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ABSTRACT

Objective: The purpose of this study was to examine
the corrosive wear and the microhardness of tooth
colored composite resins.

Material and Method: The internal corrosion of den-
tal resin composites is associated with water-sorpti-
on. In this study, the internal corrosion and micro-
hardness of packable composites in 0,1 N NaOH
were determined and changes compared with those
microhybrid resins and ormocers. Internal corrosion
in water, artificial saliva and in media of low pH is
time consuming, because the degradation process in
these environments is extremely slow. In considering
this limitation of above media, an alkaline medium
has been used in this study to simulate corrosive-
wear of 7 composites. For each material namely
Solitaire, Surefil, Definite, Admira, Z-100,TPH and
Silux Plus, eight cylindirical specimens of 10 mm.
diameter and 3 mm thickness were prepared accor-
ding to manifacturers’ instructions. The procedure
consists of exposing each material to 0,1 N NaOH
at 60°C for 2 weeks. Then the mass change and the
microhardness of the materials were determined.

Results: The results indicated statistically significant
differences (p<0.05) among the tested composite
materials. The microhardness values of solitaire,
surefil and Z-100 showed a tendency to decrease in
relation with time Definite, Admira, TPH and Silux
Plus showed progressive decline in relation to time.
It was also observed that TPH showed significantly
the lowest mass lossvalue (0.33%) and solitaire sho-

wed the highest (4.63%).

Conclusion: From the results, no one material
maybe considered ideal on the basis of its physical
properties and characteristics. As a consequence,
clinicians should have an informed understanding of
the advantages and limitations of alternative materi-
al for spesific environmental circumstances.
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OzeT

Amag: Bu calismanin amaci kompozit rezinlerin mik-
rosertlik ve koroziv asinmalarini incelemektir.

Materyal ve Metot: Dental kompozitlerin korozyonu
su emilimi ile iliskilidir. Bu calismada 0,1N NaOH
ortaminda “packable” kompozitlerin mikrosertlikleri
e internal korozyonlari incelendi ve mikrohibrit rezin-
ler ve ormoserlerle karsilastirildi. Su, yapay tiikriik
ve diisik pH degerli ortamlarda olusan internal
korozyon cok yavas ilerler. Bu nedenle bu calisma-
da alkali ortam kullanilmistir. Calismada kullanilan
kompozit materyallerin (solitaire, surefil, definite,
Admira, 2-100, TPu ve Silux Plus) herbirinden 10mm
capta, 3mm kalinlikta 8 silindirik érnek hazirlandi.
Ornekler 0.1N NaOH ortaminda, 60°C de 2 hafta
bekletildi. Orneklerin kiitle degisimleri ve mikrosertlik
degerlerindeki degisimler kaydedildi.

Bulgular: Sonuclar , incelenen materyaller arasinda
istatistiksel olarak anlamh (p<0.05) farklarin bulundu-
gunu gosterdi. Solitaire, Surefil ve Z-100, zaman icin-
de azalan mikrosertlik degerleri gésterdiler. Definite,
Admina, TPH ve Silux Plus icin zaman icinde ilerle-
yerek azalan degerler kaydedildi.

TPH en az kiitle kaybini (%0.33) gésterirken, Solitaire
en fazla (%4.63) kiitle kaybina ugrayan materyal
oldu.

Sonug: Bulgulara bakildiginda, hicbir materyalin
ideal fiziksel 6zelliklere sahip olmadigi, klinisyenlerin
materyal seciminde 6zel cevresel faktérleri de dikkate
alarak materyallerin avantaj ve sinirlamalarini gézden
gecirmesi gerektigine inaniyoruz.
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INTRODUCTION

The esthetic component of dental care has
become increasingly more important, while new
tooth colored materials are continually marketed.
Recently several manufacturers have introduced
“condensable” or “packable” composites to the
market with new filler designs that permit them
to be packed with more force into cavity prepa-
rations as alternatives to amalgam.!®

They are characterized by a high filler load
and a filler distribution that gives them a dif-
ferent consistency compared with the hybrid
composites.®

On the basis of the perceived high-filler load,
these materials may be expected to exhibit supe-
rior physical and mechanical properties besides
the improvements in handling’ One of their limi-
tations, however is their inadequate resistance to
wear.? It is known that, in any wear phenome-
non, four fundamental processes either singly or
in combination are involved.’® Mechanical forces
are involved in three of these, namely, abrasive-
wear, adhesive-wear, and fatigue-wear.

The fourth, corrosive-wear, results from the
conjoint action of chemical and mechanical
forces.!! Considering that saliva is potentially
aggressive electrolyte, corrosion is likely to play
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an important role in the intraoral wear of resin
composites.

The hydrolytic degradation (corrosion) is slow
in the oral environment."? For most composite
resins, the effects of degradation on wear are not
perceptible until a year or longer following the
placement of the restoration.

The process is also slow in water and artificial
salival?'* and is even slower in low pH media'®.

It has been noted in a previous study that, of
several solvents used in softening of composite
resins, the most effective was NaOH solution®
In the other study, it has been observed that an
increase in pH of the medium increases the wear
rate of composite resins.!’

The purpose of this study is to examine the
corrosive wear and the microhardness of tooth
colored composite resins.

MATERIAL AND METHODS

The seven commercial composite restorative
materials studied are listed in Table I. In general,
the materials consist of a continuous polymeric
resin matrix reinforced with a discontinuous filler
interfaced to the matrix with silane coupling. *V
The filler is either silica or complex silicates or a
mixture of two. The fillers in various brands dif-

TABLE I

Materials used in this study

Material Description Manufacturer
Heraus Kulzer,
Solitaire Packable Composite South Bend,IN
Surefi Packable Composite Dentsply De Trey, Konstanz, Germany
Definite Ormocer Degussa AG, Hanau, Germany
Voco GmbH,
Admira Ormocer Cuxhaven, Germany
Z-100 Microhybrid Composite 3M, St.Paul, MN, USA
Dentsply/Caulk
TPH Microhybrid Composite Milford, DE, USA
Silux Plus Microfil Composite 3M, St.Paul, MN, USA
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fered in composition, concentration and particle
size distribution.

The experimental methodology is divided
into two parts, corrosive wear and microhard-
ness, to study independentlly the effects of these
variables.

Corrosion test

Light-cured disc specimens (n=8), 10 mm di-
ameter and 3 mm thickness, of each brand were
fabricated and final ground with water lubricated
600 grit SIC paper. They were ultrasonically
cleaned in distilled water for 1 min and then
dried to constant mass at 37 °C Each specimen
was placed in a polyethylene vial contaning 20
ml. of 0,1 N NaOH and was stored at 60 °C.
At the end of two weeks, the specimens were
removed from the solution, washed thoroughly
with distilled water and dried at 37 °C for con-
stant mass.!

Resistance to corrosion was measured in
terms of mass loss. The mass loss (%) was de-
termined from pre- and post-exposure specimen
mass. This parameter represents the solubility of
both organic and inorganic components of the
materials.

Microhardness test

Circular disks of each material were prepared
(3mm thick and 10 mm. diameter) in a stainless
steel mold on a celluloid matrix supported with a

glass slab on the top and bottom. The materials
were cured according to the manifacturers direc-
tions. The materials were final ground with water-
lubricated 600 grit SIC paper, washed with dis-
tilled water and then exposed to the 0,1 N NaOH
at 60 °C for two weeks. Following exposure, the
specimens were washed with distilled water.

Microhardness was measured on the top and
bottom surfaces with a Buehler Micromet (Bue-
hler, Lake Bluff, IL) equipped with a Vickers in-
dentor at a rate of 50 pm/sec with a load of 25
g. The lenght of the diagonal of each indenta-
tion was measured directly from the graduated
eye lens six indentations for every surface were
made. The means were calculated and converted
to Vickers hardness numbers (VHNSs) from cata-
loged data.

RESULTS

The mean values and standard deviations of
microhardness and mass loss of seven restorative
materials are presented in Table II, III.

Vickers Hardness

The results of the Vicker’s microhardness val-
ue for each material with 95% confidence limits
are listed in Table II.

The results indicated statistically significiant
differences (p<0,05) among the tested compos-
ite materials.

TABLE II

Mean values and standard deviations of the Vickers hardness of restorative materials

Time
Materials o 2weeks
Mean SD Mean SD P
Solitaire 58.18 1.62 51.85 112 0.028*
Surefil 60.05 1.78 54.40 1.79 0.028*
Definite 65.76 1.82 67.48 1.50 0.173
Admira 63.11 2.15 65.51 1.62 0.075
Z-100 56.73 2.34 49.15 2.31 0.028*
TPH 88.36 2.22 92.20 0.97 0.046*
Silux Plus 80.98 1.84 84.50 1.26 0.046*

*Significant (p<0.05)



According to the results of Wilcoxon Signed
Ranks Test, there were no significant reduction
(p>0,05) in surface hardness relative to the initial
material hardness of Definite and Admira.

It was observed that Z-100 showed significi-
antly lower initial hardness (56,73 VHN) com-
pared with all other tested materials.

Initial hardness of TPH exhibited a signifi-
cantly higher value (88,36VHN) than all the
other materials tested.

The microhardness values of Solitaire, Sure-
fil and Z-100 showed a tendency to decrease in
relation with time. Definite, Admira, TPH and
Silux Plus showed progressive decline in relation
to time with the ranking of the materials tested
being considered to be as follows:
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TPH>Silux Plus>Definite>Admira>Surefil>
Solitaire>Z-100

Mass Loss

The mean values and standard deviations of
the mass loss measurements at varying time inter-
vals are presented in Table III.

For all seven materials, there was a significant
reduction (p<0,05) in mass loss, relative to the
initial mass, following exposure to NaOH media.
At 2 weeks, there was a significant difference
(p<0,05) between the amount of mass loss, fol-
lowing corrosive wear for Solitaire, Surefil and
Silux Plus.

The mean and standard deviations of percent
mass loss changes between the initial values and

the values at two weeks are presented in Table IV.

TABLE III

Mean values and deviations of the mass losss levels of restorative materials (Initial mass 100%6 specimens of each material).

Time
Materials o 2weeks
Mean SD Mean SD
Solitaire 97.46 1.68 92.95 1.57 0.028*
Surefil 97.26 1.22 94.95 1.40 0.046*
Definite 95.88 1.01 95.28 0.74 0.463
Admira 96.28 1.05 95.40 0.72 0.249
Z-100 96.35 0.82 94.75 1.09 0.075
TPH 96.30 0.93 95.98 1.12 0.753
Silux Plus 97.41 0.68 95.86 1.25 0.046*
*Significant (p<0.05)
TABLE IV
Mean values and standrad devations offmass loss changes (%)
Mass loss due to wear % n=6
Materials Mean SD
Solitaire 4.63 1.39
Surefil 2.38 1.34
Definite 0.61 1.71
Admira 0.87 1.60
Z-100 1.65 1.92
TPH 0.33 1.12
Silux Plus 1.59 1.26
Chi-square = 18.731
P = 0.005

*Significant (jp<0.05)
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The percent increase in wear due to corro-
sion were examined by Kruskal-Wallis test and it
was found significant differences among all the
materials tested. (p<0,05)

It was observed that TPH showed significant-
ly the lowest mass loss value (0,33%) and Soli-
taire showed the highest (4,63%). The materials
tested could be ranked as follows:

Solitaire>Surefil>Z-100>SiluxPlus>Admira>
Definite>TPH

DISCUSSION

The progress in developing wear resistant
resin composites has been rather slow mainly
because wear evaluation has been dependent
on time consuming clinical trials. Accelerated
laboratory tests are available.?0?®> While these
tests have been useful in studying fundamental
mechanisms of wear, they have not been able to
predict clinical wear?*2¢ One of possible reason
for this difficulty is that, environmental degrada-
tion has not been taken into consideration in the
design of most in vitro wear tests.!!

It is recognized that the alkaline medium used
in this study does not represent the composi-
tion of saliva nor its pH. The pH of the storage
solution affects degradation of composite resin
materials.?”-?8 This effect has been discussed in
terms of matrix decomposition which occur due
to hydrolisis of the polymer matrix.!” The degra-
dation process has been shown to associated with
the swelling causes the formation of pores inside
the material from which organic substances can
be released, resulting in a mass loss.!'1® Wear
is enhanced by loss of reinforcement resulting
from the hydrolysis of silane coupling and filler
particles Neither water nor alcholic solvent is ca-
pable of enhancing this corrosion process that
preceedes wear.!! Chadwick et. al.?° reported
that a low pH of the storage solution has a nega-
tive effect on the wear resistance of composite
resins. A high pH is detrimental to the stability
of silane coupling and enhances dissolution of
both silica and silicate glass. For a specific filler
composition, their particles dissolve faster than
coarser particles.!! With respect to inorganic fill-
ers their composition, content and particle size
distribution are important variables in internal
corrosion. Glass fillers are more hydrolytically
unstable than fillers containing silica.

A suitable medium for in vitro corrosive-wear
testing is one that accelerates the hydrolysis
process. Since this process involves interaction
with the OH" ion, a medium with an excess of
hydroxyl ions can serve this purpose. Based on
this rationale, we have used an aqueous 0,1 N
NaOH solution in studying the corrosive-wear of
resin composites.!! Exposure of composite resin
to this medium for a few hours produces surface
microstructural damage similar to that observed
in restorations retrieved from clinical service.

As shown by the result of the present study,
mass change of the different composites was af-
fected with 0,1 N NaOH solution. Of all the ma-
terials tested TPH proved most resistant to corro-
sion and mass loss (0,33%). Conversely, Solitaire
showed the highest mass loss value. (4,63%) For
comparing the corrosive wear of the materials,
TPH performed the best and Solitaire the worst.
Subsequently, there was reduction in mass, so
that after 2 weeks, all had become lighter by an
extent compared with the initial values. That was
statistically significant for Solitare, Surefil and Si-

lux Plus. (p<0,05)

The corrosive wear rate of composites has
been reported to be related to the amount, size,
and degree of filling particles in the matrix.*

Within the limits of this study, negative corre-
lation was observed between hardness and cor-
rosion of the composite resins.

The hardness of a material is the resistance
a solid shows to local deformation.?® A positive
correlation has been established between the
hardness and the organic filler content of den-
tal restorative composites.?® Hardness is also
dependent on the degree of polymerization. In
the present study TPH was found to be the hard-
est material. Microhardness value of Definite and
Admira were higher than Surefil but lower than
Silux Plus.

All materials tested showed a tendency to de-
crease in relation to time. From the findings of
the present study, there is no obviously superior
material, because time dependent different rank-
ings were obtained from different tests.

It is evident that the chemistry of the oral en-
vironment must be taken into account, although
the effects differ according to the type of ma-
terial. Further work is necessary to determine
whether the physico-chemical effect can occur
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