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Abstract
Objectives: A good quality of filament tips is desirable to protect both gingiva and
dental hard tissues. The aim of the present study was to compare the end-rounding
quality of the filaments in 15 electric toothbrushes (Rowenta dentaclips ZH-07,
dentaclips ZH 010, rotaclips ZH-11; Blend-a-dent Wellenprofil 2000 hart,
Wellenprofil 2000 mittel-weich, Medic for kids; Broxos; UltraSonext; Krups 548,
Waterpiks BH-4U; Butler Gums; Dr. Best e-Flex3; Oral-Bs (EB3, EB 17-8, Plak
Control Kids)).

Material and Methods: From each brand five brushes were chosen randomly. Five
tufts were selected from each brush and studied with a scanning electron microscope
(�45) at a viewing angle of 451. The filament tips were numbered from top left to
bottom right and selected filaments were judged by a well-trained, blinded second
examiner according to the Silverstone & Featherstone method.

Results: Nine of the 15 brands examined showed a high (‘‘acceptable’’: 489%),
four products a medium (76–84%) and two a bad (34–38%) end-rounding quality.

Conclusion: A good quality of filament tips is claimed by the dental profession to
protect both gingiva and dental hard tissues from abrasion. This could be observed for
13 of the 15 brands examined.
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In the maintenance of good oral
hygiene, toothbrushing plays a key role.
For protection of mucosa, gingiva and
dental hard tissues brushes with end-
polished filaments are desirable (Anner-
oth & Poppelman 1975, Breitenmoser
et al. 1979, Bergstrom & Eliasson
1988). As early as 1948 it was reported
that gingival trauma is related to sharp
filament tips and the need for hemi-
spherical or rounded filament ends
without any sharp points or rough edges
was reinforced (Bass 1948). A double-
blind crossover study revealed that non-
rounded filaments caused a 30%
increase in gingival abrasion when
compared with rounded filament (Brei-
tenmoser et al. 1979). Three weeks of
actual toothbrush filament wear was not
found to adequately alter sharp and
pointed filament tips to a more favor-
able pattern (Klima & Rossiwall 1976).
The wear of filament tips by brushing
with an abrasive dentifrice also has not
been found to alter sharp and pointed

soft nylon filament tips (Massassati &
Frank 1982).

The degree of filament end-rounding
found in commercially available manual
toothbrushes has been studied in several
investigations. Currently, studies have
assessed the end-roundness of filament
tips using either a scanning electron
microscope (SEM) or a stereomicro-
scope for visualisation (Mulry et al.
1992, Dellerman et al. 1994, McLey
et al. 1997). When SEM is used, three
different methods classify the degree of
roundness: direct comparison of the tips
to a grading scale (Althaus et al. 1990,
Muller et al. 1992, Bienengraber et al.
1995, Jung et al. 2003, Meyer-Lueckel
et al. 2004a, b), comparison with a
grading scale by computerized image
analysis (Silverstone & Featherstone
1988), or by shape factor (SF) analysis
(Rawls et al. 1993a, b, Meyer-Lueckel
et al. 2004a). It was revealed that the time-
consuming SF analysis was as reliable as
the visual comparison with a grading scale

when examiner blinding was assured
(Meyer-Lueckel et al. 2004b).

Since no data about the end-round-
ness of the filaments of electric tooth-
brushes are available in the dental
literature, the aim of the present study
was to evaluate the quality of filament
tips of 15 different brands by a single
well-trained blinded examiner.

Material and Methods

From each of 15 different European
brands of electric toothbrushes, five
brushes were purchased from various
drug stores in Germany (Table 1). In
order to perform a blind comparative
analysis, the filaments were prepared by
one examiner and the different brands
were each assigned a code number.

The tufts of each toothbrush were
numbered in rows from left to the right,
starting at the top of each brush moving
down to the neck of each brush. The
number of tufts varied from 14 to 40.
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From each brush five tufts were chosen
randomly ensuring that any possible
location of a tuft was at least examined
once (Fig. 1a, b). The remaining tufts
were cut off using a surgical scissor.
The grips were removed (Exakt Tren-
nschleifsystem, Norderstedt, Germany),
the brushes cleaned under running tap
water and dried in an incubator. Subse-
quently, the samples were mounted on
special SEM holders (Plano, Wetzlar,
Germany) and SEM’s (CamScan MaX-
im 2040, Camscan, Cambridge, UK)

were taken by the first examiner at a
viewing angle of 451 relative to the long
axis of the filaments. The filament tips
were numbered from 1 to 30 in vertical
rows starting up left to bottom right.
Then, from each tuft every sixth filament
was chosen, ensuring that counting
started with different numbers for each
tuft of the same brush (Fig. 1c). The
filament ends were graded according to
the Silverstone and Featherstone scale
(Fig. 1d) by a well-trained blinded second
examiner (Silverstone & Featherstone

1988). The numbers of ‘‘acceptable’’
and ‘‘not acceptable’’ rounded filaments
were analyzed using adjusted w2 test at a
5% level of significance.

Results

Representative scanning electron micro-
graphs of the brushes of six brands
examined revealed differing end-round-
ing qualities (Fig. 2). A tuft with a
multilevel (rippled) filament design
showed sufficient filament end-rounding
of the longer filaments, whereas the
shorter ones were partly not acceptably
rounded ((a) Blend-a-dent Wellenprofil
2000 hart; Proctor and Gamble, Schwal-
back, Germany). This was not the case in
another brush with a multilevel filament
design, where most of the filaments were
badly rounded ((b) UltraSonext (Dent-
O-Care, Hoehenkirchen, Germany)). For
flat filament designs various qualitative
observations could also be made. The
tufts of some brands showed smooth
filaments with perfect end-rounding ((c)
Rowenta rotaclips ZH-11 (SEB group,
Offenbach, Germany), (d) Oral-Bs Plak
Control Kids (Braun Oral-B, Gillette
Group, Kronburg, Germany)), while
others had some unfavorable end-rounded
tips ((e) Blend-a-dents Medic for Kids;
Proctor and Gamble) The filament tips of
one brand were mainly not acceptably
end-rounded ((f) Butler Gums (John
O. Butler Europe, Kriftel, Germany)).

The quantitative evaluation (Table 1)
revealed a very good quality (percentage
of ‘‘acceptable’’ filaments 489%) for
nine of the 15 brands examined. The
percentages of acceptably rounded tips
were significantly higher for Rowenta
dentaclips ZH-07 (SEB group), Water-
piks BH-4U (Waterpik, Lenzhahn, Ger-
many) and Rowenta rotaclips ZH-11
compared with the six worst brands
examined (po0.05; adjusted w2 test).
Two of these products (Butler Gums,
UltraSonext) showed a significantly low-
er percentage (38% and 34%) of well end-
rounded tips than all others (po0.05).

Discussion

Several studies have shown the injury
potential of sharp non-rounded filament
tips on gingival abrasion (Alexander et al.
1977, Breitenmoser et al. 1979). Con-
siderable efforts have been made by
manufacturers to end-round filaments,
particularly for those brush heads with
multilevel filament designs. The degree of
end-roundness has been promoted to the

Fig. 1. From each brush five tufts were chosen randomly (a) and five filaments within each
tuft (b) were classified as ‘‘acceptable’’ or ‘‘not acceptable’’ end-rounded based on the
Silverstone and Featherstone grading scale (c) (Meyer-Lueckel et al. 2004b).

Table 1. Number of tufts and percentage of acceptably end-rounded filaments of the toothbrush
brands examined (n5 5)

Product Manufacturer No. of tufts Acceptable (%) Significance

Rowenta dentaclips ZH-07 SEB group 22 98 A
Waterpiks BH-4U Waterpik 21 98 A
Rowenta rotaclips ZH-11 SEB group 14 96 A
Dr. Best e-FLEX3 Glaxo SmithKline,

Bühl, Germany
40 93 AB

Rowenta dentaclips ZH 010 SEB group 14 91 ABC
Krups 548 Krups, Solingen,

Germany
26 91 ABC

Oral-Bs EB3 Braun Oral-B 28 91 ABC
Oral-Bs Plak Control Kids Braun Oral-B 24 90 ABCD
Broxos hard Broxo 28 89 ABCD
Blend-a-dent Wellenprofil

2000 hart
28 84 BCD

Blend-a-dent Wellenprofil
2000 mittel-weich

Procter & Gamble 28 78 CD

Blend-a-dent Medic for kids 23 78 CD
Braun Oral-Bs Flexisoft
EB 17-8

Braun Oral-B 26 76 D

Butler Gums for E1 Butler 23 38 E
UltraSonext Dent-O-Care 35 34 E

Significant differences in end-roundnesss quality beween the various brands are indicated with

different letters ( po0.05; adjusted w2 test).
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dental profession as a sign of quality and
is supposed to be taken into consideration
when recommending a toothbrush.

In a recent study, it was shown that
end-rounded nylon filaments wear flat
during normal use within several min-
utes (McLey et al. 1997). Here, used
filaments were compared with new
ones, that might lead to false negative
results, because the filaments examined
might not have shown an ‘‘acceptable’’
degree of end-roundness before the
brushing procedure started. Therefore,
it is not assured that end-roundness may
be only a transient feature, although this
has been reported for hard filaments
(Massassati & Frank 1982).

The viewing equipment used in end-
rounding studies includes either the use
of a stereomicroscope or a SEM. The
three-dimensional-impression (although
being only two dimensional) of SEM

images enables the examiner to deter-
mine differences in surface texture and
the superior depth of focus of these
images allows for judging various fila-
ments within a tuft at the same time
(Drisko et al. 1995). Therefore, in the
present study, SEM images have been
used to obtain accurate projections of
the filaments. For both methods it has to
be taken into account that a three-
dimensional filament tip is converted
into a two-dimensional image that does
not allow for analysis of the hidden side
of the filament tip when images are
taken either with a video or conven-
tional camera. Therefore, some false
positive judgements or measurements
are expected with either the SF analysis
or the comparison with a grading scale
(Drisko et al. 1995).

It has been demonstrated that the
original form of a filament tip may be

altered by traditional sputter coating
prior to an examination by SEM (Fran-
chi & Checchi 1995). Therefore, a
low-vacuum SEM method where no
gold-palladium coating is needed was
used in the present study.

A review about end-roundness stu-
dies commented that blinding has not
been reported in earlier end-roundness
studies (Drisko et al. 1995). Two recent
studies contained no information about
the blinding procedure (Checchi et al.
2001, Jung et al. 2003). Since the shape
of the brush heads might be known by
the person who judges the filament
ends, in the present study one examiner
prepared the brush samples and took the
SEM images, whereas a trained second
examiner judged the filament tips.
Therefore, a complete blinding of the
examiner could be ascertained.

A former study revealed that a view-
ing angle of 451 allows more filaments
from various locations within a tuft to
be judged and showed comparable end-
rounding results as from 901. Moreover,
this study revealed that the SF analysis
(Rawls et al. 1993a, b), which is a time
consuming but semi-quantitative meth-
od, results in similar values for end-
rounding measurement as the subjective
comparison with a grading scale when
intra- or inter-examiner reliability is
given and blinding is ascertained
(Meyer-Lueckel et al. 2004b).

Moreover, the number of brushes of
each brand examined is crucial to obtain
reliable data. In a former study it has
been shown that the average number of
‘‘acceptable’’ rounded filamentends dif-
fered significantly between two and four,
but not between four and six brushes
studied per brand (Meyer-Lueckel et al.
2004b). Therefore, five brushes of each
brand were chosen for end-rounding
evaluation in the present study.

Numerous studies (Kockapan & Wet-
zel 1987, Althaus et al. 1990, Mulry
et al. 1992, Rawls et al. 1993a) on the
end-rounding quality of filament tips in
various brands have been published. In
Fig. 3 investigations focusing on at least
three of four brands of manual tooth-
brushes are depicted. In the present
study evaluating the tips of electric
brushes for the first time, a good quality
could be found for most of the products.
In former studies for Oral-Bs (Silver-
stone & Featherstone 1988, Muller et al.
1992, Rawls et al. 1993b, Dellerman
et al. 1994, Bienengraber et al. 1995,
Checchi et al. 2001, Jung et al. 2003,
Meyer-Lueckel et al. 2004a) some ‘‘not

Fig. 2. Representative scanning electron microscope (SEM)’s of various tufts: (a) Blend-a-
dent Wellenprofil 2000 hart, (b) UltraSonext, (c) Rowenta rotaclips ZH-11, (d) Oral-Bs

Plak Control Kids, (e) Blend-a-dents Medic for Kids, (f) Butler Gums.
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acceptable’’ filaments could be shown
within the tufts, whereas brushes from
Colgates (Silverstone & Featherstone
1988, Muller et al. 1992, Rawls et al.
1993b, Dellerman et al. 1994, Bienen-
graber et al. 1995, Jung et al. 2003,
Meyer-Lueckel et al. 2004b) and Blend-
a-dents (Silverstone & Featherstone
1988, Muller et al. 1992, Rawls et al.
1993b, Bienengraber et al. 1995, Jung
et al. 2003) were judged quite incon-
sistently, suggesting a great variance in
end-rounding quality depending on the
brush type. On the other hand brushes
from Butlers showed a high number of
‘‘not acceptable’’ filaments in former
studies (Muller et al. 1992, Rawls et al.
1993b, Dellerman et al. 1994, Checchi
et al. 2001), which could be confirmed
in the present investigation for electric
toothbrushes.

The end-rounding quality of filaments
of electric toothbrushes were studied for
the first time. It can be concluded that
most of the brands examined showed an
acceptable quality (13 of the 15 brands).
Nevertheless, in numerous studies a
wide range of qualities has been reported,
confirming the need for effective quality
control in the future.
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Fig. 3. Percentage of ‘‘acceptable’’ rounded filaments of four manufacturers (Oral-Bs,
Colgates, Butlers and Blend-a-dents reported in various studies (details see text).
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