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In Vitro Study of the Artificial Plaque Removal Effect by
Use of 360 Degree Round Head Toothbrush
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Objective: Artificial plaque removal effect was checked after development of new design as 360 degree round head
toothbrush.
Methods: Lux360 Molar toothbrush was selected for experimental group and the plane toothbrush with similar bristle size
for the control. Toothbrushing for 5 times was done by use of the automatic toothbrushing machine for back and forth movement equipped with the toothbrush head on the test unit. The plaque removal effect was checked by estimation of the image
for remnant color area by use of the image analysis of the computer program and compared the rate of the remnant area of
the disclosing agent.
Results: Artificial plaque removal effects were more in experimental group than those of the control group, both at anterior
and posterior areas (p＜0.05), except in the area with the orthodontic bracket adapted model (p＞0.05). By brushing with
horizontal or vertical movement.
Conclusion: Degree of 360 round head toothbrush was effective for plaque removal in vitro experiment and recommended
to use for cleansing the tooth surface.
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Introduction

[1]. Now a days, it would be changed the concept of the design
of toothbrush according to the various types of the dental patients with varies oral states [2]. For examples, it should be different for recommendation of the toothbrush according to such
states of the dental patients as periodontal problem, orthodontic
or prosthodontic appliance, hypersensitive tooth, oral malodor
and patient age different [3].
The aims of the toothbrushing are known as to eliminate the
dental plaque and to perform the gingival massage effectively
[4]. Moreover, it was suggested the additional goals for toothbrushing has been introduced as to diminish the oral malodor
through the cleansing oral cavity by elimination of oral deposits
or micro food debris and decreasing the tongue-plaque on .the
back area of the dorsum of the tongue [5].

In general, the necessary design for recommendation to everyone on toothbrush is known as the plane brush head with the
medium textile of the bristle and straight handle. In traditional
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In order to eliminate the dental plaque for various types of
dental patients, several types of designed toothbrushes had been
developed and sold in recent years [6]. A wheel and cylinder typed head of the toothbrush was devised and introduced for specific dental patient as who need for special plaque control at the
proximal area, early gingivitis or who had an orthodontic
appliance. This study was performed for proving the elimination of the dental plaque more than using the other typed
toothbrush in vitro study, by use of the automatic toothbrushing
machine [7].

Materials and Methods
1. Materials
Viva-tech Soft toothbrush, brand name of LUX360 Soft (One
Star International Co., Incheon, Korea) as a plain typed toothbrush was used for control group and 360 Degree round head
toothbrush as a wheel shaped cylinder typed toothbrush as
LUX360 Functional (One Star International Co.) was used for
experimental group (Figure 1).

molar as #34 for buccal surface and posterior tooth as #46 for
occlusal surface were selected for checking the plaque removal
rate after tooth brushing for 5 times vertical movement.
Plaque removal rate was calculated by considering the
amounts of the artificial plaque remnant, according to use the
toothbrush head type and compared between the control and the
experimental group.
The artificial plaque removal rate was calculated as the following equation as considering the remnant rate of the plaque
after tooth brushing, checked on the photo graphics of the tooth
model [7] (Figure 3).
Equation: 100−the remnant rate (%) of the artificial plaque=
removal rate of the plaque (%)
IBM SPSS ver. 23.0 program (IBM Co., Armonk, NY, USA)
was used for analysis of the data and paired t-test was done for
the difference between the control and the experimental group
because it was applied with 2 types of toothbrushes at the same
artificial dental model.

2. Method
Horizontal scrub and vertical movement of tooth brushing
were performed by use of automatic tooth brushing machine,
with 200 g of weight and move 5 cm distance in back and forth
movement, with equipped the head of toothbrush, both in control and experimental group, in turn, and brush out the artificial
dental plaque on the resin dental model with coating the artificial disclosing agent as Arti-spot (BK 288; Bausch Co., Berlin,
Germany) for 5 times movement at one spot (Figure 2). The removal rate of the artificial dental plaque was checked through
taking the photo with high resolution camera (Canon EOS
750D; Canon Inc., Tokyo, Japan) and analyzed the removal rate
of the artificial plaque by use of Adobe Photoshop CS6 program
(Adobe System Co., San Jose, CA, USA), at the site of the labial
surface of the anterior teeth (#11,12,13) and buccal side of posterior teeth (#34,35,36). And, occlusal surface of the posterior
teeth (#44,45,46) for horizontal movement.
Ten samples were prepared and experimented for 10 times
both in the control and experimental group, at each site of the
model.
One of the upper anterior tooth as #12 for labial surface, pre-

Figure 1. LUX360 toothbrush.
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Figure 2. The automatic toothbrushing machine.
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Table 1. Artificial plaque removal rate by use of horizontal movement
of toothbrushing (unit: %)
Area
Labial. Ant.
Buccal. Post.
Occ. Post.
Bracket. Ant.
Figure 3. Image analysis of the computer program (Adobe Photoshop CS6).

Results
1. Artificial plaque removal rate by use of
horizontal movement of toothbrushing
The removal rate of the artificial plaque was estimated as
79.41%±5.28% at the labial surface of the anterior teeth in experimental group, 69.37%±7.93% of removal rate at the buccal
surface of posterior teeth, and 80.96%±13.11% of the occlusal
surface of the posterior teeth in experimental group, as more
than in control group (p<0.05).
But in samples for bracket applied cases, it revealed a little
bit more in plaque removal rate in the control group as 71.97%±
9.32% than in experimental group as 67.17%±9.64%. There
was no significant different between two groups (p>0.05),
shown in Table 1.

2. Artificial plaque removal rate by use of vertical
movement of toothbrushing
It revealed that 79.08%±8.09%, of the removal rate of the
dental plaque was shown at the labial surface of the anterior
teeth in case of the vertical method of the toothbrushing, and
80.34%±8.87% of the removal rate at the posterior teeth and
they were more than those of the removal rate in control group
(p<0.05). Although the removal rate of the dental plaque at the
occlusal surface was more in experimental group than in control
but there was no significantly different statistically (p>0.05),
shown in Table 2.

Discussion
Toothbrush is classified as a kind of the industrial products
and controlled by the Quality Control of Industrial Product Act
and standardization [3]. In general, toothbrush is important for
head size, bristle elasticity and the shape for each dental patient

Group

Value

p-value

Exp. (n=10)
Cont. (n=10)
Exp. (n=10)
Cont. (n=10)
Exp. (n=10)
Cont. (n=10)
Exp. (n=10)
Cont. (n=10)

79.41±5.28
35.76±20.61
69.37±7.93
41.9±15.55
80.96±13.11
42.24±10.77
67.17±9.64
71.97±9.32

0.000*
0.000*
0.000*
0.226

Values are presented as mean±standard deviation. p-value estimated
by Mann-Whitney U-test. Labial.: labial surface, Ant.: anterior, Buccal.:
buccal surface, Post.: posterior, Occ.: occlusal surface, Bracket.: bracket
surface, Exp.: experimental group by use of LUX360 toothbrush, Cont.:
control group by use of Lux soft plain toothbrush. *p＜0.01 by
Mann-Whitney U-test between experimental group and control group.

Table 2. Artificial plaque removal rate by use of vertical movement of
toothbrushing (unit: %)
Area
Labial. Ant.
Buccal. Post.
Occ. Post.

Group

Value

p-value

Exp. (n=10)
Cont. (n=10)
Exp. (n=10)
Cont. (n=10)
Exp. (n=10)
Cont. (n=10)

79.08±8.09
14.45±5.36
80.34±8.87
45.86±26.64
75.35±6.90
64.90±16.08

0.000**
0.016*
0.082

Values are presented as mean±standard deviation. p-value estimated
by Mann Whitney U-test. Labial.: labial surface, Ant.: anterior, Buccal.:
buccal surface, Post.: posterior, Occ.: occlusal surface, Exp.: experimental
group by use of LUX360 toothbrush, Cont.: control group by use of Lux
soft plain toothbrush. *p＜0.05 by Mann Whitney U-test between
before and after. **p＜0.01 by Mann Whitney U-test between before
and after.

for selecting the proper toothbrush [4]. About 2 to 3 cm of the
head size is recommended for adults and 1 to 2 cm for child with
the plain bristle plane and middle elasticity for filament [5] Most
of the head shape of the toothbrush is designed as rectangular
type or oval typed for easy use for brushing.traditional.ly. Short
cylinder and wheel typed toothbrush was developed in recent
years, in order to increase the plaque removal effect on the teeth
[8]. Before clinical test, in vitro study was performed how this
style toothbrush could remove out the artificial plaque effectively from the tooth model, by horizontal movement or vertical
movement of the toothbrushing, by use or the automatic bac and
forth movement with one time per a second, with about 200 g
of the weight. The amounts of the plaque remnant were examined by use of the image analysis computer program and calcu-
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late the removal area of the artificial plaque on the tooth surface
after 5 times’ toothbrushing movement by brushing machine.
From the results, the amounts of the remnant plaque were
more in control group than in experimental group as more effective for artificial plaque removal in experimental group than in
control at all sites of the dental model, except on the surface with
orthodontic bracket adaptation, shown in Table 1. The removal
rate of the artificial plaque was estimated as 79.41%±5.28% at
the labial surface of the anterior teeth in experimental group,
69.37%±7.93% of removal rate at the buccal surface of posterior teeth, and 80.96%±13.11% of the occlusal surface of the posterior teeth in experimental group, as more than in control group
(p<0.05). That was considered as because of the well cleansing
at the detailed area as interdental area as the similar shaped with
the interdental brush, when toothbrushing with the horizontal
movement, at both of labial surface of the anterior teeth and buccal surface of posterior teeth, moreover at the occlusal surface
of the posterior teeth as the better access for the brush tip along
to the central grooves of the posterior teeth [9,10].
Otherwise, in samples for bracket applied cases, it revealed
a little bit more in plaque removal rate in the control group as
71.97%±9.32% than in experimental group as 67.17%±9.64%.
There was no significant different between two groups (p>
0.05). It was estimated that not so much effective for bracket
appliance adapted tooth surface to clean the plaque by use of
both in experimental toothbrush and the control. It was not because the problems for toothbrush head shape, but cause for the
complexity of the tooth surface on orthodontic dental patient,
and they got high risk for the caries prevalence during the bracket adaption, for several years. So, it was recommended more
special treatment of preventive programs for orthodontic dental
patient, who had a long term keeping the complex appliance at
ones teeth [11].
Through the vertical movement for toothbrushing, it revealed that 79.08%±8.09%,of the removal rate of the dental plaque was shown at the labial surface of the anterior teeth, and
80.34%±8.87% of the removal rate at the posterior teeth and
they were more than those of the removal rate in control group
(p<0.05). It might be due to the more cleansing at the proximal
areas for individual, with newly developed and designed toothbrush like an interdental brush shaped, as 360 degree rounded
type as they haven’t used before, and it might be contributed to
decrease the plaque index in this clinical experiment [6]. But
it needed the more studies to reveal the relationship between the
head type of the toothbrush and the plaque removal effect, at
many area of the tooth surfaces.
Although the removal rate of the dental plaque at the occlusal
surface was more in experimental group than in control but there
was no significantly different statistically (p>0.05). It was con-
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sidered that the grooves for all posterior teeth were arranged
uniformly and easy for cleansing the groove by horizontal
movement but not easy for vertical movement. So, it revealed
no significant different between two groups by vertical movement of tooth brushing. Anyway, it was certain that 360 degree
round shaped head toothbrush was more effective for plaque
cleansing at the proximal area, both in horizontal and vertical
movement of toothbrushing. It should be considered and need
for more study for the design and the hardness of the bristle even
though it has been favorite choice of the soft bristle toothbrushes
rather than the medium elasticity and plane shaped head shape
for Koreans [12].

Conclusion
The authors have experimented in order to calculate and to
compare for the artificial plaque removal effect between using
of the plain typed toothbrush as LUX soft for control group and
using 360 degree round head toothbrush.
As the wheel shaped cylinder typed toothbrush as LUX360
Functional for the experimental group, by use of the automatic
toothbrushing machine and the dental model. The removal rate
for the artificial plaque was checked through taking photos of
the teeth with stained with the disclosing agent on the tooth surface with the artificial plaque and analyze the square of the discolored area by use of the image analysis program of the
computer. The obtained results were as followings.
It revealed more removal effect for the artificial plaque on
horizontal method of the toothbrushing in experimental group
than in control, at labial surface of the anterior teeth, buccal surface and occlusal surface of the posterior teeth (p<0.05).
Plaque removal effect was a little bit more in experimental
group on the dental model with orthodontic appliance than in
control group when brushing with the horizontal movement,
but there was no significantly different in statistical (p>0.05).
It revealed more for the plaque removal effect in experimental group than in control, when brushing with the vertical method, at the model of the labial surface of anterior teeth
and buccal surface of the posterior teeth (p<0.05), otherwise a
little bit more for the removal rate of the artificial plaque, but
no different in statistical on the occlusal surface of the posterior
teeth (p>0.05).
It was recommended to use the wheel shaped cylinder typed
toothbrush as LUX360 Functional, for the purpose of the increase the plaque removal effect in clinical, because of well
cleansing in detail of the oral cavity, but it needed for further
clinical study to prove it in the future.
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