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ABSTRACT

Background: Various fluids in the oral environment can affect the surface roughness of resin compoaosites. This in vitro
study was conducted to determine the influence of the mouth rinses on surface roughness of two methacrylate-
based resin (nanofilled and packable composite) and siloraine-based resin composites.

Materials and methods: Disc-shaped specimens (12 mm in diameter and 2mm in height) were prepared from three
types of composite resin materials: Filtek™ Z350 XT, Filtek™ P60 and Filtek™ P90.Thirty specimens were prepared from
each composite type and subdivided into three subgroups (n=10) according to the type of treatment solution:
distilled water (control), Listerine (alcohol-containing), Sensodyne Pronamel (alcohol free fluoride- containing).Each
subgroup was immersed in 20 ml of treatment solutions and incubated at 37°C for 24 hr and then subjected to
surface roughness test by profilometer .The resulting data were statistically analyzed using ANOVA and LSD test
at0.05 significance level.

Results: The results of this study showed that both mouth rinses irrespective of the presence or absence of alcohol
resulted in significant increase in the surface roughness of the tested resin composite materials compared to control
with no significant difference between the two mouth rinses. Comparison among the three types of resin in each
treatment solution showed that there was a statistically high significant difference in surface roughness between all
subgroups

Conclusion: Both alcohol-containing and alcohol-free fluoride containing mouth rinses cause highly significant
increase in surface roughness of composite resins. Composite changes depended on the material itself rather than

the mouth rinse solution used.

Key words: Composite resin, mouth rinses, siloraine, surfaces roughness. (J Bagh Coll Dentistry 2016; 28(3):1-7).

INTRODUCTION

One of the factors that determine the clinica
longevity of a restoration is its surface
characterigtics, the restoration must provide a
smooth and regular surface, but it is not always
possible Y As the composite resins are polymer-
based materials, they may undergo degradation
inside the ora environment, resulting in
dterations of the mechanica properties
@ Mechanical properties of composites are not
only influenced by their chemical composition but
also by the environment to which they are
exposed ©.

During the last decades, the increasing demand
for esthetic dentistry have led to the development
of resin composite materials for direct restorations
with  improved physicd and mechanical
properties, and clinically acceptable surface
smoothness . To achieve the last goal,
manufacturers predominantly have increased the
filler load and reduced the diameter of the filler
particles to produce composites with a good mix
of polishability and strength ©. Packable
composites were expected to exhibit excellent
mechanical and E)hysi cal properties owing to their
high filler load ©.

(1) Lecturer, Department of Conservative Dentistry, College of
Dentistry, University of Baghdad.
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Where Nanofill composites consist  of
individual nanosilica particles and nanoclusters,
the nanocluster fillers are agglomerates of nano-
sized particles and act as a single unit to achieve
higher filler loading and strength )

However, the shrinkage of the methacrylate
resin has remained a major challenge ®. Different
high-molecular weight matrix resin compositions
have been developed with the aim of diminishing
polymerization shrinkage. These include a
cationic ring-opening hybrid monomer system
that contains siloxane and oxirane structural
g}oieti&s, this material commonly called siloranes

The surface roughness property of any
materia is the result of an interaction of multiple
factors. Some of them are intrinsic that are related
to the material itself, such as the filler (type,
shape, size and distribution of the particles), the
type of resinous matrix as well as the ultimate
degree of cure reached, and the efficiency at the
filler/matrix interface. Other factors are extrinsic
that related to the type of polishing system used,
drinks, foods and influence of the ora
environments?,

Mouth rinses are considered one of these
affecting factors. Mouth rinses are widely used to
prevent and control caries and periodontal
diseases, and are frequently used, even without
professional prescription. These mouth rinses
consists of water, antimicrobial agents, salts, and,
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in some cases, alcohol . The variation in the
concentration of these substances may increase
sorption, solubilit%/ and surface degradation of
resin composites %"

Taking in consideration the importance of
roughness with respect to esthetic and function of
restorations, thisin vitro study was conducted to
analyze the effects of two types of mouth rinses
(alcohol-containing and acohol free fluoride-
containing) on the surface roughness of three
esthetic restorative materials (nanofilledFiltek
Z350, packable Filtek P60 and silorineFiltekP90).

MATERIALSAND METHODS
Specimens prepar ation

Ninety specimens (shade A3) were constructed
from three composite materials (30 from each).
The three resin-based composite materials used in
this study are shown in (Table 1). A specidly
designed cylindrical plastic mold (12mm diameter
and 2mm height) was used to prepare disc-shaped
composite specimens ®?.

A cdluloid strip (Odus, Produits Dentaires SA
CH-1800 Vevey/Switzerland)was placed on a flat
glass dlide (Microglass industries, pahari Dhirgj,
Delhi) on top of a white background, the mold
was then placed on it and slightly overfilled in one
increment with one of the composite materials and
a second celluloid strip was then placed on top of
the mold and overlaid with another glass dlide
with the application of 200gm load for 1 minuteto
extrude excess material and obtain a smooth
surface™.

The top dlide was then removed and the
composite was light cured using a light emitted
diode LED curing light (LATTE YDL, China)
with a light intensity 1000 m W/cm2, for 20
seconds of exposure time to top and bottom
surfaces, respectively following the
manufacturer’s instructions . The tip of curing
light was placed as close as possible to the glass
slide to achieve maximum curing depth.

Then al prepared samples were stored in
digtilled water at 37°C for 24 hours using
incubator, for rehydration and completion of the
polymerization to mimic the first day of servicein
the oral environment*®.

Specimens Grouping

The specimens of each type of composite were
randomly divided into three groups of ten
specimens each as follows: Group | distilled water
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(contral), Group Il Listerine (alcohol-containing),
Group Il Sensodyne Pronamel (alcohol free
fluoride-containing), The specimens were then
immersed in 20 ml of respective treatment
solution (Table 2) and kept in an incubator at
37°C for 24 hours that was reported to be
equivalent in time to 1 year of 4min daily use “©.
All specimens were removed after 24 hours of
their immersion in treatment solution and
incubation. Then 20 ml of distilled water
(pH=7.53) was used to thoroughly rinse each
specimens for 120s. Each specimen was then
blotted dry using afilter paper *”

The pH of treatment solution was recorded
before and after immersion using a digital pH
meter (Microprocessor PH meter, HANNA PH
213, Italy). For each solution three readouts were
taken and the mean PH values were: distilled
water-PH: 7.31; Listerine-pH: 4.22; Synsodine
Pronamel-pH: 6.21.

Surface Roughness M easur ements

The specimens were then checked for post
immersion surface roughness. The average values
of surface roughness (Ra-p m) of all specimens
were measured by means of a profilometer (Hand-
Held Roughness Tester, TR200, Time Group Inc.
China).

The profilometer measured each specimen at
three areas in various locations with a maximum
travelling distance of 11 mm (0.5mm left from
both periphery of the specimen). The average
value was recorded as the mean Ra of that
specimen. The mean Ra vaues were
automatically calculated by the profilometer.

Statistical Analyses

All dtatistical analyses were carried out using
SPSS statistical software (version19.0, SPSS,
Chicago, IL, USA). After data collection, mean
values and standard deviations were calculated for
al groups and subgroups. One way analysis of
variance (ANOV A) test was performed among the
experimental groups to determine where there any
statically significant differences under various
conditions.

When a significant difference was found, least
significant difference (LSD) test was done to find
where the significance occurs. The mean
difference is significant at the 0.05 level.

Effect of Mouth Rinses
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RESULTS

The descriptive statistics (mean and standard
deviation) of surface roughness (Ra value in pm)
of the different subgroups of Filtek™ Z350 XT,
Filtek™ P60 and Filtek™ P90 composite resin
materials and the comparison of significance of
the different subgroups of each composite resin
material byOne-way ANOVA test are presented
in Table 3.From this table, it can be seen that the
mean Ra values of all subgroups of Filtek™ Z350
XT composite resin material were higher than the
mean Ra values of their corresponding subgroups
of Filtek™ P60 and Filtek™ P90 composite resin
materials. Also we can see that the mean Ra
values of Filtek™ P60 is similar to the mean Ra
values of Filtek™ P90 in distilled water but they
differ after conditioning with the mouth rinses
,since the mean Ra vaues of Filtek ™ P90 is
higher than of Filtek™ P60.

Statistical analysis of data by using the
analysis of variance "ANOVA" among the three
treatment solution against each type of composite
materials revealed that there was a highly
significant difference among the three treatment

Vol. 28(3), September 2016

solution in all types of composites used (control,
Listerine, and Synsodine Pronamel) P<0.05

Further investigation using LSD(least
Significant Difference)test showed that there was
astatistically high significant difference in surface
roughness between the subgroups stored in both
mouth rinses as compared with control
subgroup(P=000), while there was statisticaly no
differences between the subgroups stored in
mouth  rinses (Listerine and  Synsodyne
pronamel)(p>0.05) as shown in Table 4.

ANOVA test was aso done among the three
tested composite materials against each treatment
solution (table 5), it show that there is a highly
significant differences among the three composite
types in each treatment solution.

Further investigation using LSD (least
Significant Difference) test was done to find
where the significance occur (table 6)showed that
there was a datistically high significant
differences in surface roughness between all
subgroups except for subgroup of P60 and
subgroup of PO in distilled water.

Table 1: Typesof compositeresin materials used in this study

Effect of Mouth Rinses

. Filler
Product Co_r[pposte Resin components Filler type Particlesize loading Manufacturer
ype
Wt(val)
Non-agglomerated
/non aggregated 20nm silica
Bis-GMA, UDMA, silicafiller Non- filler
Filtek 1 Nanofilled TEGDMA and Jron lac;]n;ga?ded A-11nm 78.5% 3'F\>Arc?det?ctfﬂ
Z350 BissEMA ,PEGDMA Zi 7 . L (63.3%)
irconiafiller zirconiafiller (USA)
aggregated
zirconia/silica cluster 0.6-10 um
filler
Filtek Biss GMA,UDMA . . 0.01-3.5um 83% 3MDental
po | "ockeble and Bis-EMA Zirconialsilica (mean0.6um) |  (61%) | product(USA)
Silorane (or) ;3,4
Epoxycyclohexyl
Filtek Micro- Ethylcyclopolymethy! ) . 0.1-0.2um 76% SMDental
h 4 ; Quartz, yttriumfluorid (mean Product
P90 hybrid siloxane, bis-3,4 047 (55%)
E lohexv- .47um) (USA)
poxycyclohexy
lethylphenylmethylsilan
Table 2: Typesof mouth rinsesused in study
Treatment Composition Manufacturer/
solutions Batch number
Eucalyptol 0.092%, menthol 0.042%, Menthyl Salicylate
0.06, Thymol 0.064, Water, Alcohol (Ethanal) (21.6%), Johnson and Johnson
Listerine Sorbitol, Flavoring ,Poloxamer 407,Benzoic Acid Healthcare Products,
sodium saccharin, sodium benzoate, Dand C yellow no. 10, USA3481LZ
FDand C green no. 3
water, Glycerin, Sorbitol, Poloxamer 338, PEG-60
Hydrogenated Castor Qil, VP/VA Copolymer, Potassium N
ﬁnofg%ge Nitrate, Sodium Benzoate,_Ct_aII_quse Gurr_1, Aroma, Sodium xs_%azd, Gla>(<§esrrr2|6t“r1ﬂ;hne
Propylparaben, Cetylpyridinium Chloride, Sodium Saccharin, 1188026
Xanthan Gum, Disodium Phosphate, Sodium Phosphate,
Cl 42090, Contains Sodium Fluoride (450 ppm Fluoride).
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Table 3: Descriptive statistics of surface roughnessvaluesin pum for all groupsand statistical
analysis of data by (ANOVA) among the three treatment solution against each type of composite

Materials Distilled Listerine Synsodyne F-test | Significance
water pronamel
Mean
Filtek™ (um) 0.0071 0.011 0.012 0.000
7350 XT 53834 1 Hy
SD 0.00122 0.000816 | 0.001563
Mean
Filtek™ (um) 0.00112 0.0073 0.00759 0.000
P60 140.949 (HS)
sD 0.000123 0.001567 | 0.00061
Filtek™ '\("uerﬁ;‘ 0.0012 00092 | 00007 | .| 0000
P90 ' (HS)
SD 0.000231 0.000919 | 0.000949

Table 4: L SD test between subgroups of the tested solution against each type of composite

Materials Control and listerine | Control and pronamel | Listerine and pronamel
Filtek™ 7350 XT 0.000(HS) 0.000(HS) 1.000(NS)
Filtek™ P60 0.000(HS) 0.000(HS) 0.511(NS)
Filtek™ P90 0.000(HS) 0.000(HS) 0.154(NS)

Table 5:ANOVAand L SDtests among the three tested material against each treatment solution

F-value | Significance | Z350 and P60 | Z350 and P90 | P60and P90
Distilled water 226.595 | 0.000(HS) 0.000(HS) 0.000(HS) 0.806(NS)
Listerine 25.891 | 0.000(HS) 0.000(HS) 0.002(HS) 0.001(HS)
SynsodinePronamel | 39.271 | 0.000(HS) 0.000(HS) 0.000(HS) 0.000(HS)

0.014

0.012

mean

W 7350

HPs0

distilled water

0.01
0.008 A
0.006 A
0.004 A
0.002 A

o

listerine

synsodine

Fig. 1. Mean surface roughness values of all groups

DISCUSSION

The maintenance of a smooth surface is
fundamental for improving the clinical longevity
of aesthetic materials, whereas rough restorations
can lead to periodontal problems or plague
retention, subsequent recurrent decay, surface
staining and patient discomfort “®. Bollen et al.
(1997) related that some studies suggested a
threshold surface roughness for bacterial retention
(Ra= 0.2 um). An increase in surface roughness
above this threshold roughness resulted in a
simultaneous increase in plague accumulation,
thereby increasing the risk for both caries and
periodontal inflammation “2.

In this research the samples were not
subjected to any surface treatment, in order to
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avoid the influence of finishing techniques on the
results. Only a polyester strip was used on the
resin composite before polymerization with the
intention of obtaining a smooth surface. Any form
of additional polishing could lead to an increasein
surface roughness Gongalves et al. @V
presented that, the smoothest resin surfaces were
obtained after the photopolymerization of the
composites through the polyester matrix strips.

There are two variable present in this study,
treatment solution (mouth rinses) and composite
resins.

Effect of mouth rinse
Mouth rinses contain water, antimicrobial
agents, salts, preservatives and in some cases
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alcohol or fluoride, the variation in the
concentration of these substances affects the pH
of mouth rinses 2. It has been found that low-pH
mouth rinses with higher acohol content may
affect some physical-mechanical properties of
resin composites, producing softening of esthetic
restorative materials'®.

All types of mouth rinses contain solvent such
as water or alcohol, and this solvent enter the
polymer network through porosities and
intermolecular spaces and cause expansion that
can affect the dimensions of the restorations. In
addition, solvent uptake is accompanied by aloss
of unreacted components, like unreacted
monomers, or ions from filler particles, resultsin
aloss of mass. @

Listerine have low pH (4.2) because of
containing benzoic acid with high acohol
percentage, alcohol is a good polymer chan
solvent, and solutions with high alcohol
concentration can degrade the mechanical
properties and increase the wear of composite
resins®, filler tend to fall out from resin material
and the matrix component decomposes when
exposed to low PH environment ©*.

Although, the pH of Synsodine pronamel
mouth rinses(6.2) is lower than that of Listerine
(4.2) but there was no significant difference
between them, this may be due to that sodium
fluoride is as an active ingredient(450ppm)in
Synsodine pronamel which may cause surface
degradation. Fluoride agents with alow pH and a
high fluoride concentration has been shown to
cause surface damage to dental composites by
dissolution and loss of filler particles, this may
result in increased surface area exposure of the
resin  matrix ®,  adsofluoride  cause
disorganization of the siloxane network formed
from the condensation of intramolecular silanol
groups, which stahilizes the interface. This may
weaken the particle-matrix interface .

According to the results of this study, both
mouth rinses irrespective of the presence or
absence of acohal resulted in significant increase
in the surface roughness of the tested resin
composite materials compared to control with no
significant difference between them.It was found
that alcohol is not the only factor that has a
softening effect on the restorative materials. Other
ingredients in mouth rinses such as solvents,
fluoride and acids may have softening effect on
polymer matrix ®".The finding of the present
study is agreed with the result of Jyothi et a.
@3who reported that degradation of the composite
resins are not significantly affected by the type of
the mouth rinses used.
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Effect of compositeresin type

In this study; two dimethacrylates based
composite resins, Filtek™ Z350 XT and Filtek™
p60 were compared with a silorane-based,
Filtek™ p90 low shrink posterior composite. The
two methacrylate based composite types tested in
this study had the same polymer matrix
composition: bisGMA, UDMA, and bisEMA
resins. Except for bisEMA, which is an
ethoxylated version of bis-GMA, other molecules
(bisGMA, UDMA, and PEGDMA) have
hydroxyl groups which promote water sorption.
Moreover, the incorporation of TEGDMA in
Filtek™ Z350 XT composite material resulted in
an increase in water uptake as this monomer
presents higher hydrophilicity when compared
with bisGMA and UDMA ®@:so the lowest
surface roughness of then a nofilled composites,
Filtek™ Z350 XT, could be explained be the
presence of TEGDMA and the (size, shape, and
amount of)filler particles present in the
compositions of the materials (Table 1). The
composition and size of the filler particles affect
the surface smoothness .The surface roughness
increased as the filler sizes will be increased
@) Therefore, it can be expected that
nanocomposite with a smaller particle size, will
have a smoother surface. However, in the present
study, the nanofilled composite resin type
(Filtek™ Z350) showed lowest roughness values.
This could be due to the nature of the resin matrix
and the possible porosity in aggregated filler
particles . Filtek™ Z350contains comparatively
small nanoclusters, producing a greater surface
area to volume ratio and hence a larger area of
hydrophilic silane available for water sorption.
Consequently, the physicochemical properties of
the intermediate phase will become more critical
since a higher degree of silanisation will be
required for resin-based composite with a high
volume percentage of nanoparticles 2.

Filtek™ Z350 XT might absorb more water at
the filler—matrix interface. The absorbed water
causes filler—matrix debonding or hydrolytic
degradation of the filler ®°. The Nanofillers are
discreetly dispersed or organized in clusters; these
purely inorganic clusters are formed by individual
primary nanoparticles bonded between them by
weak intermolecular forces ©2.

These findings are in accordance with previous
studies concluding that then a nofilled composites
have the lowest surface roughnessas compared
with these two filling materials >3,

The result of the present study shows that
silorane based resin composite and packable resin
exhibited similar surface roughness in distilled
water but there is highly significant difference

Effect of Mouth Rinses
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between them after conditioning in both mouth
rinses, since the mean Ra values of Filtek ™ P90
is higher than of Filtek™ P60.

Siloranes are silicon-based monomers with
oxirane (epoxide) functionality. Siloirnes can be
extrely hydrophobic, making the oxirane groups
inaccble to attack by water or water-soluble

eci%( , therefore decreasing solvent sorption

However there is a significant increase in
surface roughness of silorane —based resin after
immersion, this can be contributed to the filler
load and composition.

The silorane-based resin composites presents
filer particles of fine quartz particles and
radiopague yttrium fluoride, which make up 76%
of its weight and which have an average size of
0.47um and is classified as a microhybrid resin
composite, this lower amount of filler particles as
compared with Filtek™ p60 may have contributed
to its ability to obtain higher surface roughness
values than packable composite . Han et al. @
suggest that a relatively higher filler loading
increase the stability of resin composite surface
against low PH condition.

The presence of fillers in a polymer network
can greatly affect solvent uptake and dissolution.
Studies indicated that composites containing
radiopague glasses, such as Ba glass, Sr, Yb and
La have been shown to undergo greater
dissolution than silica and quartz containing resin
composites ?*) Garced et a. found that the
highest values of ytterbium fluoride release were
observed in the pH-cycling as compared to the
deionized water medium

This may explain the significant increase in
roughness in Filtek™ P90 after immersion where
Y tterbiumtrifluoride are part of their filler content.
Ytterbium trifluoride, which contributes to
fluoride release, is awater soluble component and
leaches out after immersion in a solution 2. This
might alter the microstructure of the composte
bulk through the formation of pores ®®. These
findings are in agreement with results of other
studies “*? that show the mouth rinses increase
the surface roughness of silorane-based
composite.

Filtek™ P60 has the higher filler loads with
silica fillers type which has the lower dissolution
as compared with other filler types but still there
is a significant increase in surface roughness after
immersion in mouth rinses this may contributed to
the presence bisGMA and UDMA hydroxyl
groups which promote water sorption.

Thisin vitro study appears to show that mouth
rinses utilization can significantly increase
composite roughness but the average surface
roughness of the tested materiads in dl
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circumstances didn't exceed the critical threshold
vaue of 0.2um, which dlows plaque
accumulation.

The results of the present study allow us to
conclude that the changes observed in the
composites depended on the material itself rather
than the mouth rinse solution used.
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