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Evaluation of Toothbrush Wear and the Effect on Enamel Surface of Primary Teeth
using a Toothbrushing Machine in vitro
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Abstract

A variety of commercial children’s toothbrushes are commercially available with different physical properties.

The aim of this study was to evaluate the physical properties of commercial children’s toothbrushes, toothbrush
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wear, bristle-tip wear, and effect of brushing on primary enamel surfaces using a V8 cross-brushing machine, in vitro.
Primary enamel specimens (2x2 mm?) were mounted in acrylic blocks (n=42) and randomly assigned to 6 groups:
CUdent (7mm), CUdent (8mm), Berman®, Colgate®, Fluocaril®, and Kodomo®. The specimens were mounted and
brushed in a V8 cross-brushing machine for 100,000 strokes. Following brushing, the toothbrush-heads were measured
to calculate the wear index and the bristle-tips were evaluated based on the Thai Industrial Standards (TIS). The
specimens were measured for surface roughness and average mean depth using a profilometer. This study revealed
that the wear index before brushing was 0.035-0.038 with no significant differences between groups. However, the
wear index after brushing was 0.088-0.245 with significant difference between groups (p<0.001) and the post-hoc
analysis revealed that the Fluocaril® and CUdent (8mm) groups had significantly higher index scores than the others.
The percentage of acceptable bristle-tip before and after brushing was 90.67-94.67 and 78.2 -96.00, respectively. The
surface roughness and average mean depth before brushing were 9.054-10.563 and 0.021-0.028 nm, respectively,
and after brushing was 9.638-10.792 and 0.032-0.058 nm, respectively. No significant differences between groups
were found before and after brushing. These findings indicate that the commercial children’s toothbrushes had
similar physical properties. Furthermore, Fluocaril® and CUdent (8mm) groups were the most worn after brushing.
All toothbrushes tested passed the TIS for acceptable bristle-tip before and after brushing. In addition, no significant

abrasion of the primary enamel surfaces was found after brushing with the tested toothbrushes.
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Figure 1 Acceptable (left) and non-acceptable (right) bristle tips following TIS
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Details of the children’s toothbrushes used in this study

Recommended age

Bristle properties

Bristle Number
Brands (Manufacturer) by the manufacturer  Stiffness Length Diameter
type of tuffs
(Years) (mm) (mm)
CUdent 3-6 Soft Nylon 20 7 0.13-0.14
(The First Thai Brush, Thailand) 3_6 Soft Nylon 20 8 0.13-0.14
Kodomo® 3-6 Soft Nylon 20 9 0.16-0.17
(Lion, Thailand)
Fluocaril® 2-6 Extra soft Nylon 24 10 0.16-0.17
(The First Thai Brush, Thailand)
Colgate® 3-5 Extra soft PBT 24 10.5 0.10-0.11
(Colgate-Palmolive, Thailand)
Berman® 3-6 Soft Nylon 23 9 0.16-0.17

(Rinchokechai, Thailand)
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Figure 2 Attached toothbrush head in the toothbrushing machine mold
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Figure 4 Preparation of the specimens for the enamel wear assay
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Table 2 Mean and standard deviation of the Wear Index compared between brands

Wear Index v Brand

Brand § CUdent

Before After Q ) Berman® Colgate® Fluocaril® Kodomo®
CUdent (7Tmm) 0.037+0.005 0.088+0.014 <0.001* <0.001* 0.924 0.999 <0.001* 0.258
CUdent (8mm) 0.036+0.005 0.160+0.040 <0.001* 0.001* <0.001* <0.001* 0.032*
Berman® 0.038+0.004 0.101+0.018 <0.001* 0.991 <0.001* 0.814
Colgate® 0.037+0.003 0.093+0.021 0.001* <0.001* 0.459
Fluocaril® 0.035+0.003 0.245+0.028 <0.001* <0.001*
Kodomo® 0.037+0.004 0.117+0.020 <0.001*

* Jmnaunne Nee i a AN aai (p < 0.05)
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Figure 5 Images of the bristles after the toothbrushing test at 100,000 strokes
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Table 3 Number and percentage of acceptable bristle tips before testing compared between brands

Brand Number of Acceptable Non-acceptable
testedbristes 1 5 3 4 5 sum@®) 1 2 3 4 5 Sum(%)

CUdent (Tmm) 75 1 12 45 2 9 69 (92.00) 0 0 2 1 3 6 (8.00)
CUdent (8mm) 75 1 9 a2 3 14 69 (92.00) 0 0 3 3 0 6 (8.00)
Berman® 75 8 19 25 13 5 70 (93.33) 1 2 0 1 1 5(6.67)
Colgate® 75 0 0 0 0 68 68(90.67) 0 0 0 7 0 7(9.33)
Fluocaril® 75 1 20 14 13 23 71 (94.67) 1 0 0 2 1 4 (5.33)
Kodomo® 75 14 3 4 8 41 70(93.33) 1 0 0 1 3 5(6.67)
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Table 4 Number and percentage of non-acceptable bristle tips before testing compared between brands

Brand Number of Acceptable Non-acceptable
testedbristtes ;3 4 5 Ssum@®) 1 2 3 4 5 Sum(%)
CUdent (Tmm) 175 2 52 51 13 a7 165 (94.29) 1 4 3 1 10 (5.71)
CUdent (8mm) 175 2 68 52 16 25 163(93.14) 0 6 1 3 12 (6.86)
Berman® 175 3 62 60 28 16 169(96.57) 0 5 0 1 6(3.43)
Colgate® 175 12 11 32 6 76 137(7829) 0 1 35 1 38 (21.71)
Fluocaril® 175 4 63 40 32 29 168 (96.00) 0 6 0 1 7 (4.00)
Kodomo® 175 12 28 44 27 53 164 (93.71) 7 0 0 3 11 (6.29)
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Figure 6 Bristle tips of before (left) and after 100,000 strokes brushing test (right) compared between brands under 45x stereomicroscope
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