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Figure 1. Front profiles of the six IDBs examined in the study:
(a) 0.6 mm diameter, (b) 0.7 mm diameter, (c) 0.8 mm diameter,

(d) 1.0 mm diameter, (e) 1.2 mm diameter, and (f) 1.5 mm diameter

Figure 2. Representative digital images of (a) 0.7 mm embrasure
and (b) 1.2 mm embrasure with cross—sectional images in the
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Figure 3. Representing images of 3 dimensional reproduced (a) model,

(b) model base, and (c) combination of model and model base for IDBs

Figure 4. Representing images of experimental procedures -+ 36

Figure 5. A Representative image of rectangle area of 2.08 x 0.47
cm was set from the bottom part of a point of contact between the

first molar (distal surface) and the second molar (mesial surface)

37

Figure 6. Representative digital images of the artificial plaque
coated #46 distal surface and the #47 mesial surface (0.7 mm

embrasure) after (a) 1st, (b) 5th, and (c) 9th brushing cycles with
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Table 1. Experimental procedure for applying artificial plaque on

3-dimensional model
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Table 2. Summary of standard cleaned area,
standard error, for interdental brushes of five

from 0 to 9, at 0.7 mm embrasure.

cleaning efficacy, and

sizes over the cycles

Brush
stem
diameter
(mm)

Cleaning
o, 1 2 3 4 5

Standard
cleaned
area (px)

11720 | 17876 22507 | 26840 28085

0.6 Cleaning

efficacy (%)

Standard
error (%)

Standard
cleaned
area (px)

29.81  55.09 5551  66.20 69.27

207 358 | 1.83 | 033 0.9

11890 | 17679 23531 | 27694 28870

0.7 Cleaning

efficacy(%)

Standard
error (%)

Standard
cleaned
area (px)

29.32 4359  58.04 6830 71.20

189 243 278 125 064

10631 | 18835 25887 29584 30339

0.8 Cleaning

efficacy (%)

Standard
error (%)

Standard
cleaned
area (px)

26.22 4645 6385 7297 74.88

265 200 049 064  0.79

12101 | 18878 | 23561 | 27572 30053

1.0

Cleaning
efficacy(%)

Standard
error (%)

Standard
cleaned
area (px)

29.84 4656 58.11 68.00 74.12

021 142 204 233 114

15647 | 21598 26564 | 31454 33847

1.2

Cleaning
efficacy (%)

Standard
error (%)

38.59 | 53.27  65.52 7758 83.48

135 074 010 037 165

28347 | 28787 29030 | 29211

69.92 | 71.00 71.60  72.04

099 037 013 | 043

29262 29456 29719 29882

72.17 | 7265 73.30  73.70

022 044 050 | 0.60

30748 30984 ' 31391 31526

75.84 | 7642 7742 71775

091 083 086 | 0.76

31101 31714 32173 | 32369

76.71 | 7822 79.35  79.84

174 078 | 037 039

34284 1 34662 34852 35019

84.56 | 8549 85.96  86.37

164 184 | 168 @ 1.66
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Table 3. Summary of standard cleaned area,
standard error, for interdental brushes of six

from 0 to 9, at 1.2 mm embrasure.

cleaning efficacy, and

sizes over the cycles

Brush
g stem Cleaning 1 9 3 4
1ameter no.

(mm)

Standard
cleaned 7808 13439 18051 19319 20172
area (px)

0.6 Cleaning
efficacy (%) 19.26  33.15 4452 4765 49.75
Standard
error (%)
Standard
cleaned 9544 14064 18506 21999 23227
area (px)

0.7 Cleaning
efficacy (%) 2354 3469 4564 54.26 57.29
Standard
error (%)
Standard
cleaned 11161 16392 20259 23145 24917
area (px)

0.8 Cleaning
efficacy (%) 2753 4043 49.97 57.09 61.46
Standard
error (%)
Standard
cleaned 12021 ' 16497 20579 24315 25531
area (px)

1 Cleaning o9 65 4069 5076 59.97 6297
efficacy (%) ) ) ) ) )
Standard
error (%)
Standard
cleaned 14248 ' 18337 | 22385 25682 26665
area (px)

12 Cleaning | 3514 4523 5521 6364 6577
efficacy (%) ) ) ) ) )
Standard
error (%)
Standard
cleaned 18767 21891 | 26516 28257 28678
area (px)

15 Cleaning ' 4509 5399 6540 69.69 70.73
efficacy (%) ) ) ’ : )
Standard
error (%)

091 156 097 091 061

031 085 | 037 043 0.60

082 208 180  2.00 1.14

196 146 246 234 127

130 171 0 112 0 125 113

231 | 253 274 250 @ 240

20592 20881 21164 21280

50.79 | 51.50  52.20 @ 52.48

072 066 030  0.26

23621 23816 24034 | 24245

58.26 | 58.74  59.28 K 59.80

0.40 = 040 | 062 | 0.63

26631 | 26006 ' 26093 | 26240

62.97 | 64.14 64.36  64.72

078 = 045 044 | 049

26726 | 27119 27565 27738

65.92 | 66.89 6799 6841

089 059 080 @ 067

27539 | 27995 28344 | 28633

67.92 1 69.05 6991 70.62

1.02 | 1.07 | 078 | 041

29577 1 29925 30299 | 30569

72.95 | 73.81 74773 75.39

166 | 153 156 @ 145
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Figure 1. Front profiles of the six interdental brushes examined in
this study: (a) 0.6 mm diameter, (b) 0.7 mm diameter, (c) 0.8 mm

diameter, (d) 1.0 mm diameter, (e) 1.2 mm diameter, and (f) 1.5 mm

diameter.
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Figure 2. Representative digital images of (a) 0.7 mm embrasure and

(b) 1.2 mm embrasure with cross sectional images in the square.
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[Figure 3] Representing images of 3-dimensional reproduced (a)
model, (b) model base, and (c) combination of model and model base

for interdental brushes tested.
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Figure 4. Representing images of experimental procedures.
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Figure 5. A representative image of rectangle area of 2.08cm X
047cm was set from the bottom part of a point of contact between

the first molar (distal surface) and the second molar (mesial surface).
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Figure 6. Representative digital images of the artificial plaque coated

#46 distal surface and the #47 mesial surface(0.7 mm embrasure) after
(a) 1st, (b) b5th, and (c) 9th brushing cycles with the 0.7 mm
interdental brushes, and (d) 1st, (e) 5th, and (f) 9th brushing cycles

with the 1.2 mm interdental brushes.
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Figure 7. Gradual increment and convergence of the cleaning efficacy
over the cleaning cycles at (a) 0.7 mm embrasure and (b) 1.2 mm

embrasure. (Error bar: mean error; b repetitions for each data point)
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Abstract

Cleaning Effect of Interdental
Brush on Artificial Plaque
Using 3-dimensional printed

Model Base

Seo Eun Kim R.D.H., M.S.D
Program in Neuroscience, Department of Dental Science,

Graduate School, Seoul National University

(Directed by Professor, Seung Pyo Lee, D.D.S., M.S.D., Ph.D.)

Background: Among interdental cleansing devices (ICDs), interdental b
rushes (IDBs) are in the spotlight because they can effectively remove
plaque from interdental surfaces. Guidance on the correct use of ICDs,
such as IDBs, is required to prevent dental plaque accumulation. Since
it 1s impossible to confirm the interdental proximal surface unless extra
cted, it 1s difficult to conduct quantitative experiments. This study pres
ented an efficient way to evaluate IDBs by realizing dental structures a

nd embrasures using a Computer—-Aided Design/Computer-Aided Manuf

,39,



acturing (CAD/CAM) and a 3D printer.

Methods: Two different sizes of embrasure(0.7 and 1.2 mm) crown
models were prepared with CAD/CAM and a 3D printer. To evaluate
the cleaning efficacy of IDBs of each size(0.6, 0.7, 0.8, 1.0, 1.2, and 1.5
mm diameters), the 9th cycle of brush move was performed where
artificial plaque was spread and a digital camera was used to record
the process. The pixels and percentage of cleaning from the recorded

digital images were analyzed.

Results: The plateau was formed after the 5th brushing cycle under
all conditions after the 5th cycle, the cleaning efficacy of the two
crown models was 693 ~ 864 % and 498 ~ 754 %. In these
results, the optimal diameters for the IDB were 1.2 and 1.5 mm for
embrasure sizes of 0.7 and 1.2 mm, respectively. Moreover, the
cleaning efficacy was the highest at 86.4 % and 754 9 after the 9th

cycle.

Conclusions: The 3D printed model base for the human oral
embrasure structure is an adequate model to test artificial plaque
removal using IDBs. The use of IDBs for more than five cycles does
not support the conventional idea that a greater number of IDBs

brushing moves is more effective in a statistically substantial manner.

Key words : Interdental Brush, Plaque Removal, 3D Printed Model,

Gingivitis, Periodontal Disease
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