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Abstract

Background Effective dental plaque removal is essential for oral health. Different toothbrush parameters including
head-size, filament-diameter and interdent-height and different brushing movements like horizontal, rotating and
vertical may affect plague removal efficacy. The purpose of the study was to examine plaque removal efficacy of
different design parameters of manual toothbrushes.

Methods Eight manual toothbrushes were tested using a validated robot test to examine efficacy of toothbrush

on replicated human teeth. Characteristics tested were: (i) head-size, (i) filament-diameter, (i) cutting-height, (iv)
hardness, (v) interdental-height. Each test ran five times in horizontal, rotating, vertical movements. Simulated Plaque
removal was evaluated using automated plaque planimetry: 30 fields/tooth, 13 areas representing buccal, lingual,
proximal tooth sites. The Kolmogorov-Smirnov-test was applied to test tooth surface variables for normal distribution
of plague removal values. Parameters were analysed by independent two-sample t-test to assess mean differences.
Where null hypothesis of normality was rejected, the Wilcoxon-Mann-Whitney-U-test was used.

Results Plague removal was significantly better with toothbrush having smaller head-size (compact vs. full-size);
smaller filament-diameter (0.12 mm vs. 0.15 mm); larger cutting-height (12 mm vs. 9 mm); softer filaments (0.15 or
0.18 mm vs. 0.23 mm) and greater interdent-height difference (8.5/11 mm vs. 10/11 mm).

Conclusions Manual brushes allowing filaments free to flex with longer, softer and/or having a difference in filament
length overall removed significantly more simulated plaque as compared to more standard flat trim, stiff brushes with
shorter, harder bristles and a larger head size. While limited by the in vitro nature of the study design, this indicates
that the advances in toothbrush design can further enhance plaque removal.
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Background

Dental plaque is one of the etiologic or predisposing fac-
tors for development of dental caries and plaque-asso-
ciated periodontal diseases [1]. Mechanical removal of
plaque through toothbrushing is considered to be gener-
ally recommended to avoid plaque-associated diseases or
tooth decay [2, 3] .

Effective plaque removal depends on various factors
like adequate brushing time, brushing technique, force
of brushing, etc. that varies from individual to indi-
vidual. Toothbrush innovations try to compensate for
inadequate brushing time and technique by creating
toothbrushes with an increased plaque removal design
compared to the conventional flat trimmed toothbrushes
created in the early 20th century [4]. These advance-
ments have given rise to brushes with differing param-
eters including different bristle amounts, arrangements,
lengths and diameter, varying head designs and lengths
[4-6].

Numerous studies have been conducted to determine
the plaque removal efficacy of manual toothbrush param-
eters [7]. Both clinical and in vitro testing have yielded
results indicating that differing bristle configuration, such
as criss-cross and angled bristles, impacts plaque removal
[4]. A clinical study showed that a toothbrush with softer,
tapered, cross-angled bristles was more efficacious at
plaque removal compared to a toothbrush with standard
(medium) bristles [6]. In other studies, criss-cross bris-
tle configurations have proved advantageous compared
to standard straight bristles, showing effective plaque
removal from the smooth surfaces of teeth as well as gin-
gival margin and interpproximal surfaces [8]. Further-
more, a meta review of clinical data showed that angled
bristles are more efficacious than standard flat trimmed
brushes [9]. In contrast, a systematic review found little
to no difference between tapered or end-rounded fila-
ments concerning to plaque removal efficacy [1].

While clinical testing yield valuable results when mea-
suring plaque removal by toothbrushes, laboratory test-
ing of toothbrush efficacy for simulated plaque removal
using a calibrated and clinically validated robot simula-
tion model allows results to be reproducible through
standardisation of brushing movement, force and time
[10].

In this current study, a validated robot simulation
model was used to assess the simulated plaque removal
efficacy of different toothbrush designs using three differ-
ent brushing movements, vertical, horizontal and rotat-
ing movements. The design parameters tested included
variations in head-size, cutting-height, hardness, filament
diameter and interdental-height difference.
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Methods

This study was carried out at a Germany-based research
facility. The 6-axis Robot FS002N (Kawasaki Robot-
ics, Akashi, Hyogo, Japan) was programmed to repeat
the most commonly observed brushing movements of
uninstructed individuals, horizontal (amplitude 5 mm),
vertical (10 mm) and rotating (diameter 10 mm) [11]
individually in series, with five runs for each movement
at a brushing force of 3.5 N (Fig. 1) [12]. This allowed
the robot to undertake a clinically validated in vitro
test [10, 12] to assess the effects of bristle configuration
on KaVo™ (KaVo, Biberach, Germany) artificial plastic
teeth. These are replicated from natural human denti-
tion and included four incisors, one canine, two pre-
molars and three molars placed in anatomical positions
within a mounting plate to represent mandibular human
dentition. The teeth were covered in simulated plaque,
designed to mimic the adherent properties of natural
plaque, consisting of a specialized red, inorganic formula
to help assess plaque removal [10].

Simulated plaque removal was calculated at 30 plani-
metrical fields by computer-assisted optical automatic
plaque planimetry (APP) [Fig. 2]. This works by rotat-
ing each test tooth in front of a high definition focusing
analysis camera for computer assisted processing. Mean
simulated plaque reduction was ascertained by measur-
ing simulated plaque levels pre- and post-brushing at
seven variables of tooth surfaces: all buccal tooth sites
[Fig. 2A]; all lingual tooth sites [Fig. 2B]; buccal and, sep-
arately, lingual risk fields near the gum line and interp-
proximly between the teeth (ABCDF fields; Fig. 2AB); all
mesial sites [Fig. 2 C]; all distal sites [Fig. 2D] and total
mean simulated plaque reduction at all 30 planimetrical
fields [Fig. 2A-D]. The ‘W’ fields, which usually sit below
the gum line, were analysed and included in the ‘all sites’
assessments but are not presented separately [13].

Eight Dr Best® toothbrushes, Haleon (formerly GSK
Consumer Healthcare, Brentford, UK) with end-rounded
nylon filaments, differing properties were used (Fig. 3);
only the characteristics relevant to each comparison
mentioned-below, which were different are noted here
(e.g., tuft height was only noted when this characteris-
tic was relevant to the comparison). These toothbrushes
were named- S1: R5 Compact Head; S2: R5 Full Head,
Medium hard: 12 mm tuft height, 0.23 mm: filament
diameter; S3: R5 Full Head, Extra Soft, 0.12 mm filament
diameter; S4: R5 Full Head, Soft, 0.15 mm filament diam-
eter; S5: R5 Full Head, Medium hard, 9 mm tuft height;
S6: R5 Full Head, Soft; 0.18 mm filament diameter; S7:
G5 Interdental cut, tuft heights 10 and 11 mm; S8: G5
Interdental cut, tuft heights 8.5 and 11 mm.

The following parameters were tested to assess cleaning
simulated plaque removal efficacy of the differing con-
figurations: Head-Size (S1 vs. S2); Filament-Diameter (S3
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Fig. 2 Seven variables of tooth surfaces. Automated plaque detection fields. (A) Buccal sites (towards the cheek); (B) Lingual sites (towards the tongue);
(C) Mesial sites (proximal in-between teeth, anterior site); (D) Distal sites (proximal in-between teeth, posterior side); ABCDF: Risk fields near the gum line
and approximately between the teeth; Total: Total mean plaque reduction at all 30 tooth sites

vs. §4); Tuft Cutting-Height (S5 vs. S2); Hardness (S2 vs.
S4; S2 vs. S6; S4 vs. S6) and Interdental Tuft-Height Dif-
ference (S7 vs. S8). The comparisons and characteristics
of interest are detailed in Fig. 3.

Statistical testing
Statistical testing of the data was completed by the
ORMED Institute using IBM SPSS Statistics Premium,
release 24.

The Kolmogorov-Smirnov-test (K-S-test; one sample
test) was applied to test the 13 variables of tooth sur-
faces- buccal, lingual, mesial, distal, buccal risk fields

ABCDE, lingual risk fields ABCDE, buccal and lingual
root field W, mesial and distal root fields W1 and W2
and total for a normal distribution of simulated plaque
removal values. Significance level a=0.10 (10%) was used
to test this important assumption of parametric t-test. As
a result, the null hypothesis (HO) of normality was clearly
rejected for 4 of the 13 parameters/ surfaces (buccal, lin-
gual, buccal W and total).

The consequence is that 9 of the 13 parameters were
analysed by independent two samples t-test. Each single
toothbrush was tested against each other. On the other
hand, the four non-parametric parameters were analysed
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Fig. 3 Toothbrushes tested, and comparisons made. Eight Dr Best® toothbrushes, Haleon (Formerly GSK Consumer Healthcare, Brentford, UK) with differing

properties were used

by Wilcoxon-Mann-Whitney-U-test (WMW-test or
U-test). WMW- test can be applied on ordinal or also
unknown distributions — contrary to the t-test — and it
is nearly as efficient as the parametric t-test (power effi-
ciency (pe) of the WMW-test: 95% > pe>90%). Applica-
tion of t-test in this study was combined with the Levene
test for testing the null hypothesis that the variances of
the tested toothbrushes were equal. Where the Levene’s
test did not show significance, the ‘normal’ version of the
t-test was used. Where Levene’s test showed significance,

the t-test with a correction term was used. The signifi-
cance level for Levene’s test was set at a=0.10 (10%).
For all two-tailed tests of differences in cleaning efficacy
between brushes, the significance level was set at p-value
of a=0.05 (5%).

Results

The numerical values for simulated plaque- removal with
different toothbrush designs from the tooth surfaces are
represented in Table 1.
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Table 1 Statistical analysis of cleaning efficacy (% plaque removal)

Head Size

Horizontal Rotating Vertical

S1 S2 p-value S1 S2 p-value S1 S2 p-value
Buccal 95.1 9437 NS 92.95 94.76 S2* 74.52 80.83 S2**
ABCDF Buccal 69.23 61.16 ST* 95.2 95.81 NS 90.63 94.12 S2%*
Lingual 96.04 95.96 NS 69.79 60.5 S2* 65.72 67.99 S2*
ABCDF Lingual 83.81 77.8 ST* 60.8 58.79 NS 57.26 583 S2***
Mesial 77.51 69.28 ST* 59.23 5891 S1* 63.37 74.72 NS
Distal 72.85 68.74 NS 76.49 7744 NS 73.98 7917 NS
Total 8242 77.89 ST* 76.06 744 ST** 7091 75.86 S2*
Filament Diameter

Horizontal Rotating Vertical

S3 S4 p-value S3 S4 p-value S3 S4 p-value
Buccal 97.23 96.62 NS 97.41 96.73 S3* 82.83 79.46 NS
ABCDF Buccal 82.14 7261 S3** 7434 72.96 NS 72.02 74.27 NS
Lingual 97.93 97.5 S3* 97.18 97.32 NS 94.31 93.11 NS
ABCDF Lingual 9244 86.58 S3*** 87.68 86.19 NS 79.53 80.85 NS
Mesial 91.97 76.5 S3x* 843 72.96 S3*** 67.87 68.74 NS
Distal 87.9 74.72 S3*** 7873 66.32 S3xx* 65.66 5898 S3*
Total 86.75 75.66 S3** 79.98 7263 S3* 69.59 68.67 NS
Cutting Height

Horizontal Rotating Vertical

S5 S2 p-value S5 S2 p-value S5 S2 p-value
Buccal 80.15 94.37 S2%* 94.69 94.76 NS 92.94 80.83 S5**
ABCDF Buccal 28.89 61.16 S2*¥¥ 53.89 5891 S2* 4513 74.72 S2*¥¥
Lingual 87.94 95.96 S2%* 96.2 95.81 NS 95.18 94.12 S5*
ABCDF Lingual 5321 77.8 S2x¥¥ 76.34 7744 Soxx* 69.96 79.17 NS
Mesial 50.79 69.28 S2%* 56.42 60.5 NS 49.01 67.99 S2¥¥*
Distal 46.83 68.74 S2%* 54.36 58.79 S2* 42.06 58.3 S2xx*
Total 47.22 68.11 S2** 57.96 6233 S2* 5157 67.94 S2*
Interdent Height

Horizontal Rotating Vertical

S7 S8 p-value S7 S8 p-value S7 S8 p-value
Buccal 85.32 80.03 S7** 88.04 96.54 S8* 76.94 95.39 S8*
ABCDF Buccal 46.94 68.05 Sgr** 53.64 7532 Sgx** 63.35 70.37 Sg**
Lingual 90.48 93.02 S8* 91.48 96.91 S8** 90.05 95.39 S8**
ABCDF Lingual 593 77.03 Sg*** 68.35 85.22 Sg*** 70.7 81.29 S8**
Mesial 78.12 68.71 S7*** 69.68 83.54 Sgx** 68.87 74.02 S8*
Distal 781 64.94 S7*** 66.47 82.21 S8** 63.71 719 S8**
Total 7137 68.81 S7* 66.47 81.29 S8** 66.95 73.65 S8**
Hardness (S2 vs. 54)

Horizontal Rotating Vertical

S2 S4 p-value S2 S4 p-value S2 S4 p-value
Buccal 94.37 96.62 S4* 94.76 96.73 S4x* 80.83 7946 NS
ABCDF Buccal 61.16 7261 S4rxx 5891 72.96 S4xxx 74.72 74.27 NS
Lingual 95.96 975 S4** 95.81 97.32 S4x* 94.12 93.11 NS
ABCDF Lingual 77.8 86.58 S4x* 7744 86.19 S4xxx 7917 80.85 NS
Mesial 69.28 76.5 S4* 60.5 72.96 S4x* 67.99 68.74 NS
Distal 68.74 74.72 S4* 58.79 66.32 Nt 583 5898 NS
Total 68.11 75.66 S4x* 62.33 72.63 S4* 67.94 68.67 NS
Hardness (S2 vs. S6)

Horizontal Rotating Vertical

S2 S6 p-value S2 S6 p-value S2 S6 p-value

Buccal 94.37 92.24 NS 94.76 92.85 NS 80.83 7991 NS
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Table 1 (continued)
Head Size

Horizontal Rotating Vertical

S1 S2 p-value S1 S2 p-value S1 S2 p-value
ABCDF Buccal 61.16 53.87 NS 5891 62.45 NS 74.72 555 S2x**
Lingual 95.96 93.98 S2** 95.81 93.78 S6** 94.12 91.51 S2*
ABCDF Lingual 77.8 69.05 S2* 7744 73.87 S2x** 7917 7044 NS
Mesial 69.28 88.68 SE*** 60.5 82.38 SE*** 67.99 70.34 NS
Distal 68.74 87.32 SE*F¥ 58.79 76.85 SE*** 583 7047 SE**¥
Total 68.11 80.31 S6** 62.33 77.32 SE*** 67.94 68.92 NS
Hardness (S4 vs. S6)

Horizontal Rotating Vertical

S4 S6 p-value S4 S6 p-value S4 S6 p-value
Buccal 96.62 9224 S4* 96.73 92.85 S4x* 79.46 7991 NS
ABCDF Buccal 7261 53.87 S4x* 72.96 62.45 S4x* 74.27 555 S4rxx
Lingual 97.5 93.98 S4** 97.32 93.78 S4** 93.11 91.51 NS
ABCDF Lingual 86.58 69.05 S4xx¥ 86.19 73.87 S4x* 80.85 7044 S4**
Mesial 76.5 88.68 S6** 72.96 82.38 SE*** 68.74 70.34 NS
Distal 74.72 87.32 SE*** 66.32 76.85 SE*** 5898 7047 S6**
Total 75.66 80.31 NS 7263 77.32 S6* 68.67 68.92 NS
Interdent Height

Horizontal Rotating Vertical

S7 S8 p-value S7 S8 p-value S7 S8 p-value
Buccal 8532 80.03 S7** 88.04 96.54 Sg* 76.94 95.39 S8*
ABCDF Buccal 46.94 68.05 SgF*¥ 53.64 7532 Sg*** 63.35 7037 S8**
Lingual 9048 93.02 S8* 9148 96.91 S8** 90.05 95.39 S8**
ABCDF Lingual 593 77.03 Sgr** 68.35 85.22 Sgx** 70.7 81.29 S8**
Mesial 78.12 68.71 S7*** 69.68 83.54 Sg*** 68.87 74.02 S8*
Distal 781 64.94 S7*** 66.47 82.21 S8** 63.71 719 S8**
Total 7137 68.81 S7* 6647 81.29 S8** 66.95 73.65 S8**

Table 1: Significantly higher percentage of plaque removal with each brushing movement using toothbrush pair indicated as: *p < 0.05; **p <0.01; ***p < 0.0001; NS: No significant

differences in any movement

Head size

The comparison between the head-size of manual
brushes S1 vs. S2 have shown in Table 1. For horizontal
movements, S1 (Compact brush) have shown greater
extent of simulated plaque removal than S2 (full head size
brush) in four of the seven tooth fields (total area score,
82.42% vs. 77.88%) and the result was statistically signifi-
cant (p<0.05). For vertical movements, S2 demonstrated
greater extent of simulated plaque removal in five of the
seven fields than S1 (total area score, 75.86% vs. 70.91%),
and the difference was statistically significant (p<0.05). A
significant difference was observed towards S1 in terms
of horizontal and vertical movements than S2. However,
for rotating movements, both brushes have shown signif-
icantly similar extent of simulated plaque removal.

Filament diameter

On comparing simulated plaque removal based on dif-
fering filament diameters for S3 (extra soft brush) and S4
(soft brush) during horizontal movements, S3 demon-
strated significantly better in simulated plaque removal
in six of the seven fields than S4 (total area score, 86.74%

vs. 75.66; p<0.05%). S3 also led to statistically signifi-
cantly superior results (p<0.01) in rotational movement
as compared to S4 (total area score, 79.98% vs. 72.63%).
Additionally, both brushes have shown similar range of
simulated plaque removal with vertical movements in all
fields apart from distal field (total area score, 69.59% vs.
68.67%). Based on brushing movements, filament diam-
eter comparison showed a significant difference favour-
ing extra soft brush (S3) efficiently removing simulated
plaque than soft brush (S4) with measurable statistical
differences (Table 1).

Cutting height

When comparing simulated plaque removal with S2
(larger cutting height-12 mm brush) and S5 (smaller cut-
ting height 9 mm brush), In horizontal movements, S2
exhibited significantly greater extent of simulated plaque
removal in all fields as compared to S5 (total area score,
68.11% vs. 47.22, p<0.01%). In rotating movements, only
four fields have shown better simulated plaque removal
favouring S2 as compared to S5 (total area score, 62.33%
vs. 57.96%). The difference in rotational movement was
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statistically significant (p <0.05). For vertical movements,
four of the fields showed significantly better simulated
plaque removal with S2 (total area score, 67.94% vs.
51.57%) as compared to S5, although in two of the fields
(Lingual and Buccal) S5 brush have also shown signifi-
cant advances. The larger cutting height brush (S2) was
better in removing simulated plaque which was statisti-
cally significant when compared to smaller cutting height
brush, S5 (p<0.05; Table 1).

Hardness

Brushes of differing hardness included the medium
hard S2 brush, the soft S4 brush and the soft S6 brush
(Table 1). Compared to S2, the softer S4 brush removed
a higher percentage of simulated plaque in all tooth fields
with both horizontal (total area score, 68.11% vs. 75.66%)
and rotating (total area score, 62.33% vs. 72.63%) move-
ments. No differences were found for vertical movements
(total area score, 67.94% vs. 68.67%). Overall, looking at
the total area score in horizontal movements, S6 exhib-
ited better simulated plaque removal in two of the fields
(total area score, 68.11% vs. 80.31%) and S2 demonstarted
better simulated plaque removal in 4 fields as compared
to S6. But the results for S2 was significant in 2 fields only
and other two were non significant when compared to S6.

For rotating movements, the softer S6 was significantly
more efficient overall and in three of the tooth fields
with no advantages for the medium hard S2 brush (total
area score, 62.33% vs. 77.32%). For vertical movements,
it was the the S2 brush that was more efficient, in three
of the areas compared to one for S6, but no advantage
was shown for the Total areas (total area score, 67.947%
vs. 68.92%). The difference was statistically significant
(p<0.05), favoring the simulated plaque removal efficacy
with soft S6 brush.

Finally, when the two soft brushes were compared, the
S4 brush was significantly better in some areas (Buccal
and Lingual, except vertical movement, ABCDF Buccal
and ABCDF Lingual, all movements), but the S6 brush
was better in Mesial and Distal areas. However, there
was little difference when examing Total area, with a sig-
nificance difference (total area score, 72.63% vs. 77.32%)
only shown for the S6 brush in the rotating movement
(Table 1).

Interdental height difference

For the horizontal movements, S7 interdental brush with
interdental cut of 10/11 mm demonstrated better simu-
lated plaque removal efficacy as compared to S8 tooth-
brush with a larger interdental cut of 8.5/11 mm (total
area score, 71.37% vs. 68.81%). The difference in some
areas i.e. Buccal, Mesial, Distal, Total reached a statistical
significance (p<0.05). However, in other areas (ABCDF
Buccal, Lingual, ABCDF Lingual), S8 demonstrated a
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significantly better performance in removing interdental
simulated plaque compared to S7. For rotating and ver-
tical movements, the S8 brush (with larger interdental
cut) removed statistically higher percentage of simulated
plaque interdentally in all areas including total areas as
compared to S7 brush (rotational: 81.29% vs. 66.47%; ver-
tical: 73.65% vs. 66.95%; p<0.01; Table 1).

The toothbrushes displayed no deformation of bristles
following the testing.

Discussion

Mechanical plaque removal by regular tooth brush-
ing facilitates the prevention of plaque-associated oral
diseases and their sequelae [14]. There are a wide range
of toothbrushes available on the market with different
designs and claims related to cleaning efficacy [15]. Labo-
ratory testing of different toothbrush design parameters
for their cleaning efficacy is essential for the development
of new prototypes. However, statistically significant dif-
ferences shown in vitro due to variations in the config-
uration of the tufts should be interpreted with caution
when inferring clinical implications. Generally, normal
brushing consists of a mixture of horizontal, vertical and/
or circular scrubbing movements, which can vary from
person to person [16]. Any laboratory testing should
therefore, be as close as possible to the real clinical condi-
tions [10]. From a bio-physical point of view, the repro-
duction of random brushing movements in the current
study were best achieved by separating the dynamic pro-
cess of tooth cleaning into these three basic movements.
Thus, this study was designed to evaluate five different
bristle parameters (head-size, cutting-height, hardness,
filament diameter and interdental-height difference) to
assess the extent of simulated plaque removal efficacy in
a clinically validated robot-based setting using horizon-
tal, rotating and vertical movements.

Studies in literature have suggested that the tooth-
brush design parameters along with technique and move-
ments of brushing largely impacts the effective plaque
removal [17]. Likewise, results of the present study also
demonstrated that different toothbrush parameters and
movements significantly influence the level of simulated
plaque removal. The circular movements during the
rotating brushing action, as used in modified bass tech-
nique of tooth-brushing, are considered to be the best
[16, 18]. These are also used in a number of commer-
cially available power toothbrushes as reflected in their
oscillating-rotating movements [19]. Thus, this forms
an important movement to be assessed. In the present
study, the simulated plaque removal was most efficient
with rotating movements as inferred from the total area
scores for all design parameters. From the results of total
area scores in present study, for rotating movements only,
the best performing toothbrush would be the one with
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a compact head as opposed to a full head, a smaller fila-
ment diameter (0.12 mm compared to 0.15 mm in this
study), a larger tuft height (12 mm compared to 9 mm),
a soft brush (0.15 or 0.18 mm filament diameter com-
pared to 0.23 mm,) and a greater difference between tuft
heights (8.5 and 11.0 mm compared to 10 and 11 mm).
For Total Area Scores, most of these variables were also
better in horizontal movements and, in general, results
for individual areas also concluded the same. However,
there were fewer differences when examining vertical
brushing movements.

Interestingly, for the toothbrush characteristic of hard-
ness; medium hard S2 brush vs. the soft S4 brush; there
was identifiably one brush more efficient than the other
in all areas. The results of the study were inconclusive for
the head size of manual toothbrushes, S1 vs. S2 (com-
pact Vs full head size). S2, full head size was significantly
more effective than S1, compact brush in vertical move-
ments (p<0.05), whereas it was vice-versa in horizontal
movements and similar simulated plaque removal with
both brushes was observed in rotating movements. This
shows how brushing movements may be important when
instructing on most efficient toothbrushing method. It
also highlights that while the rotating movements of the
Modified Bass Method may be considered better for gen-
eral oral healthcare instructions [16, 18] for people with
problems due to plaque accumulation in specific tooth
areas, adding horizontal and/or vertical movements may
be of benefit, depending on the toothbrush used and tak-
ing into account factors such as dental erosion where
over aggressive horizontal movements may be detrimen-
tal [20-22].

Yankell et al., in their study comparing 2 manual tooth-
brushes with a laboratory method also demonstrated
tapered bristles to be more effective in comparison to
the brushes with rounded bristles in a flat-head [23].
From the present study also, it could be inferred that the
toothbrush with more compact head, longer and softer
filaments of differing lengths may allow filaments to flex
more while tooth brushing, and reach more tooth-sur-
face area resulting in better and effective plaque removal.

To the authors’ best knowledge, in English literature,
this study was the first to assess the efficacy of all given
toothbrush design parameters with different brushing
movements in a single study using robot-based setting
and plaque removal calculations by APP.

A limitation of this study is that it was in vitro with a
robot carrying out the movements. For these findings to
be used to help educate patients on the best brush design
for them, complementary in vivo studies using clinical
plaque indices and/or planimetrical plaque indices and
blinded photographic assessment need to be carried out
to understand how each movement and toothbrush char-
acteristic affects plaque removal.
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Conclusion

This robot brushing in vitro study showed that overall,
filaments that were longer, softer and/or had a difference
between filament length showed greater simulated plaque
removal compared to short and hard filaments as would
be found in a standard, flat trim, stiff toothbrush with a
larger head. This study could provide further insights,
leading to improvements in toothbrush design and per-
formance. However further studies are needed to assess
clinical differences between the toothbrush parameters.

Abbreviations

APP Automated plaque planimetry
3D Three dimensional

WMW  Wilcoxon-Mann-Whitney

Acknowledgements

This study was funded by Haleon (formerly GSK Consumer Healthcare).
Editorial assistance with the preparation of manuscript drafts was provided
by Eleanor Roberts of Beeline Science Communications, Ltd., UK, funded by
Haleon (formerly GSK Consumer Healthcare).

Author contributions

AA, WDM, TL and PG have contributed to the study design and review of
the manuscript. TL and PG also performed lab work. AA and HR provided
manuscript writing assistance. All authors have read and approved the
manuscript.

Funding
This study was funded by Haleon (formerly GSK Consumer Healthcare).

Data Availability

The complete datasets generated and/or analysed in the current study are
not available publicly in the manuscript due to their lack of relevance to this
article and word count considerations. Although, they are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Study arms were performed in vitro and the artificial plastic teeth used

in the robot tooth brushing model were replicated from human teeth
(KaVo, Biberach, Germany). The simulated plaque exhibiting physiological
characteristics was clinically validated.

Consent for publication
Not applicable.

Conflict of interest

Alyson Axe and Wolf Dieter Mueller are employees of Haleon (formerly GSK
Consumer Healthcare), who provided funding for this study. Helen Rafferty
was an industrial placement student at Haleon (formerly GSK Consumer
Healthcare) at the time of the study. Tomas Lang and Peter Gaengler are
employees of ORMED Institute for Oral Medicine, who has received funding
from the study sponsor.

Received: 22 February 2023 / Accepted: 10 October 2023
Published online: 25 October 2023

References

1. Hoogteijling F, Hennequin-Hoenderdos NL, Van der Weijden GA, Slot DE. The
effect of tapered toothbrush filaments compared to end-rounded filaments
on dental plaque, gingivitis and gingival abrasion: a systematic review and
meta-analysis. Int J Dental Hygiene. 2018;16(1):3-12.



Axe et al. BMIC Oral Health

(2023) 23:796

Wilder RS, Bray KS. Improving periodontal outcomes: merging clinical and
behavioral science. Periodontol 2000. 2016;71(1):65-81.

Association AD. Mouth Healthy: Plaque: Plague; 2021 [Available from: https://
www.mouthhealthy.org/all-topics-a-z/plaque/.

Saxer UP, Yankell SL. Impact of improved toothbrushes on dental diseases. Il.
Quintessence international (Berlin, Germany: 1985). 1997;28(9):573 - 93.
Chakrapani S, Polepalle T, Kolaparthy L, Kuntcham R, Adurty C, Sirigadha

S. An evaluation of plaque removal efficacy of five commercially available
toothbrushes: a comparative clinical study. Int j dent sci. 2014;2(6A):15-20.
Ren YF, Cacciato R, Whelehan MT, Ning L, Malmstrom HS. Effects of tooth-
brushes with tapered and cross angled soft bristle design on dental plaque
and gingival inflammation: a randomized and controlled clinical trial. J Dent.
2007,35(7):614-22.

Acherkouk A, Gétze M, Kiesow A, Ramakrishnan A, Sarembe S, Lang T, et al.
Robot and mechanical testing of a specialist manual toothbrush for cleaning
efficacy and improved force control. BMC Oral Health. 2022;22(1):225.
Sharma N, Qagish J, Walters P, Grender J, Biesbrock AJ. A clinical evaluation
of the plaque removal efficacy of five manual toothbrushes. J of Clini Den.
2010;21(1)8.

Van der Weijden FA, Slot DEJ. Efficacy of homecare regimens for mechani-
cal plague removal in managing gingivitis a meta review. J of clin Perio.
2015;42:77-591.

LangT, Staufer S, Jennes B, Gaengler P. Clinical validation of robot simulation
of toothbrushing—comparative plaque removal efficacy. BMC Oral Health.
2014,14:82.

Gallagher A, Sowinski J, Bowman J, Barrett K, Lowe S, Patel K, et al. The effect
of brushing time and dentifrice on dental plaque removal in vivo. Am Dent
Hyg Assoc. 2009;83(3):111-6.

Van der Weijden G, Timmerman M, Danser M, Van der Velden UJ. Relationship
between the plaque removal efficacy of a manual toothbrush and brushing
force. J of clin peri. 1998;25(5):413-6.

Gaengler P, Lang T, Jennes B. Computer-assisted planimetrical plaque assess-
ment of robot tested toothbrushing. J J Dent Res. 2013;92:3326.

20.

21.

22.

23.

Page 9 of 9

Mehta S, Vyaasini CS, Jindal L, Sharma V, Jasuja TJ. Opinion. Toothbrush, its
design and modifications: an overview. J of Curr Med Res. 2020;3(08):570.
Needleman |, Nibali L, Di lorio A. Professional mechanical plaque removal for
prevention of periodontal Diseases in adults—systematic review update. J Clin
Periodontol. 2015;42(Suppl 16):12-35.

Poyato-Ferrera M, Segura-Egea JJ, Bullén-Ferndndez P. Comparison of modi-
fied Bass technique with normal toothbrushing practices for efficacy in
supragingival plaque removal. Int J Dental Hygiene. 2003;1(2):110-4.

Chatas R, Maksymiuk P, Pigtek D, Biezanek T, Sobieszczanski JJ. Evaluation of
the efficacy of manual toothbrushes in reducing bacterial biofilm in interden-
tal spaces—comparative analysis. J of Stomat.68(2):170-82.

Michele LD, Margaret W. Dental hygiene theory and practice. St. Louis: Saun-
ders; 2010.

Ng C, Tsoi JKH, Lo ECM, Matinlinna AJP. Safety and Design aspects of Powered
Toothbrush-A Narrative Review. Dentistry J. 2020;8(1).

Bartlett DW. The role of erosion in tooth wear: aetiology, prevention and
management. J Int dent Journal. 2005;55(54):277-84.

Lussi A, Schaffner MJ. Progression of and risk factors for dental erosion and
wedge-shaped defects over a 6-year period. Car res. 2000;34(2):182-7.
Dzakovich JJ. Oslak RRJTJopd. vitro Reprod Noncarious Cerv Lesions.
2008;100(1):1-10.

Yankell SL, Shi X, Emling RC. Laboratory evaluations of two toothbrushes for
removal of artificial plaque above, around and below the gingival margin. J
Clin Dent. 2003;14(1):19-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.mouthhealthy.org/all-topics-a-z/plaque/
https://www.mouthhealthy.org/all-topics-a-z/plaque/

	﻿Impact of manual toothbrush design on plaque removal efficacy
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Statistical testing

	﻿Results
	﻿Head size
	﻿Filament diameter
	﻿Cutting height
	﻿Hardness
	﻿Interdental height difference

	﻿Discussion
	﻿Conclusion
	﻿References


