DD

ol 4 | o]

7 olei¥l 4o

Slntuall sac 05

oyl

LAl o3,

=

I delpa lg)]
ESEM results

INFLUENCE OF STORAGE MEDIA AND
POWER-TOOTHBRUSHING ON CONTEMPORARY
RESTORATIVES SURFACE-ROUGHNESS

Hala Ali Maher Ragab;” Maha Ahmed Niazy;"
Randa Mohamed Hafez™ and Omar EL-MOWAFY ™

ABSTRACT

Purpose: This study evaluated the surface-roughnessof three resin-based restoratives after
storage in different media and tooth-brushing. Methods: Fifteen discs were fabricated for each
material: FiltekSupreme-Plus, nano-hybrid; KetacN100, nano-ionomer; and Filtek-LS, silorane-
based. Discs were divided into three subgroups according to storage media: deionised water
(control); lactic acid; and sodium-hydroxide, then stored for one week at 37°C and subjected to
power-tooth-brushing abrasionfor 100,000strokes (representing 4.2yr clinical use). Ra values
were determined by stereo- microscope 40X (Olympus DP10, SZ-PT, Japan) with software:
Image J1.4.1 (NIH, USA). Representative ESEM images were also obtained. Results: storage
media and toothbrushing abrasion significantly increased surface-roughness of all tested materi-
als. However, there was no significant difference between mean Ra of Filtek-Supre, s and
Ketak-Nano which had highest mean Ra compared to Filtek-LS which showed signi low-
est mean Ra values. Conclusions: both the storage media and tooth brushing affectedthe surface
roughness of all tested materials. Silorane-based restorative material exhibited more acid and

abrasion resistance than methacrylate-based restorative materials.

INTRODUCTION

Marked improvements in restorative materials
have occurred during the past decade. Recently,
the public fascination in esthetic dentistry has
dramatically increased and the importance of direct
placement of esthetic tooth-colored restoratives

is also increasing. Despite their success in this

still

face some clinical problems and their longevity

respect, resin-based restorative materials
can be compromised, especially in dverse
conditions of the oral environment “%Fof the
problems that could affect the clinical performance
of these materials is wear which could occur as a
result of occlusion, chewing, tooth brushing or
parafunctional activities like grinding and clenching
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as well as hostile chemical, thermal and biological

components involved®?. Previous studies have
reported that acidic challenge has detrimental
effects on wear, surface and physical properties of
glass ionomer cements and composite resins®.
Such erosive attack can induce, at least to some
extent, the degradation of the matrix and fillers of
restorative materials *7. Thus the performance of
a dental composite resin depends on filler type and
amount, resin composition, filler-matrix bonding,
and polymerization conditions. Filler levels, filler
treatments, and degree of polymerization have been
shown to influence wear. Fine fillers have been
used to reduce inter-particle spacing to improve
wear resistance. Moreover, the continuing action of
tooth brushing could result in surface alterations of
restorative materials making it more prone to plaque
accumulation and soft tissue inflammation B, As
the tooth brush abrasion and erosion could have
a synergistic effect on surface roughness of resin-
based materials, therefore, the aim of this article
is to investigate the effect of storage media and
simulated tooth-brushing on surface roughness of

some contemporary resin based dental restorations.

TABLE (1) Materials used in the sudy
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MATERIALS AND METHODS

Composite materials and storage media

Three dir
were selected for this study; Filtek Supreme Plus

etic restorative materials
(nanofill composite; Ketac N100 (resin-modified
nanoionomer; and Filtek LS (Silorane based
composite). Shade A2 was selected for all materials.
The details of the restorative materials used are
shown in table (1). The storage media used were
deionized water (control), acidic medium (2ml
lactic acid solution, at concentration of 0.02mol 'at
pH 2.7) ¥91 and alkaline medium (20 mL of 0.1 N,

NaOH at pH 13)

Specimen preparation

Fifteen discs (n=15) from each material
were fabricated according to the manufacturer
instructions. The restorative material was pa

as one increment and pressed into a Teflon mo

dimensions;(3 mm diameter, 2 mm depth) using an
appropriate instrument. Each mould was slightly
over filled then covered with a glass microscope
slide to achieve a smooth flat surface and extrude

the excess material thenlight cured for 40 seconds

Material Type Composition Fillers /Vol. Manufacturer
Filtek Nanofilled resin Bis-GMA, Bis-EMA, UDMA, Nano silica and zirconia/silica 3M ESPE,
Supreme Plus composite TEGDMA nano-clusters Seefeld-
(Particle size = 20-75 nm Germany
Cluster size = 0.6-1.4um, 59.5
vol %)
Ketak N100 | Resin-modified | Fluoro-alumino silicate glass(FAS), | Two types of surface treated FAS 3M ESPE,
nanoionomer copolymer, a methacrylate modified | nano-fillers (5-25nm) and nano- Seefeld-
polyalkenoic acid, HEMA, Deionized clusters (1.0-1.6)m Germany
water 69 % wt
Filtek LS Microhybrid Silorane-based hydrophobic resin Silanized, fine Quartz 3m ESPE
resin composite | matrix Bis-3.,4-Epoxycyclohexylethyl- filler,Y ttrium fluoride Seefeld-
Phenyl-Methylsilane (0.1-2um, 55 vo%]l) Germany
3 4-Epoxycyclohexylcyclopolymethyl-
siloxane, stabilizers and pigments
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from both sides using LED light curing unit (blue
phase, Ivoclar, Vivadent). The curing light was
placed perpendicular to the specimen’s surface
at contact with the glass slide to ensure curing
efficacy. Curing light intensity was measured at 620
mW/cm2 and monitored with a light meter. The
fifteen specimens of each restorative material were
randomly distributed amongst three groups (n=5)
according to the storage medium; deionized water,
lactic acid and sodium hydroxide, then stored for
one week at 37°C.

Power-toothbrushing apparatus|figl]

Simulated  tooth-brushing

used to perform tooth-brushing abrasion "% The

apparatus ~ was
apparatus consisted of a power toothbrush (Braun
Oral-B CrossAction power Max 7500DLX, Braun
GmbH Frankfurter Stabe 145 61476 Kronberg/
Germany) which h pulsating action added to
an oscillating/rotati ion in order to realistically
imitate rea
Avertical lo
toothbrush.
glass dish and were totally immersed in abrasive
slurrycontainj g of toothpaste and 100 ml of
deionized Watéﬁlgate Fluoriguard, Colgate Oral

~ N

hingof the restorative materials.
00g was fixed on the head of the
amples were fixed in a wax rim filled

. J

FIG. (1) Simulated power tooth brushing apparatus (a-power
tooth brush, b-head load, c- tooth brush holder, d- metal
ligature, e- glass dish, f- wax rim, g- movable wooden
base, h- fixed wooden base, i- stop watch)

®SPSS, Inc., Chicago, IL, USA.

Care, Sydney, Australia). The power toothbrush was
fixed in the toothbrush holder of the apparatus so
that all the bristles are in contact with the specimen,
and was moved in rotating action on the specimen
at a frequency of approximately 374 strokes per
minute at room temperature. Each experiment was
allowed to run for 100000 strokes, representing
4.2 yr of clinical use (Wang et al; 2004) "' A new
toothbrush and fresh slurry was used for each group.
Following the test, the specimens were removed
and rinsed with deionized water for ten minutes and
then air-dried.

Surface roughness analysis

Ra is the universally recognized and most used
international parameter of surface roughness. It is
the arithmetic average of the peaks and valleys of
a surface from the mean line. All specimens were
subjected to surface roughness measurements using
photomicrographs obtained by Stereo-microscope
image analysis (Olympus DP10, SZ-PT, Japan,
and software: Image J1.4.1 (NIH, USA) at 40X
before and after storage and after tooth-brushing
abrasion. Two samples from each group were
randomly selected for environmental scanning
electron microscope (ESEM) (Quanta 2000, FEI,
Netherland with measuring program XT document).
The ESEM offers three-dimensional images (height
image). Representative images were obtained and
compared.

Statistical analysis

Statistical analyses were performed using SPSS
16.0®(Statistical Package for Scientific Studies) for
Windows (SPSS Inc, Chicago, IL, USA).Data were
presented as means, standard deviation (SD) values.
Repeated measures ANOVAwas used to study the
effect of material, storage media and brushing on
mean surface roughness. The significance level
was set at P < 0.05 One-way ANOVA was used to
compare between percentages of change in surface
roughness of different groups.
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RESULTS

Surface roughness (Ra)

The mean, standard deviation (SD) values of Ra of the three materials are presented in table 2. ANOVA test
showed that all variables and their interactions had a statistically significant effect on the mean Ra values.

TABLE (2) The mean, standard deviation (SD) values and results of comparison between the three materials
with different storage media

Brushing - Material d N 5 P-value
Storage media Mean SD Mean SD Mean SD

De-ionized water 1312 1.1 132.6 2.6 132.4 1.8 0.655

Before Lactic acid 1332+ 1.3 1324+ 3.8 1300° 1.8 0.004*
Na OH 1339+= 23 1320° 1.0 131.8° 1.5 0.026*

De-ionized water 134.8 0.7 1343 03 133.6 0.8 0.152
After Lactic acid 138.2¢ 1.6 138.2¢ 20 131.8° 12 <0.001*
Na OH 138.3¢# 1 138.8 ¢ 1.5 135.1° 12 <0.001*

*: Significant at P < 0.05, Mean with different letters is statistically significantly different according to Tukey’s test results

Filtek LS (S) showed significantly lowest mean significantly lowest mean Ra values (fig 3).
Ra values. No statistically significant difference
was found between the mean Ra of Filtek Supreme

(F) and Ketac Nano(N). (fig2).

Regarding the effect of tooth brushing, in
general, there was a statistically significant increase
in mean Ra roughness after brushing (fig 4).

As for storage media, the results showed that
there was no statistically significant difference
between mean Ra of Lactic acid and Na OH, which
showed the statistically significantly highest Ra
values. De-ionized water showed the statistically

However, de-ionized water group, there was no
significant difference between the three materials
before and after brushing. In lactic acid, before and
after brushingthere was no statistically significant
difference between Filtek supreme and KetacN;
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FIG. (2) Comparison between the mean Ra values of all
restorative materials in different storage media

FIG. (3) Comparison between the mean Ra values of different
restorative materials
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Meaan surface roughness (pm)

Before brushing After brushing

- J

FIG. (4) Comparison between the mean Ra values of all
restorative materials before and after brushing

both showed statistically significanthighest mean

roughness while Filtek LS showed significantly

lowest mean roughness. On the other hand, in Na

OH before brushing, Filtek Supreme exhibited

the significantly highest mean roughness where

no statistically significant difference was found
between KetacN and FitekLS, which showed the

statistically significant lowest mean roughness
(Table 2).

ESEM results

Samples of all materials immersed in de-
ionized water exhibited a relatively smooth surface.
Samples of Filtek Supreme immersed in lactic acid
(fig 8) showed exposed filler particles and matrix
degradation as well as irregularities and relatively
rough surface when immersed in NaOH (fig 11).
These irregularities together with voids were more
pronounced after tooth brushing (fig 5a, 5b).

Ketac N samples immersed in lactic acid (fig 6)
and Na OH displayed changes in surface morphology
associated with voids and cracks which appear more
aggressive after tooth brushing (fig 16, 17).

FilteK LS (Silorane-based composite) undergone
mild surface changes when immersed in lactic acid
and in NaOH. These surface changes were more
apparent after tooth brushing (fig 7).

FIG. (5)

Filtek supreme (a. lactic acid,
b. lactic acid + brushing)

FIG. (6)

Ketaknano 2D, 3D (control-
deionized water)
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DISCUSSION

In the oral cavity, corrosive wear results from
the chemical reactions taking place between the
wear couple and the environment. This type of
wear can be due to chemicals from drinks, food,
microorganisms and saliva. In fact, on exposure
to plaque acids, food simulating constituents and
enzymes, resin composites undergo softening!!>!31,
and roughening!'¥. Such circumstances may create
continuous exposure of these materials to the
chemical agents absorbed by adherent debris such
as calculus and food particles. Consequently, lactic
acid was used in this study being a basic constituent
in the plaque encountered in active carious lesions!'?!
and NaOH to mimic the in vivo degradation that
arises from the reaction with OH-which is enhanced
by raising the PH!'¢!. Generally, the corrosion is
rapid initially and tends to slow down, or even
cease, after a cohesive film has been formed on the
surface ", However, when this pellicle is removed
by sliding of surfaces that meet or tooth brush and
dentifrice, an unaltered surface is exposed and the
chemical attack continues, thus resin composites
may show an increased abrasive wear rate ["®.. Since
the wear evaluation depends on time consuming
clinical trials, accelerated laboratory tests are
available -2 To simulate in vivo aspects of tooth
brushing conditions, such as load and stroke rate,
brushing simulating device was designed %!, In the
laboratory studies, the abrasion resistance of resin
composites has been evaluated by profilometrical

Hala Ali Maher Ragab, et al.

FIG. (7)

Filtek LS (deionized water,
lactic. NaOH, brushing)

tracings, weight loss, photomicrographs or 3D
laser scanning °2*??1, Specimens in this study were
immersed in the respective solutions for one week
before subjected to testing as previous studies
reported that the greatest change in hardness of
composites occurred within the first 7 days after
exposure to food simulating liquids *!.

Results of this study revealed a significant
increase in surface roughness of Filtek Supreme
and Ketac N glass ionomer as compared to FilteK
LS (silorane-based composite) which exhibited
significantly lower surface roughness. Moreover,
there was a significant increase in surface roughness
of these materials after exposure to lactic acid and
NaOH in comparison to the control group (deionized
water).

Corrosive wear, as described by Sarkar !,
involves a sequence of events beginning with water
absorption that causes hydrolytic degradation of
silane coupling and reinforcing fillers in the resin
The absorbed water diffuses
internally through the resin matrix, filler interfaces,
pores and other defects, slowly dissolving the filler
particles, compromising their reinforcing effects.

based materials.

The result is the formation of a corroded subsurface
layer that is softer and more porous that can be
easily removed by toothbrush or mastication forces.
Therefore, any alteration of the surface of resin-
based materials at low PH should predominantly be
due to hydrolytic degradation 1°->*!, Moreover, it was
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reported that the TEGDMA content in resin matrix
led to an increase in water uptake, having higher
hydrophilicity *!. Besides, Yap et al®!, reported
that zirconia glass fillers were more susceptible to
aqueous attack.

In addition, the exposure of resin composites
to plaque acids and food simulating media have
shown to undergo softening 2?71, loss of surface
integrity 1419 and increase of surface wear!™ 2 28I,
Our results are also supported by previous studies
which concerned storage media in increasing the
degradation process of resin based composites
and glass ionomer cements * Consequently,
the results of this study could be related to the
wear process encountered in resin-based materials
(FilteK Supreme) and glass ionomer cement (Ketac
N) leading to loss of the softer resin matrix and
protrusion of filler particles thus increasing the
surface roughness. Similarly, the dissolution of the
polyacid salts in the glass ionomer matrix in aqueous
environment enhanced by the chemicals could
account for the increase in roughness. Although,
that
with larger fillers presented higher weight loss

some investigators claimed composites
and roughening than the finer materials®*>2®, yet
others reported that for a specific composition,
finer particles dissolve faster than coarser ones to
create more interfaces —one for the paths of ion
diffusion®®”!. Thus as evidenced by the present study,
Filtek supreme and Ketac N still suffer from loss
of particles probably due to the heterogeneity in the
structure of the material as they combine two types
of filler;nano-particles and nanoclusters in their

composition (table 1).

On the other hand, Filtek LS (Silorane) presented
significantly lower surface roughness after storage
in lactic acid and NaOH. This could be attributed
to the fact that silorane has a unique silorane based
resin matrix.The silorane-based composites (SBCs)
are obtained from the reaction of oxirane and
siloxane molecules. They have low polymerization
shrinkage due to the ring opening oxiranemonomer

and increased hydrophobicity due to the presence
of siloxane species®®. Many studies have confirmed
the stability and insolubility of silorane in biological
fluids such as aqueous solutions containing epoxide
hydrolase, procaine liver esterase or diluted
HCL[39—41]‘
posterior composite having higher wear resistance

Moreover, silorane is marketed as

than anterior composites.

In general, there was a significant increase in
surface roughness of all the tested materials after
tooth brushing with Filteksilorane being the least
affected. However, this increase was insignificant in
the control group (deionized water) as compared to
lactic acid and NaOH storage media. This appears
in the same line with Suzuki et al **, who reported
a uniform tooth brushing abrasion with Filtek
supreme with nano-clusters protruding from the
surface. Greater or minor alterations on the material
surface after tooth brushing with dentifrice depends
on the composition and inherent characteristics of
composite resins 81 as well as the tooth brushing
variables such as time and load . Correr*,
reported that the simultaneous challenge of corrosive
and abrasive wear produced a generalized increase
in wear of resin-based materials, likely because
the superficial exposed layer of the material was
abraded away as soon as it reached a critical degree
of softening. This would be a continuous process
occurring during lifetime of the restoration. This
holds true specifically that, it was found that rough
specimens of reinforced nanohybrid composite
material immersed in cola solution had the lowest
surface hardness ™. The synergistic effect of tooth
brushing abrasion and erosion on resin composites
and glass ionomer cementswas also confirmed by
another study by Wiegand “¢). The minor effects
of erosive and or abrasive attack on Filteksilorane
in this study could be related to the unique matrix
composition devoid of methacrylates.

The SEM images correlated well with the results
of the surface roughness, showing that all materials
presented surface changes after erosive or abrasive
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attack depending on the storage medium and the
material composition. These changes ranged from
minor surface irregularities to severe changes
associated with voids and cracks. Similarresults
were observed by other studies 11633, 46-481,

CONCLUSIONS

Under the effect of the variables of this study, it
could be concluded that:

1. Storage media and power-toothbrushing abra-
sion increased the surface-roughness of all test-
ed materials.

2. Nanoionomer (Ketak-Nano) and Nanofill
(Filtek-Supreme-Plus) were more affected by
erosive and abrasive challenge than Filtek LS

(silorane based composite)

3. The novel network matrix of Silorane-based
restorative provided the material with a stable
chemical structure that is more erosion and
abrasion resistant than methacrylate-based re-
storatives.
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