of wear occurred
were 627.80 and 507.07 um for ACRY PLUS and
PHONARES respectively with a mean difference of
120.73 pm. The p value obtained is 0.002 (<0.005) thus
implies that the difference in wear between nanocomposite
teeth and acrylic teeth is statistically significant.

Discussion

This in vitro study compared the amount of wear which
occurred under same laboratory conditions between nano-
composite and four layered acrylic teeth. The results of our
study revealed the fact that nanocomposite teeth have less
wear than the four layered acrylic teeth as hypothesized
before and the null hypothesis was rejected. This implies
that the wear resistance is better for the nanocomposite
teeth. The difference in resin chemistry and variation in the
density of the pyrogenic inorganic silica filler particles
between both the groups may be responsible for a signifi-
cantly different wear behavior. The decreased wear of
nanocomposite teeth may be due to the presence of nanof-
illers which is incorporated in them [21]. Various in vitro
studies have been performed previously to compare the wear
characteristics. Ghazal et al. [22], evaluated the wear in
three types of denture teeth: feldspathic ceramic, nano-filled
composite resin (NCR), and experimental AR teeth. They
stated that NCR teeth seemed to be more suitable for com-
plete dentures and partial dentures because of their good
wear resistance. On the other side, acrylic teeth used in
prosthetic dentistry can be categorized into non cross linked,

Table 2 Independent group unpaired #-test results comparing Mean
scores

Group Mean  Mean difference t-value df p Value

ACRY PLUS 627.80
507.07

120.73 3.487 28 0.002

Phonares

p < 0.05: means that the result is statistically significant

Group N Min Max Mean SD Standard error 95 % CI

Lower Upper
ACRY PLUS 15 475 766 627.80 87.07 22.5 579.58 676.02
Phonares 15 395 767 507.07 101.98 26.35 450.59 563.54
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cross linked, highly cross linked with DCL teeth and highly
cross linked with interpenetrating network (IPN). The later
types were introduced to solve the issue of increased wear of
the acrylic teeth. Reis et al. [23] compared the wear of three
different PMMA teeth. The results confirmed the fact that
high strength PMMA teeth have good wear resistance. The
mechanical and physical properties of PMMA teeth will be
increased by cross-linking and IPN- Interpenetrating net-
work. As the teeth used in our study was highly cross linked,
minimal difference (120.73 micrometers) in wear was
present between both the groups. Loyaga—Rendon et al. [24]
compared the compositional characteristics of hardness of
acrylic and composite teeth and stated that prosthetic teeth
had good wear resistance, when the filler content were
increased in the peripheral layers of the artificial teeth. Our
study tested the peripheral layer of the occlusal surface of
the samples without morphological modification, to quan-
tify the occlusal wear which was an added advantage.
Ghazal and Kern performed an invitro study to evaluate the
wear resistance of artificial denture teeth and their human
enamel antagonists in a dual-axis chewing simulator, in
which four artificial teeth were compared namely: feld-
spathic ceramic, nanofilled composite resin, experimental
acrylic resin with UDMA/PMMA, and IPN acrylic resin
teeth. Results of this study showed that the nanofilled
composite teeth had comparatively more wear resistance
among the four groups, when human enamel is used as
antagonist material [25]. Ghazal and Kern performed
another study where direct comparison of the wear resis-
tance of the nanofilled composite teeth with human enamel
was done which reflected the fact that enamel showed less
wear among the two [26]. In our study, the difference in the
amount of wear between the two groups was 120.73 pm
which is statistically significant but not clinically signifi-
cant. When comparing the cost difference between the two
groups tested in our study, the nanocomposite teeth is four
times costlier than acrylic teeth for such a small difference in
wear; only a randomized control trial comparing the nano-
composite and four layered teeth in real life clinical scenario
could further confirm our findings. Moreover studies can be
performed comparing the hardness of the highly cross linked
acrylic teeth and the nanocomposite teeth; those results can
be correlated with the amount of the wear produced. The
limitation of our study is that the test specimens itself can be
used as antagonist and wear would have been simulated
under saliva like medium to obtain accurate simulation of
wear in both the materials with high end wear simulators.

Conclusion

In this in vitro study, the occlusal surface of the teeth were
not modified so as to evaluate the amount of occlusal wear.
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Nanofilled composite teeth and four layered cross linked
acrylic teeth had been rarely compared in the literature.
This study confirmed the fact that the nanocomposite teeth
had more wear resistance than newly developed acrylic
teeth, but the difference was very minimal. Further devel-
opments in the material science must give birth to much
more wear resistant artificial teeth which could stand
equally to human enamel and thus can solve the issue of
denture wear.
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