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Objective: Effective removal of the dental plaque in the gingival sulcus and proper massage of the gingiva have been the important things to control the early stage of gingivitis, through the development of newly designed tooth-brush use.
Methods: Three groups of materials were classified as experimental group for sulcus tooth-brush, positive control group as
using the modified sulcus tooth-brush, and the control group as the plane tooth-brush as Buttler No. 209. Partial dentition
model was produced as frontal and posterior portion by use of the extracted teeth on Molar teeth and upper anterior teeth on
the dental plaster covered with the latex typed and open and close typed artificial gingiva. 10 times back and forth movement tooth-brushing was performed to all groups of the dental models, painted with the artificial plaque and plaque dying
on the tooth surface and in the gingival sulcus, by use of the automatic tooth-brushing machine. The residual amounts of the
artificial plaque was calculated and estimate the relative amounts of the removal of the artificial plaque in the dental plaque
on each group, and compared them each others.
Results: The clearance area of the artificial plaque in the gingival sulcus area was more in experimental group or positive
control group than that of the control group at all portions of the tooth both in anterior and posterior teeth.
Conclusion: Sulcus cleansing U-shaped tooth-brush was recommended to use for the Bass technique tooth-brushing in order
to cleansing the dental plaque.
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Introduction

would be dental caries and periodontal disease as a multi-factorial diseases and among them, the local factors, especially dental plaque was the important cause for both diseases among the
local and systemic causative factors [1,2]. Dental plaque, as a
named bio-film is defined as a thin layer attached to the tooth
surface with glycoprotein to produce the colony with the oral
micro-organisms [3]. It was introduced that Gram positive aerobic bacteria were existence at early stage of primary plaque colonizer and in late stage, it could be showed more in Gram negative anaerobic bacteria in the second plaque colonizer, in case
of the plaque existence without elimination on the tooth surface
[4]. Moreover, it would be a cause of the dental caries and perio-

It was well known that the major cause of the tooth extraction
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dontal disease through the acid production or irritation by toxin
from the oral micro-organisms in the dental plaque, and calculus
formation which could irritant to adjacent gingiva [5].
Tooth-brushing has been known as the most convenient and
effective way to control the periodontal disease [6]. It was well
known that the purpose of the tooth-brushing can be introduced
as such facts as to decrease the average plaque index, the prevention of the caries and periodontal disease, to cleansing the
oral cavity, to decrease the oral malodor and increase the esthetic oral level [7].
Periodontal disease has been increased in prevalence by age
increasement as the majority of adults and aged people had periodontal disease a lot and 7.3% of the increasement of the prevalence rate on periodontal disease from in the year 2006 to 2011
reported in National Health Insurance Agency in 2013 [8-13].
Periodontal disease can be classified as two categories as gingivitis and periodontitis [14]. Gingivitis can be defined as the
inflammation symptom without the loss of the connective tissue
and attached epithelium, otherwise periodontitis can be defined
as the periodontal tissue inflammation with the loss of the alveolar bone from the cervical to apex direction of the tooth, and the
damage of the connective tissue and epithelial attachment and
suggested as an acute type and the chronic type, and the more
prevalence rate by age increasement and rapid increasement in
over age 30 [15-17].
The effective method for the prevention of the gingivitis and
periodontitis would be introduced as let patient perform the
proper tooth-brushing, for the plaque control [18]. Bass technique or modified Bass technique of tooth-brushing method was
introduced to remove the dental plaque in the gingival sulcus
and inter-proximal area with enhancing the gingival stimulation for the early stage of gingivitis [19,20]. Paik et al. [4]
has reported that the dental plaque could be reformed again after
2 or 3 hours later on cleansing, so it should be focus on the
self-care of periodontal disease by proper tooth-brushing.

Figure 1. The shape of 3 kinds of toothbrushes as the control,
experimental and the positive control at floor plan.
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In this study, it showed the artificial plaque removal effect
in the gingival sulcus by use of the plane tooth brush and specially designed as V shaped bristle planed in cross sectional
view tooth-brush, in order to compare the plaque removal effect
each other, on Bass technique tooth-brushing for the simulation
dental model for the gingivitis state.

Materials and Methods
1. Materials
Three types of tooth-brushes were prepared for 10 at each
group. The plane tooth-brush with middle hardness and plane
bristle planed tooth-brush as group 1 as the control group.
Specially designed tooth-brush (invention patent No.
10-14440033) named as Gingival Sulcus tooth-brush, as
V-shaped in cross sectional view of the tooth-brush head, for
group 2 as experimental group and similar shaped toothbrush
with more big and wide size, for group 3 as the positive control
(Figure 1-3). All kinds of tooth brushes were included in 1 cm
size of tooth-brush head and under 0.012 inches of the bristle
diameter as micro-brush size and designed as 1or 2 lane of the
bristles should inserted in the gingival sulcus because of shortening the bristle length in middle or central lane in order to in-

Figure 2. The shape of 3 kinds of toothbrushes as the control,
experimental and the positive control at profile view.

Figure 3. Electric tooth brush for vibration for each toothbrush head.
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The distance between the camera and tooth-brushing machine was fixed on 20 cm and the camera was focused on the
dental models. Photograph shooting was performed by wireless
remote control, in order to minimalize the movement of camera

Figure 4. The toothbrushing machine.

serting one or two lane of the bristle into the gingival sulcus.
When approaching the tooth brush on the tooth surface with oblique direction for performing Bass technique of toothbrushing.

2. Method
1) Produce the toothbrushing machine
It was applied the electric toothbrush with short vibration for
short distance as back and forth movement, by use of Spinbrush
electric tooth-brush (Church & Dwight Co. Inc., Ewing, NJ,
USA) by inserting the tip of the toothbrush at the tooth surface
and the gingiva with oblique direction, shown in Figure 4.
2) Indicated tooth decision and artificial ginigiva formation
Indicated tooth was decided as extracted 3 lower Molar teeth
for posterior dentition and anterior dentition was made by 4 extracted upper frontal teeth. All materials of the roots of the teeth
were inserted into the dental plaster and covered with the latex
(Gingifast; Zhermack Co., Badia Polesine, Italy) gingiva which
could attached or removed after tooth-brushing in order to observe the artificial plaque deposit easily in the gingival sulcus,
which was formed as 3 mm of the depth.
3) Artificial plaque coating
Arti-spot (BK 288; Bausch, Cologne, Germany) which is applied for the occlusal check agent was used at the gingival sulcus
as an artificial plaque dying.
4) Cleansing of the artificial plaque and photo taking of the
remnant plaque
For carrying out the experiments in the same condition, 10
times back & forth movement tooth-brushing was performed
to all groups of the dental models during 5 seconds, painted with
the artificial plaque and plaque dying on the tooth surface and
in the gingival sulcus, by use of the automatic tooth-brushing
machine.

5) Results analysis
The residual amounts of the artificial plaque was analyzed
by Image J software ver. 1.38 (NIH, Bethesda, MD, USA). The
results of this study analyzed by parametric multiple comparison procedures. The results of this study were assumed to be
normally distributed and Levene test was performed to find
whether the data was homogeneous or not. If homoscedasticity
of the data was accepted, One-way ANOVA test was applied.
When the result of ANOVA was significant, and the homoscedasticity of the data was accepted, Duncan’s multiple range
test was applied. And, the homoscedasticity of the data was not
accepted, Dunnett T3 test was applied.
All statistical analyses were performed with widely used
commercial statistical package, PASW ver. 18 software (IBM
Co, Armonk, NY, USA), and the significance level was judged
at a probability value of p<0.05.

Results
Artificial plaque removal rate in the gingival sulcus was revealed as 21.86%±6.36% in experimental group for using the
Sulcus tooth-brush and 23.04%±4.09% in positive control
group which using with the similar type of sulcus tooth-brush
otherwise 3.22%±4.69% of the removal rate in control group
as using with the plane tooth-brushon the lower right 1st incisor
(p<0.01) (Table 1, Figure 5).
As the same way, 23.80%±6.38% and 22.13%±4.96% of the
removal rate of the artificial plaque in the sulcus as the more removal rate than in the control as 12.56%±2.47% at the lower
left 1st incisor (p<0.01). That was the same situation in the lower
left lateral incisor (p<0.01) and lower left canine (p<0.05) as
more removal rate of the artificial plaque with the use of Sulcus
tooth-brush or modified Sulcus tooth-brush than in using with
the plane tooth-brush, in case of toothbrushing with Bass
technique.
It revealed 49.83%±13.42% of the removal rate for the artificial plaque in the gingival sulcus as the more removal rate than
in control group as 31.08%±5.11% of the removal rate (p<0.01),
but there was no significantly different between the positive
control group as 41.05%±12.85% of the removal rate as using
with the modified Sulcus tooth-brush and the control group
(p>0.05) when tooth brushing with Bass technique, at upper 1st
Molar (Table 2, Figure 6).
The same way, for upper 2nd Molar tooth, the similar results
www.ijcpd.org
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Table 1. Relative clearance area of the artificial plaque in the gingival sulcus at the anterior teeth
Tooth
Lower right 1st
Lower left 1st
Lower left 2nd
Lower left 3rd

Relative clearance area (unit: %)
G1 control group (mean±SD)

G2 experimental group (mean±SD)

13.22±4.69
12.56±2.47
19.65±5.04
15.47±6.10

21.86±6.36
b
23.80±6.38
28.71±6.35b
b
27.04±6.87

b

G3 positive control group (mean±SD)
23.04±4.09b
b
22.13±4.96
24.55±3.88
21.79±6.15a

One-Way ANOVA test was used with the Duncan’s multiple comparison test post hoc. SD: standard deviation. a,bA significant difference at p＜0.05,
p＜0.01, level compared to the G1.

Figure 5. Clearance area of anterior teeth. (A) Right 1st anterior tooth, (B) left 1st anterior tooth, (C) left anterior 2nd tooth, (D) left 3rd anterior
a,b
tooth. A significant difference at p＜0.05, p＜0.01, level compared to the G1.

Table 2. Relative clearance area of the artificial plaque in the gingival sulcus at the posterior teeth
Tooth
Upper left 1st
Upper left 2nd
Upper left 3rd

Relative clearance area (unit: %)
G1 control brush group (mean±SD) G2 experimental brush group (mean±SD) G3 positive control group (mean±SD)
31.08±5.11
17.24±7.31
21.80±6.09

a

49.83±13.42
a
49.16±14.30
41.13±11.02a

41.05±12.85
36.20±11.54a,b
40.27±9.16a

One-Way ANOVA test was used with the Duncan’s multiple comparison test post hoc. SD: standard deviation. aA significant difference at p＜0.01,
level compared to the G1. bA significant difference at p<0.05 level compared to the G2.

Figure 6. Clearance area of posterior teeth. (A) Upper Left 1st posterior tooth, (B) upper left 2nd posterior tooth, (C) upper left 3rd posterior
a
b
tooth. A significant difference at p＜0.01, level compared to the G1. A significant difference at p<0.05 level compared to the G2.
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were revealed as significantly different between in experimental group and the control (p<0.01), and also significantly different statistically between the positive control
group as using with modified sulcus tooth brush group and the
control group as using the plane tooth brush (p<0.05).
In the same way, on the upper 3rd Molar tooth, the removal
rate of the artificial plaque were shown as 41.13%±11.02% in
experimental group and 40.27%±9.16% as in positive control
group, otherwise 21.80%±6.09% in control group and there was
significantly different statistically between the experimental or
the positive control group and the control group (p<0.01), even
though no significantly different between the experimental and
the positive control group (p>0.05).

Discussion
Periodontal disease is known as a mainly chronic and accumulative disease which can be signed as an inflammation as gingivitis or periodontitis at beginning stage [4]. It was well known
that Bass technique of toothbrushing could be subside the early
stage of gingivitis through the elimination of the dental plaque
in the gingival sulcus effectively and stimulation of gingival tissue with massage by short vibrating movement [4]. In order to
decrease the gingival inflammation, the cleansing of the gingival sulcus which is formed with the gingival pocket or periodontal pocket and accumulate the dental plaque easily because
it is not open to outside even though it is just about 2mm of the
depth in average, and the second factor as gingival stimulation
by use of the very short and rapid vibration movement in the
gingival sulcus and gingival surface with the stimulation of the
gingival epithelium [4].
It was well known that such tooth-brushing method as generally used as rolling technique or horizontal scrub method can
be effective to eliminate the dental plaque on the tooth surface
at round surface, and not profit in the gingival sulcus as a very
thin and covered with the gingiva formed as a shallow pocket.
So it needed a special designed tooth-brush in order to insert the
brush tips into the gingival sulcus easily, in order to perform the
Bass technique of tooth-brushing, to subside the early stage of
gingivitis.
In this study, newly designed toothbrush as long bristle at the
side of the tooth brush head and short bristle length at the center
of the bristle on the toothbrush head, was designed and produced
in order to evaluate the plaque removal effect in the gingival
sulcus. The control group toothbrush was the plane typed head
as a general stand the longer bristle length than in experimental
group toothbrush. Toothbrushing with this specially designed
toothbrush as short vibration motion in the gingival sulcus was
done by use of the electric toothbrush machine at the dental

model which was made of the extracted frontal teeth or posterior
teeth with the artificial dental plaque with sticky starch painted
with the disclosing agent, in the plaster and latex gingiva. After
10 seconds toothbrushing, the remnant plaque amounts in the
gingival sulcus was checked by opening the latex gingiva
through the digital photo taking and analyze it by use of image
analysis computer program, in order to measure the remained
amounts of the artificial plaque. Data were collected to calculate
and compared them with the experimental group and the
control.
One more, the positive control group was suggested as the
similar type of the specially designed toothbrush for sulcus
cleansing as a little big size of the sulcus toothbrush with the
same method of experiment.
The results was a little bit clear that the data of removal rate
of the artificial plaque from both of the experimental group and
the positive control group were more than in control group
(p<0.05). It meant that the specially designed toothbrush as long
bristles at both sides and short length at the central portion was
effective for the elimination of the dental plaque in the gingival
sulcus, through the short vibratory action for 10 seconds, even
though it's a little big or not as the positive control. But there
was no significantly different between the experimental group
and the positive control group, for elimination of the artificial
plaque (p>0.05) both in anterior teeth and the posterior teeth.
So it was concluded that a specially designed toothbrush as more
longer bristle length at both sides and shorter at the central portion, was effective to remove the dental plaque in the gingival
sulcus, both in anterior teeth and the posterior teeth, when it was
acted with the short movement with the vibratory action for
tooth brushing as Bass technique.

Conclusion
The authors have experimented about the toothbrushing effect by using the sulcus toothbrush as a specially designed as
more longer of the bristle length at both sides and short at the
central portion as experimental group or modified sulcus toothbrush as the similar type with a little big size with the experimental group, as the positive control group, and the control
group as using the plane toothbrush.
Each toothbrush head was cut and attached at the short vibrating electric tooth brush for the Bass technique and toothbrushing for 10 seconds in the gingival sulcus at the dentiform
with anterior and posterior portion, composed with the extracted teeth on the plaster and latex gingiva, coated with the
artificial plaque and painted with the disclosing agent. The removal effect of the artificial plaque was measured and compared with the experimental group, positive control and the conwww.ijcpd.org
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trol groups, through photo taking with digital camera and analysed the image of the remained artificial plaque by use of the
image analysis computer program.
The obtained results were as followings.
1. The removal rate of the artificial plaque was more in experimental group and the positive control than in control group
(p<0.05) at the anterior teeth, but no significantly different between the experimental group and the positive control group
(p>0.05).
2. The removal rate of the artificial plaque was more in experimental group and the positive control than in control group
(p<0.05) at the posterior teeth, but no significantly different between the experimental group and the positive control group
(p>0.05).
3. It was concluded that the specially designed toothbrush
as the longer bristle length at both sides and short length at the
central portion would be effective to remove the dental plaque
in the gingival sulcus effectively and recommended to use it for
the early stage of gingivitis dental patients to subside the
inflammation.
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