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In Vitro Study on the Artificial Plaque Removal Effect by
Use of 360 Degree Rotating Head with Sonic Tooth-Brush
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Objective: The authors have experimented for the artificial plaque removal effect of several kinds of 360 degree rotating
head typed tooth-brushes with sonic vibratory actioned by using of automatic machine for horizontal scrub method in order
to find the better toothbrush type for plaque removal.
Methods: The experiment was conducted on three medium to 360 degree rotating head toothbrushes, a medium sized toothbrush and a medium sized toothbrush, and a flat toothbrush consisting of 30 ordinary toothbrushes. A brushing machine
with horizontal scrubbing was manufactured and had variations of the end of the bristle attached to or near the surface of the
teeth, a vibrating wave action force of 16,000 or 18,000 cycles per minute, and a working time of 2 or 3 minutes. The tooth
removal effect was confirmed by scanning and analyzing images with a computer program after automatic brushing with the
machine. The elimination rate results for each group were analyzed using the independent t-test and one-way ANOVA test.
Results: It revealed the most in removal effect for the artificial plaque in such conditions as action at near the tooth surface
with 18,000 cycle for 3 minutes in case of using A, B, and C tooth-brush. And it has more removal effect rate than for using
the plane tooth-brush (p＜0.05).
Conclusion: It was recommended to develop the 360 degree rotating head and vibratory toothbrush focusing to use near the
tooth surface with 18,000 cycles of vibration for 3 minutes at one site of the teeth area.
Keywords: toothbrush, tooth-brushing, plaque removal, vibratory tooth-brush, sonic toothbrush

Introduction
In recent years, many types of toothbrushes have been developed and produced in order to remove the dental plaque effectively and to get the gingival massage [1]. It has been important to remove dental plaque from the tooth surface or
proximal or cervical area of the tooth surface because of the
concept that the most of the oral diseases as dental caries or periodontal disease would be occurred from the dental plaque
[2]. Moreover, gingival massage would be important to promote the gingival health through increasing the keratinization
of the epithelial cell and activation of the capillary blood ves-
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sel at the gingival tissue [3].
Kim et al. [4] have reported about the plaque removal effect
and gingival effect by use of 360 degree rotating head toothbrush and it would be comparatively more effect than using of
the routine toothbrush through both in experimental study and
the clinical study, especially for the special portions as orthodontic wire equipped patient or implant dental patient due to
the accurate cleansing at certain point.
Sonic power has been introduced for many years to increase
the elimination of the dental plaque from the tooth surface as
the similar effect with the ultrasonic scaler instrument and
used it to the toothbrush for increasing the plaque removal
with the sonic toothbrush [5,6].
In this study, the experiment would be focused on the selection of the best type of toothbrush among several types of
360 degree rotating head and sonic vibratory toothbrush as
regular sized, or big sized and soft bristle or medium hardness
bristle, in vitro study.

Materials and Methods
1. Materials
Three kinds of 360 degree rotating head and sonic action
toothbrush and 1 type of the plane toothbrush for the control
group were selected in this study and 30 toothbrushes were
prepared for each group for this experiment.

Three types of the experimental group toothbrushes for 360
degree rotating head and sonic acting toothbrush (Megaten
Character Sonic LTD, One Star International Co., Incheon,
Korea) were selected as the following conditions.
Type A toothbrush (experiment group): 13.7 mm of the diameter for tooth-brush head as small sized with 0.07 mm of the
bristle diameter size as soft hardness.
Type B toothbrush (experiment group): 14.3 mm of the diameter for tooth-brush head as the medium sized with 0.09
mm of the bristle diameter size as medium hardness.
Type C toothbrush (experiment group): 13.7 mm of the diameter for toothbrush head as small sized with 0.09mm of the
bristle diameter size as medium hardness.
Type D toothbrush (control group): plane typed with sonic
vibratory acting toothbrush with 7.2 mm of head size and 0.1
mm of the bristle diameter as slight hard elasticity.
The 3 types of 360 degree rotating head toothbrushes with
sonic acting and plane typed toothbrush with sonic acting
were shown in Figure 1.
Total 570 toothbrushes with 4 types head and 2 types of the
location point of the sonic toothbrush tip, 2 types of sonic
power and 2 types of acting time were prepared and distributed as shown in Table 1.

2. Method
Institutional Review Board (IRB) for the permission of the
experiment was achieved from the Scientific Institute at

Figure 1. Three types of 360 degree rotating head with sonic action toothbrush head and plane typed vibratory acting toothbrush for the control
group. A: (Type A toothbrush)=360 degree rotating toothbrush head 1 (toothbrush diameter: 13.7 mm, bristle diameter: 0.07 mm). B: (Type
B toothbrush)=360 degree rotating toothbrush head 2 (toothbrush diameter: 14.3 mm, bristle diameter: 0.09 mm). C: (Type C
toothbrush)=360 degree rotating toothbrush head 3 (toothbrush diameter: 13.7 mm, bristle diameter: 0.09 mm). D: (Type D
toothbrush)=plane typed toothbrush head (toothbrush diameter: 7.2 mm bristle bristle diameter: 0.10 mm).

www.ijcpd.org

229

International Journal of Clinical Preventive Dentistry

Table 1. Sample distribution according to the toothbrush type and the conditions
Factor
A

Experiment 1
Experiment 2
Experiment 3

B

Experiment 1
Experiment 2
Experiment 3

C

Experiment 1
Experiment 2
Experiment 3

D

Group

Number

Tip insertion

Sonic power

Time (s)

A-1-1
A-1-2
A-2-1
A-2-2
A-3-1
A-3-2
B-1-1
B-1-2
B-2-1
B-2-2
B-3-1
B-3-2
C-1-1
C-1-2
C-2-1
C-2-2
C-3-1
C-3-2
D-1-1

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Surface
2 mm near
2 mm near
2 mm near
2 mm near
2 mm near
Surface
2 mm near
2 mm near
2 mm near
2 mm near
2 mm near
Surface
2 mm near
2 mm near
2 mm near
2 mm near
2 mm near
2 mm near

18,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
18,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
18,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
16,000 VPM
18,000 VPM
18,000 VPM

9
9
9
9
6
9
9
9
9
9
6
9
9
9
9
9
6
9
9

VPM: vibration per minute.

Dankook university, because it needed for two extracted premolar teeth from the orthodontic dental patient, as IRB number as 2018-07-017.
The dental form model was produced by use of extracted
premolar on the dental stone model, in order to check the plaque removal effect after coating with the artificial plaque and
plaque dying with the disclosing agent.
The artificial plaque was cleaned on the automatic toothbrushing machine which was made by hand-made for horizontal scrub movement, equipped with 4 types sonic toothbrush head, as the following conditions for 30 samples per
each group.
Experiment 1: Under the same condition, we experimented
two groups: with the surface and with 2 mm away from the
surface.
Experiment 2: Under the same condition, we experimented
two groups: with the 16,000 vibration per minute (VPM) and
with 18,000 VPM of sonic power.
Experiment 3: Under the same condition, we experimented
two groups: with the 6 seconds and with 9 seconds of time for
brushing.
Above experiments were performed on three toothbrushes
in each group identically.
Based on the results of the above experiment, the same experiment was conducted in the control group based on the conditions with the highest removal rate of the artificial plaque.
Two extracted teeth were fixed in the dental model coated
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Figure 2. Extracted tooth molding.

with the artificial plaque and painted with the disclosing agent
through the use of Arti-spray (BK 288; Bausch Co., Berlin,
Germany) shown in Figure 2 and 3.
Sonic vibratory action was turned on after equipping the
dental model on the automatic tooth-brushing machine with
16,000 VPM or 18,000 VPM and for 6 or 9 seconds locating
the toothbrush tip at the tooth surface or near the tooth surface,
as the planned conditions, shown in Figure 4.
Tooth-brushing with sonic vibration was performed for all
samples one by one and taking photo with DSLR camera at the
same distance after partially elimination of the artificial plaque with the disclosing agent on the tooth surface, shown in
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Figure 3. Painting Arti-spray on the plaque.

Figure 5. Tooth-brushing experiment with sonic vibration.

Figure 4. Sonic vibration unit for experiment.

Figure 6. After elimination of artificial plaque.

Figure 5 and 6.
The image analysis was done by use of Adobe Photoshop
CS6 program and measured the remained space of the artificial dental plaque after tooth-brushing. The estimation of the
removal rate of the artificial dental plaque was calculated automatically through the computer program as the estimated ratio of the residual space from the total space as the following
equation.
100%–residual rate of the artificial plaque (%)=removal
rate (%)
The removal rate (%) was calculated and compared each
group. The data analysis was done by IBM SPSS ver. 19.0 program (IBM Co., Armonk, NY, USA) as the independent two

sample t-test for the comparison of the removal rate under the
different conditions, and one way ANOVA test in Turkey test
for comparison of the removal rate according to the toothbrush
head type.

Results
The removal rate of the artificial plaque by using of the type
A toothbrush head was showed in Table 2. It revealed that the
brush tip inserted at 2 mm near the tooth surface has more removal effect in the group than at the tooth surface, on vibratory action (p<0.05). Also there is more effective using
with 18,000 VPM of the cycle for the vibratory action than
www.ijcpd.org
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Table 2. Artificial plaque removal rate by use of the type A tooth-brush
head
Variable

Group

Brush tip
insertion
Vibratory cycle

Tooth surface
2 mm near
16,000 VPM
18,000 VPM
2 min (6 s)
3 min (9 s)

Acting time

NumRemoval rate (%) p-valuea
ber
30
30
30
30
30
30

37.92±9.81
69.76±8.69
52.94±7.04
69.76±8.69
49.68±14.88
69.76±8.69

Table 4. Artificial plaque removal rate by use of the type C tooth-brush
head
Variable

Group

0.00**

Brush tip
insertion
Vibratory cycle

0.00**

Acting time

Tooth surface
2 mm near
16,000 VPM
18,000 VPM
2 min (6 s)
3 min (9 s)

0.00**

NumRemoval rate (%) p-valuea
ber
30
30
30
30
30
30

42.51±9.84
64.32±5.78
64.86±6.35
64.32±5.78
61.99±5.69
64.32±5.78

0.00**
0.73
0.12

Values are presented as number only or mean±standard deviation.
a
VPM: vibration per minute. p-value estimated by independent two
sample t-test. **p＜0.01.

Values are presented as number only or mean±standard deviation.
a
VPM: vibration per minute. p-value estimated by independent two
sample t-test. **p＜0.01.

Table 3. Artificial plaque removal rate by use of the type B tooth-brush
head

Table 5. The comparison of the data for the removal rate according to
use of each type of toothbrush

Variable

Group

Brush tip
insertion
Vibratory cycle

Tooth surface
2 mm near
16,000 VPM
18,000 VPM
2 min (6 s)
3 min (9 s)

Acting time

Numa
Removal rate (%) p-value
ber
30
30
30
30
30
30

34.16±9.10
71.11±4.74
70.25±5.99
71.11±4.74
66.87±6.90
71.11±4.74

0.00**
0.54
0.007**

Values are presented as number only or mean±standard deviation.
a
VPM: vibration per minute. p-value estimated by independent two
sample t-test. *p＜0.05, **p＜0.01.

with 16,000 VPM cycle (p<0.05). And more effect for 9 seconds action than in 6 seconds vibratory action (p<0.05).
The removal rate of the artificial plaque by using of the type
B toothbrush head was showed in Table 3. It revealed that the
group with the brush tip at 2 mm near the tooth surface for artificial plaque with sonic vibratory action has more removal rate
than at the tooth surface (p<0.05). But there was no significantly different for the removal rate of the artificial plaque
between using different cycle of the vibratory action as 16,000
VPM and 18,000 VPM (p>0.05). Otherwise there is significant difference between the group with 6 seconds action
and 9 seconds (p<0.05).
The removal rate of the artificial plaque by using of the type
C toothbrush head was showed in Table 4. It revealed that the
location of the brush tip insertion between at the tooth surface
and 2 mm near the tooth surface has more effect for the removal rate of the artificial plaque (p<0.05), as more effect at 2
mm near the tooth surface than at the tooth surface directly.
But no significantly different according to the either condition
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Group brush
head

Number

Removal
rate (%)

A
B
C
Control

30
30
30
30

69.76±8.69b
71.11±4.74b
64.32±5.78b
41.85±17.44a

p-valuea
0.000

Values are presented as number only or mean±standard deviation.
abc: The same letter indicates no significant difference by Tukey test at
a
=0.05, VPM: vibration per minute. p-value estimated by One-way
ANOVA test (p＜0.05).

as vibratory action cycle or sonic power action time (p>0.05).
The comparison of the data for the removal rate according
to using of each type of toothbrush was shown in Table 5.
There was significantly different statistically for the removal rate of the artificial plaque according to the head size
and bristle hardness, and more effect for the removal rate for
using 360 degree rotating head and sonic vibratory acting head
toothbrush than using the plane toothbrush head type (p<
0.05), under such condition as locating the bristle tip at the 2
mm distance as near the tooth surface, with 18,000 VPM cycle
and acting for 9 seconds, by estimate as the more effective effect from the former experiments.

Discussion
The aims of the tooth-brushing are cleansing the teeth surface by eliminating the dental plaque at the tooth surface and
promoting the gingival health by gingival massage to increase
the keratinization of the epithelial cells and capillary blood
flow [2,3]. In order to achieve the goals for tooth-brushing,
many kinds and types of the tooth-brushes have been designed
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and produced in the world [7].
In recent years, 360 degree rotating head toothbrush has
been developed in order to clean the proximal areas and gingival sulcus areas where had been the one of the important
causative area for dental caries or periodontal disease [8].
Moreover, the sonic action by electric power has been added
on this tooth-brush function in recent years, for enhancing the
plaque removal effect and gingival massage function [9]. So
this experiment has designed to know the different effects under the different conditions for tooth-brushing with these several kinds of 360 degreed rotating head and sonic toothbrushes.
By using several types of 360 degrees rotating head and
sonic toothbrushes, Table 2 showed that brushing at a distance
of 2 mm from the tooth surface is more effective on the removal of the artificial plaque than brushing at the surface of
the teeth directly (p<0.05). It mean that the sonic vibratory effect might be revealed more at near the tooth surface than
adapted the tooth surface because it needed a little bit space for
the vibratory action, like the action of the ultra-sonic scaler on
scaling [10]. But it was considered that it would be very hard
to use the 360 degree rotating head and sonic toothbrush with
locating at 2mm distance as without touch the tooth surface for
tooth-brushing. According to the vibration cycle of the sonic
toothbrush, it revealed that 18,000 VPM cycle of the sonic
power is more effective for the removal of the artificial plaque
than 16,000 VPM cycle only in case of A typed with 360 degree rotating head and sonic toothbrush (p<0.05), and there is
no significantly different statistically in type B and C toothbrushes (p>0.05). It meant that the higher cycle of the vibration, the more effective for removing the plaque from the
tooth surface. So it needed to find the optimum cycle for sonic
toothbrush as maximum effect for the removal of the plaque
without side effect as damage to the tooth surface. From the
view point of the acting time of the sonic toothbrush, 9 seconds acting at a area of the teeth surface was more effective for
removal rate of the artificial plaque than in 6 seconds acting
time, by use of type A and B toothbrush (p<0.05), but no significantly different in type C toothbrush (p>0.05). In general,
3 minutes as 180 seconds would be recommended for toothbrushing in whole oral cavity as 24 portions as anterior, two
premolar areas, and posterior areas for buccal and lingual both
in upper and lower jaw as 5×2×2=20 portions and plus 4 areas
of occlusal areas means as sum of 24 areas for estimation of
one’s oral cavity to be cleaned. So it estimated as 7.5 seconds
for average time at one site. In this experiment, two kinds of
the time for acting at one point as 6 seconds and 9 to be
compared. It revealed as more effective in more time to give
vibration at one area. But it needed more studies to find the

proper time for vibratory acting for sonic toothbrush to get the
maximum effect for removal of the plaque without damage on
the tooth surface and gingiva. According to the head size of
360 degree rotating head and sonic toothbrush, It revealed the
most effective for removal of the artificial plaque by use of B
type 360 degree rotating head as a little bit big sized and hard
bristle toothbrush and the using with type A and C toothbrush
were significantly different statistically than using the plane
toothbrush as the control group (p<0.05). In general, comparatively small sized toothbrush would be more effective to
remove out the dental plaque for accessing and cleansing at
the hidden areas in the oral cavity, but the results of this experiment did not agree the general concept because the 360 degree
rotating head toothbrush is comparatively small size than
plane one way bristled toothbrushes, and a little bigger one of
360 degree rotating head would be smaller than the head size
of the plane general type of the toothbrushes. The relatively
hard elasticity toothbrush made with a little bit big diameter of
the bristle would be more effective to remove out the plaque
from the tooth surface. 0.09 mm of the diameter of the bristle
size toothbrush could be include in the middle degree of the
hardness in plane toothbrush on the other hand , soft bristle in
0.07 mm of the diameter. So it was recommended to use the
0.09 mm of diameter of the bristle for removal of the dental
plaque, in general.
In summarize, It was recommended to develop and to use
the 360 degree rotating head sized toothbrush with 14.3 mm of
the head diameter and 0.09 mm of bristle diameter as medium
or hard of the hardness toothbrush and use the brush tip at
2mm near the tooth surface with 18,000 VPM cycle vibratory
action for 9 seconds at a portion of the teeth arrangement in order to remove dental plaque effectively.

Conclusion
In vitro study for 360 degrees rotating head toothbrush with
sonic vibratory action was done in order to find the more effective for removal of the artificial dental plaque on the tooth surface, through using of automatic tooth-brushing machine with
horizontal scrub movement. Several conditions of the toothbrushing as the location of the brushing tip insertion, vibratory
cycle or sonic action time were suggested at 3 types of 360 degrees rotating head with sonic toothbrush and compared the
plaque removal effect with each other and the control toothbrush as the plane type. The obtained results were as followings.
1. It revealed more effect for the removal of the artificial
plaque, according to the location of the brush tip insertion, at
2 mm distance from the tooth surface than at the tooth surface
www.ijcpd.org
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directly., by using several types of 360 degrees rotating head
and sonic toothbrushes (p<0.05).
2. It revealed more effective for the removal of the artificial
plaque with 18,000 VPM cycle of the sonic power than with
16,000 VPM cycle only in case of A typed 360 degree rotating
head and sonic toothbrush (p<0.05) and no significantly different statistically in type B and C toothbrushes (p>0.05).
3. According to the acting time, 9 seconds acting was more
effective for removal rate of the artificial plaque than in 6 seconds acting time, by use of type A and B toothbrush (p<0.05),
but there is no significantly different in type C toothbrush
(p>0.05).
4. It revealed the most effective for removal of the artificial
plaque is using of B type with 360 degrees rotating head, a little bit big sized and hard bristle toothbrush. The using with
type A and C toothbrush were significantly different statistically than using the plane toothbrush as the control group
(p<0.05).
5. It was recommended to develop and to use the 360 degree
rotating head sized toothbrush with 14.3 mm of the head diameter and 0.09 mm of bristle diameter as medium or hard of the
hardness toothbrush and use the brush tip at 2 mm near the
tooth surface with 18,000 VPM cycle vibratory action for 9
seconds at a portion of the teeth arrangement in order to remove dental plaque effectively.
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