Effect of Tooth Brushing on Wear of Microhybrid Composites

In vitro experiment
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Changes in the surface roughness of dental restorative materials after tooth brushing are inevitable. The
abrasion is known to increase the possibility of dental plaque accumulation which is responsible for several
pathologies of the oral cavity. The aim of this in vitro study was to evaluate the changes of surface roughness
of microhybrid composite materials produced by different toothbrushes with and without toothpaste. Forty-
eight specimens of two composite materials (Charisma and Super-Cor) were prepared using a silicone
template according to the manufacturer’s instructions. Each sample was brushed for eight hours. Each
group of specimens was divided in two subgroups: half of the samples were brushed using only distilled
water and the other half with a mixture of distilled water and toothpaste (Colgate Total; ratio 1:1). The
average roughness value (Ra) of surfaces were measured with profilometer three times: the initial
measurement was performed before starting the toothbrush simulation, the second was after 4 hours and
the third was after 8 hours of brushing. Three different bristle stiffness toothbrush heads were used (medium
sensitive, medium and soft). After collecting all numerical data one-way ANOVA and Friedman tests were
performed for statistical analysis. All examined microhybrid composites exhibited changes in surface
roughness after the toothbrush simulation. The simulation of toothbrushing without toothpaste, only with
water as cleaning substrate, showed at every measurement the lowest values of roughness in all three
toothbrush heads. Significantly increase of mean Ra values were observed in both tested composite samples
when medium and soft toothbrushes with toothpaste were used. The surface roughness changes of tested
microhybrid composites depend on the brushing procedure. The toothpaste has a much greater effect on

the abrasion than the type of toothbrush.
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Microhybrid resin composites are the results of trend in
dental restorative material development which shows a
reduction in size of filler particles. While the average particle
size of first, so-called macrofill composites were 10-50
um, with further refinements sub-micron particles
appeared in the composition, estabilishing the category of
microhybrid composites [1]. The fillers and resins together
determine the properties of the composite such as
aesthetics (texture, translucency and colour), hardness,
polymerization shrinkage and polymerization stress [2, 3].
The development of new composite materials containing
nano-size particles could not reduce the popularity of
microhybrid composites among the dentists. This is the
consequence of their favourable properties such like-as
universal application in anterior and posterior area,
appropriate strength and polishability, and last but not least
a relatively affordable price [1].

Changes occurring at the surface of the dental restorative
materials are determined by their own chemical properties
and external factors which are mainly patient-related

variables: diet, recurrent acidic environment, and possible
bad behaviours of clenching and grinding presents large
variability among individuals. Oral hygiene due to the
different toothbrushing methods using a wide range of
toothbrushes and toothpastes may cause tooth wear and
also the wear of aesthetic dental restorations [4-6]. The
tilt of mandibular molars in the Curve of Spee can cause
also an increased wear of composite restorations [7]. When
the degree of polymerization of light-cured composite
materials is inadequate due to failure of the operator or
light curing unit, respectively, there may occur a reduced
hardness and an increased wear rate [8-10]. The lack of
succes of composite restorations is often the consequence
of changes taking place between the polymer matrix and
the silanized filler particles of the material, as well as at
the interface layer [11].

One of the mostimportant requirement for composites,
after the reduction of polymerization shrinkage, is the wear
resistance because surface roughness is a major source
of plaque accumulation and discoloration [12, 13]. The
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effect of toothbrush on surface roughness of composites
was shown by many studies, however the issue is not
clarified yet [14]. There are publications available in the
scientific literature which confirm that hard or medium
toothbrushes produce more pronounced abrasion than soft
brushes [15] and there are also articles supporting the
opposite statement [16, 17]. The latter theory is supported
by the fact that soft brushes own smaller diameter
filaments and denser tufts, creating a larger contact
surface which retains more toothpaste [18]. The
composition of toothpaste also plays a role in surface
roughness. The addition of silicone oil in toothpaste can
reduce the abrasion and make the surface smoother [19].

The aim of the study was to evaluate in vitro the surface
roughness changes of two microhybrid resin composites
induced by the simulation of different toothbrushing
techniques - with or without toothpaste - under controlled
conditions. The null hypotheses tested were that the
technique and method of toothbrushing have no effects on
surface roughness of microhybrid composites (1) and there
is no relationship between the bristles properties of brushes
and wear (2).

Experimental part
Material and methods

In the present study 48 specimens of - discs with 5mm
diameter and 3mm thickness — microhydrid composite
samples were used: 24 samples of Charisma Classic
(Heraeus Kulzer, Germany) and 24 samples of Super-Cor
(Spofa Dental, Czech Republic) (Table 1). In order to prepare
the specimens a silicone mold was used. All the specimens
were prepared following the manufacturer’s instructions.
The samples were divided in 6 subgroups according to the
brushing methods: with use of toothpaste or without
toothpaste, medium (2 types) or soft type brushes
(Dontodent, dm, Germany). The bristle size of medium
toothbrushes was 0,15mm and of soft toothbrush 0.14mm,
respectively.

For brushing simulation, a custom-made device was
used containing two electric toothbrushes, which provided
a 2N force transmission at 8800 rpm. Samples were placed
under the head of a brush in a damp medium similar to the
oral cavity and an 8 h simulation was performed. In total,
384 hours of simulation were performed.

The measurement of surface roughness was performed
on three occasions: before brushing simulation, after 4
hours and after 8 h of brushing simulation. For measuring
purposes the MarSurf Xrl - SD 26 (Mahr, Germany)
surfometer was used. The tip of the device linearly
measured each sample on the two opposite diagonals.
Thus, four values were obtained for each specimen surface
on each occasion. The results showed the magnitude of
the material deficiencies on the composite specimen
surface in im order. The rugosimeter determined the
Roughness Average (Ra) value which is a qualitative
numeric information.

The visualisation of topographic shape and physical
properties of the sample surfaces was made with SEM
(JEOL 5200). This enabled to observe the specimens with
100x and 500x resolution at 0Oand 45°. Thus, surface
changes of microhybrid composites became visible from
the initial, pre-simulated phase to the end of toothbrushing
simulation.

The numeric data obtained with the rugosimeter were
collected in Microsoft Excel, the statistic analysis was
made with GraphPad Prism 6. If the paired samples in data
showed normal distribution Repeated measures one-way
ANOVA, in case of non-Gaussianity Friedman tests were
made. Statistical significance level was set at p<0.05.

Results and discussions

In case of Charisma microhybrid composite material
(Table 2) the brushing method without toothpaste slurry,
using only water, did not cause any wear as the
measurements show. Significant differences between
measurements could be observed in case of simulation
with medium head brush and tooth paste (Medium and
Colgate Total) between the first and the third
measurements (p<0.001), respectively between the
second and third (p<0.01). The increase in wear between
the first two measurements was not statistically significant
(p>0.05).

In case of the soft brush used with toothpaste (Soft and
Colgate Total), the differences between the first and the
second measurements (p<<0.01), respectively between the
first and the third were statistically significant (p<0.05),
showing increased wear. The difference of surface
roughness values between the last two measurements
was not statistically significant (p>0.05).

Table 1
DESCRIPTION OF MATERIALS USED IN THE STUDY
MMaterzal Type Baztch MManufacturer Filler volume Particle size
Charisma Microhybnd 0I07ISA | Eulzer GmbH., Hanau, | 61% by volume | 0.7 pm
Classic Germany
Super-Cor Micrchybrnd 3758616 Spofa Dental A 5., Markova, | 395 by volume | avreage 0.6 pm
Czech Republic
Table 2

MEAN VALUES OF Ra (um) BEFORE (1%), after 4 h (2"¥) AND AFTER 8 h (3*) OF BRUSHING SIMULATION WITH
OR WITHOUT TOOTHPASTE IN CHARISMA CLASSIC MICROHYBRID COMPOSITE SAMPLES (n=24)

CHAFISRIA CLASSIC [ I# measurement | 2°0 measurement mean | 30 measurement mean | p
Toothbrush=toothpaste | mean (=5D) pm (£5D) pm (£5D) pm

Sensitiv Acfiv + Water | 0397 (=0.347) 0333 (=0.208) 0300 (=0.338) R
Tedium + Water 0326 (=0.208) 0 3TI=0.114] 0332 (=0273) 0.0%98
Soft + Water 0304 (=0.330) 0T =135 0308 (=0.467) 0350
Sensitry Activ + Colgate | 10718 (=0.38%) 0,716 (=0.450) 0.669 (=0.31T7) TN
Total

Medium + Colgate Total | 0.815 (=0.313) 1315 =005 2046 (=1.37) 0 ooos
Soft + Colgate Total 0376 (=0.238) 1I0=100 TI07 (= 0.606) 00073
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Table 3
VALUES OF Ra (um) BEFORE (1%), after 4 h (2") AND AFTER 8 h (3'¥) OF BRUSHING SIMULATION WITH OR WITHOUT
TOOTHPASTE IN SUPER-COR MICROHYBRID COMPOSITE SAMPLES (n=24)

SUPER-COR I= measurement | 2° measurement mean | 30 measurement mean | p
Toothbrush=toothpaste | mean (=5D) pm (£5D) pm (£5D) pm

Sensitiv Activ + Water 0611 (=0.145) 0823 (=0.4eT) 086 (=0.33) 0rI7I
Medim - Water 0418 (=0.127) 030 (=0.09) 0328 (=0.294) 0287
Soft + Water e BT 02T EDTID 0319 (=0.178) 0458
Sensitiv Activ + Colgate | 0,551 (=0.2EE) 0o3T=0.94T) 0.082 (=0.369) 0 lds
Total

Medmum - Colgate Total | 0.443 (=0.193) 1.041 (z1.053) 1331 =0433) ooz
Soft + Colgate Total 0673 (=0.09) 1368 =0.1145 1355 =0119 [E]

Regarding the Super-Cor dental restoration material
(Table 3) no significant increase of surface roughness was
measured after the use of toothbrush without toothpaste.
The Sensitiv Activ toothbrush with toothpaste slurry caused
a slight, statistically significant decrease of Ra, according
to the measurements after 8 hours of brushing simulation.
Significant increases of Ra values were found after the use
of medium and soft tooth brushes with tooth paste
(Medium and Colgate Total; Soft and Colgate Total).

To test the hypothesis that various techniques and
methods of toothbrushing have no effects on surface
roughness of microhybrid resin composites, three types of
toothbrushes (sensitive activ, medium, soft) were used
with and without toothpaste. Colgate Total was the
toothpaste selected for the study because its wide range
usage. This toothpaste contains hydrated silica and an
abrasive component.

The present study revealed that there is a relationship
between the selected method of toothbrushing and the
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resulted surface roughness of microhybrid composite. The
deterioration of surfaces are not uniform, but there are
some trends which are the same for both tested restorative
materials: the surface roughness became higher
statistically significant when medium and soft toothbrushes
were used with toothpaste (Fig. 1). No other procedure
generated higher Ra values than 1um. A possible
explanation might be that during the brushing simulation
with toothpaste slurry the larger filler particles secede from
the surface of the composite sample, which is also
confirmed by the results of other studies [20, 21].

The simulation of brushing without toothpaste, in case
of all three heads with different bristle properties, showed
the lowest values of roughness which remained relatively
stable at each measurement and did not cause statistically
significant changes (Fig. 2 and 3). This finding confirm the
results of other studies where the influence of the toothbrush
in water substrate on abrasivity was not considerable, but
under the influence of toothpaste the softer toothbrush had
similar abrasion like the harder one [16, 21].

Fig. 1. SEM images of the Super-Cor
Super-Cor  microhybrid composite samples
e surfaces’ before (a) and after 8 h (b)
45", %500 tooth brushing simulation with
medium toothbrush and toothpaste

Fig. 2. SEM images of the Charisma
Classic microhybrid composite
. samples surfaces’ before (a) and
Charisma after 8 h (b) tooth brushing
;f|5"f ¥500 simulation with medium toothbrush
and without toothpaste (water)

Super—(or Fig. 3. SEM images of the Super-
. Cor microhybrid composite
45, x100 samples surfaces’ after 4 h (a) and

after 8 h (b) tooth brushing
simulation with medium
toothbrush and without toothpaste
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An other finding of the study was that despite the fact
that microhybrid composite samples were produced under
laboratory conditions by a single operator respecting
manufacturer’s instructions, the resulted specimens at
initial profilometer measurement did not show uniform Ra
values of surface roughness. All measurements made
before and after simulation exceeded 0.2um which is a
theoretical roughness threshold of intraoral hard surfaces.
According to Bollen et al. above this value, the increase of
plaque accumulation, risk of caries and periodontal
inflammation, is more prominent because the conditions
for bacterial adhesion and colonization are assured [22].
Other studies have not confirmed the role of this value in
plague accumulation and reported this phenomenon when
surface roughness was in the range of 0.7-1.44 um [23,
24].

In other studies, the Ra of restorative materials during
toothbrush simulation decreased, indicating a polishing
effect [21, 25]. The smoother surface can appear both as
a result of toothpaste usage or absence of it. A possible
explanation might be that through properties of micro filler
content no or very few filler particles have emerged. In
present study the presence of this phenomenon was not
remarkable. Although when using the toothpaste in case
of both microhybrid materials there was a slight decrease
of Ra between the second and third measurements, it was
negligible overall and did not change the fact that between
the first and final measurements the surface roughness
increased significantly. In the SEM images itis clearly visible
the decreases in Ra values, even if they are statistically not
significant, can create smoother surfaces (Fig. 2 and 3).

Under experimental conditions the resin-based
composites presented surface changes in several studies.
The surface degradation showed the wear resistance of
these dental restorative materials [26, 27]. However, in
vitro studies can provide valuable information, they do not
entirely reflect the clinical performance of composite
restorations [6, 28, 29].

In vivo studies can provide the most relevant
informations regarding the behaviour of microhybrid
composite restorations in oral cavity. An in vivo study
showed after 60 months of observation that there was no
significant difference between the mean vertical wear of
microhybrid (Z100; 77+£25um) and nanofilled (Filtek
Supreme; 84+21um) composite in Class | and Il
restorations. The wear rate was the highest in the first six
months after which the growth trend was maintained [7].
In clinical studies where the modified United States Public
Health Service (USPHS) criteria were used, after the same
period of time, 96.6% of microhybrid (Filtek Z250) and 95%
of nanofilled (Filtek Supreme XT) composite restorations
remained smooth [30], while in an other study the
roughness of microhybrid (Filtek Z250) restorations were
the second best before nanofilled (Filtek Z350) and after
nanohybrid (Esthet-X), respectively [31].

InRomanian Dental Medicine there are also other recent
invivo and in vitro experimental study, performed especially
in the fields of implantology and endodontics [32-35].

Based on the results of this study, the tested hypotheses
were rejected. The alternative hypotheses which states
that the technique and toothbrushing method have effects
on the surface roughness of microhybrid resin composites
(1)andthere is a relationship between the bristle properties
of toothbrushes and wear (2) seem to be proven. Although
the obtained results are in accordance with the findings of
similar articles, further studies with a higher number and
variety of specimens are needed in this domain.
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Conclusions

According to the results of the present study, with all
restrictions of the in vitro study design, the type of the
toothpaste has a greater impact on surface roughness of
microhybrid composites than the bristle properties of
toothbrushes. The level of wear in water substrate is not
remarkable, but if toothpaste is added substantial wear
might result even when using a soft brush. The initial Ra
level of the studied restorative materials presented a
relatively increased value of Ra which is a risk factor for
plaque accumulation. Choosing a restorative material with
a low surface roughness value and higher wear resistance
is the mostimportant in the cervical area of the teeth where
plaque accumulation affects gingival health.
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