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Abstract: To evaluate& compare the ability of different tooth brush systems on the surface abrasion of enamel
&Nano-hybrid composite.

Methods and Material: Thirty five freshly extracted, sound, human maxillary premolar teeth were collected for
this study & Class V cavities were prepared on the samples & restored with Nanohybrid composite .All the
samples were mounted, on separate acrylic bases followed by profilometric analysis. The surface roughness was
measured using the profilometer. The specimen were divided into 4 groups, wherein, Group 1(n=10) specimens
were brushed with flat ended bristles toothbrush; Group 2(n=10) brushed with zig-zag bristles tooth brush ,
Group 3 (n=10)with powered tooth brush & Group4 (n=5) was taken as control group. A commercially
available dentifrice was used throughout the study. A single specimen was brushed for 2 times daily for 2 min
period for 1 week using a customized brushing apparatus. The pre- and post-roughness value change were
analyzed and recorded & were analused using Wilcoxon ,Kruskal Wallis & Mann Whitney U test.

Results: There was no statistical significant difference seen on enamel & on composite in all the four groups
that is, all the three groups performed equally without any statistical significant difference.
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. Introduction

Resin composite restorations have begun to constitute a significant portion of dentists’ routine practice
due to patients’ great demand for an aesthetic appearance, and this is possible due to the ra[pid development of
new restorative materials, allowing their use in both anterior and posterior restorations ™.However, certain
clinical problems associated with the use of direct composite resins have been seen. Among them there is the
surface roughness of the restoration . A rough surface increases plaque retention, which may then result in
gingival inflammation, superficial staining, secondary caries, and colour change. On the contrary, smooth,
highly polished restorations have been shown to be more easily maintained than restorations with rougher
surfaces 4,

Ever since its invention, the toothbrush has played a vital role in the maintenance of oral health and
dental hygiene. The use of toothbrush with dentifrice improves the mechanical control of dental plaque.
However, if brushing of the teeth is not done judiciously, it could results in trauma to the soft tissue as well as
hard tissue of the oral cavity.®®

The performance of a composite material is also dependent upon the fillers it employs. Generally, a
composite that has smaller particles is more publishable and retains its polish better than one containing larger
particles. Also, generally a composite with a higher filler loading provides stronger mechanical properties.
Refinements in the particle size through enhanced milling and grinding techniques resulted in composites with
particles that were sub-micron, typically averaging about 0.4-1um. These materials are generally considered to
be universal composites (Nano-hybrid) as they can be used for most anterior and posterior applications based on
their combination of strength and polish ability [\

The wearing of the tooth surface caused by friction of tooth with a foreign object is called “abrasion.” Buccal
surfaces of teeth are more prone to abrasion due to overzealous brushing®. Abrasion is most commonly associated
with toothbrushing on the cervical margins of teeth. Various studies have shown that different variables influence
toothbrush abrasion. These variables include brushing technique, force of brushing, duration and frequency of
brushing, and type of brush, in particular filament stiffness.”!

There are various types of toothbrushes with different bristle design available in the market. Depending
on the diameter of the bristles, toothbrushes have been categorized as soft (0.2 mm), medium (0.3 mm) and hard
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(0.4 mm).®M In general, toothbrush bristles vary in size and design as well as in length, hardness and
arrangement. The stiffness of bristles varies based upon its diameter, length, number of filaments in a tuft, and
curvature of filaments.*?

Numerous studies have reported on the abrasion of composite resins ***% Most of these studies
evaluated the induced surface roughness with profilometers, as surface roughness has been used as a criterion to
assess and predict the deterioration of restorations of different material types ™. The most commonly used
parameter to describe surface roughness is Ra, which is the arithmetic mean of vertical departure of a profile
from the mean line ™71,

Although the surface finish of composites has been widely investigated both in vitro and in vivo™®,
information about the quality of surface finish from different polishing systems & different toothbrushes on the
surface roughness of Nano-hybrid composite resin is scarce and limited.

Therefore, the purpose of this in vitro study is to investigate the influence of different toothbrush
systems on the surface roughness of enamel & Nano-hybrid composite resin.

I1. Materials & methodology

Study was conducted in the Department of Conservative dentistry and Endodontics, K.M.Shah Dental
College, after ethical clearance. Total 35 sound permanent maxillary 1%premolars were collected from Dept of
Oral and Maxillofacial Surgery, KMSDCH. All samples were cleaned by using ultrasonic scaler. All teeth were
examined to assure the absence of cracks or defects & stored in 0.5% chloramine T. All the teeth were prepared
with Class V cavities with a no 329 cylindrical fissure bur under water spray. The gingival margin of the cavity
were 1 mm above the cementoenamel junction (CEJ). The cavity dimensions were 3mm in length, 3mm in
width and 1.5 mm in depth. The self etch 3M Scotchbond etchant was applied for 15 seconds using applicator
tip. The tooth was rinsed and the excess water was blotted leaving the tooth moist. Using a fully saturated
brush tip for each coat, 2 consecutive coats was applied of Single Bond adhesive to enamel and dentin The
bonding agent was dried for 2-5 seconds and light cured for 10 secs. Cavity was filled using a single increment
of the nanohybrid composite (Filtek Z250 XT, 3M ESPE, USA), a preselected transparent matrix (KERR) was
applied over the restoration and cured for 20 secs using the continuous curing cycle (800mW/cm2). The labial
surface was selected and subjected to toothbrushing cycle.
Toothbrushing model:-
A custom made brushing apparatus was constructed. The brushing apparatus was designed to deliver uniform
force and uniform unidirectional motion to the tooth surface. This customized brushing apparatus consists of
the following parts:
=  Motor: To deliver a uniform force and move toothbrush.
= Handle: To which toothbrush can be attached.
= Base: To support the whole apparatus.

The specimens were then mounted, on separate acrylic bases. The acrylic was allowed to dry
completely. Three different commercially available toothbrushes with different bristle orientations (flat trim,
zig-zag and bi-level) was used in the study. Toothbrushes were mounted on the brushing apparatus and fixed
firmly, so that there was no lateral movement during brushing. The apparatus was so designed that it will
facilitate easy replacement of one type of toothbrush with another. The mounted specimens were firmly fixed in
position during brushing. The mounted specimens were divided into four groups:

e Group 1:- specimens will be brushed with flat trim bristle design

e Group 2:- specimens will be brushed with zig- zag pattern

e  Group 3:- specimens will be brushed with mechanized powered toothbrush
e Group 4:- control group- no toothbrushing cycle was carried out

The brushing regimen was carried out. Single specimen was brushed for 2 min period, twice daily, for
1 week& one week period is used for the standardization. After the brushing regimen was over, the surface
roughness of all the 35 mounted specimens were calculated using profilometer. Profilometric analysis of all the
samples was carried out before & after toothbrushing cyle.
Profilometric analysis:-

Surface roughness test was performed with a contact profilometer (perthometer, mitutoyo ,Sj-201p). It
had a diamond tip stylus with tip diameter 2um. Three successive measurements in different directions was
recorded for all specimens in each group, and the average surface roughness (Ra) value was obtained.

I11. Observations & Results
In group 1, group 2 & group 4, there was no statistical significant difference seen between the surface
abrasion on enamel & on composite before & after the toothbrushing cycle whereas group 3 showed statistical
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significant difference between the surface abrasion on enamel & on composite before & after the toothbrushing
cycle.
Table 1: Wilcoxon Signed Rank test

Groups On enamel On Composite
P value Group 1 .333 .386

Group 2 .386 .386

Group 3 .646 114

When inter group comparison was done using Mann Whitney U test it was seen that, there was no
statistical significant difference found when all the groups were compared.

Table 2: Intergroup comparison using Mann Whitney U Test

IVV. Discussion

Groups On enamel On composite
1-4 391 A11
1-2 427 570
p- value 1-3 762 .096
2-3 .545 130
2-4 221 .050
3-4 .540 .806

Abrasive wear arises when a hard, rough surface slides against a softer one, digs into it, plows a series
of grooves, and causes material loss in the form of loose fragments. The speed with which the material is cut
away depends on the shape, hardness, and size of the abrasive particles, as well as on the speed of the movement
& the pressure applied.

Numerous toothbrushes of various designs and specifications are available today for the removal of
bacterial plaque and food debris. For the most part, the choice of a toothbrush is a personal decision based on
individual preferences. There are various designs of toothbrushes available in Indian market, and over decades
they have undergone technical modifications also but still there is no data available equivocally that one design
is better than the other. Simultaneously, the injudicious use of these toothbrushes can cause trauma and
mechanical wear of the tooth surface. *°Various types of toothbrushes available in the market keep the buyer in a
state of dilemma as to which one to choose, due to lack of information about the “quality” of it. Various
epidemiological surveys conducted in Indian population have shown that a greater proportion of Indian
population use medium to hard toothbrush.*#*%*

The authors are of the opinion that the lack of knowledge and awareness regarding the correct selection
might be the cause for the majority of them to select incorrect toothbrush without knowing the adverse
outcomes. Various studies have shown that medium and hard toothbrushes cause higher proportion of abrasions
compared with soft toothbrushes. The surface abrasion can be evaluated using a profilometer. **

Various studies have used profilometric analysis to evaluate change in surface roughness. The Ra of a
specimen is the arithmetic average height of roughness component irregularities from the mean line measured
within the sampling length. The recordings of profilometer were made by placing the tip of the profilometer at
the center of composite restoration of each mounted specimen which was embedded in acrylic base. 2"

Various studies have shown that different variables influence toothbrush abrasion. These variables
include brushing technique, force of brushing, duration and frequency of brushing, and type of brush, in
particular filament stiffness. In the present study the brushing technique, brushing force, duration and frequency
of brushing were kept constant by construction of a customized brushing apparatus that helped to deliver
uniform force. Various studies have recommended the use of customized brushing apparatus to assess the role of
toothbrush and toothpaste in abrasion process. ***

Most cyclic models used an alternating treatment with equal numbers of erosive and abrasive
challenges, which means that each erosive challenge is followed by brushing, irrespective of the waiting period
applied. Only a few in vitro studies used a different setup, in which the samples were subjected to 6 erosive
challenges but only 2 brushing cycles/day ***** In addition, three in situ studies modified the alternating
treatments in such a way that fewer abrasive than erosive challenges were performed each *. This approach
might reflect the clinical situation better, as most people brush their teeth twice daily rather than after each
contact with erosive foods or beverages®. Hence, in the present study, all the samples were brushed twice daily
for 7 days.

In this study, the surface abrasivity produced on the mounted enamel specimen produced by three
different toothbrush bristle design was evaluated. The bristle diameters for all the three designs of toothbrushes
were same (medium) and in order to minimize differences, toothbrushes of same company (Oral-B) were
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selected. In order to minimize surface abrasivity caused by use of different dentifrices, standardized dentifrice
was used in all cases. *’

Dentifrices have been used in conjunction with toothbrushes since a long time. The use of toothbrush
with dentifrice improves the mechanical control of dental plaque. Various studies have found that some degree
of abrasivity is needed in toothpaste if satisfactory cleaning of the teeth is to be achieved. On the contrary, some
studies have found that toothpaste does not have any contributing effect in the mechanical plaque removal.
Besides, regular tooth brushing with dentifrices has been considered an etiological factor in gingival recession
and tooth wear as reported by various studies.

The results of current study showed that surface abrasion was produced on each specimen, in all the
three groups, which were subjected to brushing cycle. & it was found that there was no statistical significant
difference was seen when all the four groups were compared. The results of the present study were in
accordance with the study conducted by Hine, & it was found that there was no differences between different
toothbrush bristle designs®’. The results were also in accordance to the findings of Sripriya and Shaik Hyder Ali
wherein their study, they found that that there is no single superior design of manual toothbrush. Though minor
and some site differences in favor of the brushes were seen, they were not statistically significant differences
observed™.

Irrespective of type of bristle design, surface abrasion was produced in all the three groups. However,
the flat trim bristle design was found to be relatively safe compared to other designs. Toothbrush design,
brushing frequency, brushing pressure and abrasivity of dentifrice, all affect the degree of cervical abrasion
observed among individuals. However, in this study only the bristle design was evaluated by keeping other
factors constant. This type of, in vitro study, helps in evaluating surface abrasion caused due to different bristle
design before planning expensive and time consuming clinical trials.

Unlike other studies conducted by Dyer et al., FV Teche et al.?’, in which dental acrylic were used to
assess abrasion, the present study had the advantage of using mounted specimens with buccal surface brushed
with automated brushing machine. It is believed that there are differences in wear of enamel and dentin and
enamel being the first layer of tooth are exposed first to tooth brushing. Thus, enamel needs to be protected.
Therefore, the study findings will better demonstrate the role of toothbrush and toothpaste in abrasion process.
The study used an especially constructed automated brushing apparatus and every care was taken that the
tension was adjusted periodically so that the machine delivered uniform force.

However, this in vitro study had certain limitations. One of the factors that could be of much
importance in methodological resemblance of the dental abrasion in vitro researches to its really occurring
situation inside the mouth is the simulation of continuous washing action of the saliva and its remineralizing
protective effects over the worn surfaces of teeth. Few in vitro studies have been conducted assessing the role of
saliva in abrasion and it was concluded that the abrasion was significantly lowered if saliva was used as a
medium. In the present study, the effect of saliva and its role in prevention of abrasion was not taken into
consideration. Saliva is essential for a lifelong conservation of the dentition.* Previous studies carried out by
Kumar et al., Hila Hajizadeh et al., Zuryati et al., Kaur and Nandlal have evaluated abrasion produced on dental
materials but these studies also had the limitation that the plausible role of saliva in abrasion process was not
evaluated."**"*

Abrasion is of multifactorial etiology and numerous factors affect the abrasion process & there are still
probabilities that numerous other factors may directly or indirectly influence abrasion process. This in vitro
study was performed for a short duration; hence, the role of toothbrush and toothpaste for long term use cannot
be documented. Moreover, the study did not take into consideration the abrasive nature of toothpastes. Thus,
further studies with varying abrasive nature of dentifrices is recommended to assess variation in abrasion
process with varying abrasivity of dentifrices. Considering the limitations of in vitro studies, further research
supported by in vivo studies need to be conducted before the results can be generalized.

V. Conclusion
Thus, from the results of the present study it can be concluded that all the tooth brush designs
performed equally in causing tooth surface abrasion. However, further long-term longitudinal and clinical
studies are needed to clarify the relationship of the different designs of toothbrush bristles and soft- and hard-
tissue abrasion.
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