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Objective: This in vitro study aimed to evaluate the susceptibility of sound and
eroded dentine to brushing abrasion performed by different rotating—oscillating,
sonic and ultrasonic toothbrushes.

Methods: Toothbrushing abrasion (20 cycles, each 30 s) was applied to bovine
dentine samples (each subgroup n = 10) exhibiting both a demineralized (each
cycle: 1% citric acid, pH: 2.3, 60 s; 30 min remineralization in artificial saliva) and
a sound surface area. Toothbrushing was performed in an automatic brushing
machine with the rotating—oscillating, sonic and ultrasonic toothbrushes either (a)
activated, supplemented by 20 strokes/min of the brushing machine, (b) inacti-
vated, supplemented by 20 strokes/min of the brushing machine or (c) inactivated,
supplemented by 80 strokes/min of the brushing machine. A manual toothbrush
was applied with 20, 80 or 100 linear strokes/min. Specimens of the control group
were not brushed after erosion. After each cycle, the samples were stored in
artificial saliva for 4 h. After 20 cycles, loss of sound and softened dentine was
determined by profilometry. Mann—Whitney—Wilcoxon test and Bonferroni cor-
rections were applied to the data (p < 0.05).

Results: For all groups, demineralized dentin areas exhibited significantly higher
abrasion values than the respective sound dentine surfaces. However, mean den-
tine loss of both softened and sound dentine was higher after use of the rotating—
oscillating, sonic and ultrasonic brushes with the activated regime [(a) eroded
dentine: 9.94-16.45 um; sound dentine: 3.31-5.47 um)] than after brushing with the
inactivated regimes [(b) eroded dentine: 5.10-5.62 pm; sound dentine: 1.16—

1.81 um; (c) eroded dentin: 7.64-8.89 pum; sound dentine: 1.38-1.69 pm].

Conclusion: The results indicate that rotating—oscillating, sonic or ultrasonic
action of the power toothbrushes leads to an increased loss of demineralized and
sound dentine.
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literature (1-4). Tooth wear is a
cumulative multifactorial lifetime pro-
cess involving different interrelated

In recent years, non-carious loss of
dental hard tissues as a result of tooth
wear is increasingly reported in the

chemical and physical processes,
mainly erosion, abrasion and attrition.
These chemical and physical processes
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may act synchronously or sequently
with one factor prevailing (5-7).

For mechanical wear, most attention
has been focused on toothbrushing
abrasion, which is known to increase
loss of eroded dental hard tissues and
is also associated with the development
of cervical wedge-shaped lesions (8-
12). Thereby, in situ and in vitro stud-
ies indicated that toothbrushing abra-
sion of eroded and sound dental hard
tissues may be related to the abrasivity
of the dentifrice (13-16). The tooth-
brushing abrasion is modified by
brushing variables, such as timepoint
of brushing after an erosive attack,
frequency of toothbrushing and
brushing force (8, 17-21). Moreover,
characteristics of the bristles, such as
filament stiffness and end-rounding,
have been assumed to influence hard
tissue abrasion (22-25).

However, up to the present, most
studies have focused on toothbrushing
abrasion by manual toothbrushes (22,
23, 26), but there is a lack of studies
concerning the influence of different
types of power toothbrushes on abra-
sion of dental hard tissues. In a previ-
ous study, it was shown that different
power and sonic toothbrushes vary in
their ability to remove the fragile sur-
face of demineralized enamel (27).
However, in patients with severe tooth
wear, sustained loss of enamel or
cementum and periodontal tissues may
also lead to the exposure of dentine.
In vitro, both coronal and root dentine
are less susceptible than enamel to
acid-induced surface loss and to com-
bined erosion and ultrasound abrasion
(5, 28-30). This fact is attributed to the
acid-stable collagen matrix of dentine,
which may accumulate over the sur-
face, acting to reduce the rate of ero-
sion (29, 30). In contrast, in situ studies
found an increased susceptibility to
demineralization and toothbrushing
abrasion (alone or combined) for den-
tine compared to enamel (14, 31, 32).

Currently, it is suggested that
toothbrushing with manual and power
toothbrushes produces limited dentine
wear in a lifetime of use (20, 22, 23).
Even so, Sorensen and Nguyen (33)
and Schemehorn and Zwart (34) found
that manual and power toothbrushes
appear to differ in the transportation

of toothpaste and the resulting abra-
sion of sound dentine specimens. In
these studies, significantly higher den-
tine loss was produced by manual
compared to powered toothbrushes
(33, 34). In contrast, Efraimsen et al.
(35) found no differences in abrasion of
native dentine between a conventional
and an electrical rotating toothbrush.
However, the susceptibility of erosively
demineralized dentine to abrasion
performed by electric toothbrushes has
not been investigated to date.

In recent years, a number of new
power toothbrushes with different
motions (e.g. rotating, oscillating,
sonic or ultrasonic operating systems)
have been introduced on the interna-
tional market. Due to the fact that
toothbrushing is related to abrasion of
native and progression of eroded den-
tal hard tissues, this study aimed to
assess the effects of different electric
toothbrushes on both sound and ero-
ded dentine. The collagen matrix of
softened dentine might maintain the
integrity of the superficial layer leading
to a reduced susceptibility to ultraso-
nication (29). Therefore, it is especially
interesting to analyse the abrasion of
eroded dentine by ultrasonic tooth-
brushes in comparison to manual
toothbrushes.

Material and methods

Preparation of dentine specimens

Two hundred and ten freshly extracted
bovine intact incisors were stored in
0.9% NaCl solution at room tempera-
ture until required. The teeth were
sectioned at the cementum—enamel
junction using a water-cooled diamond
bandsaw (Exakt, Norderstedt, Ger-
many). Afterwards, the roots were
embedded in acrylic resin (Technovit
4071, Heraeus Kulzer, Wehrheim,
Germany), ground flat and polished
with water-cooled carborundum discs
(500, 800, 1000, 1200, 2400 and 4000
grit, Water Proof Silicon carbide
Paper, Stuers, Erkrat, Germany).
Thereby, the cementum layer was
completely removed. The exposed
dentine surface was scrutinized under a
light microscope (Zeiss, Oberkochen,
Germany) at 40 X magnification to

ensure that no cementum islands were
left. The thickness of the removed
outermost dentine layer amounted to
approximately 200 um and was con-
trolled with a micrometer (Digimatic®
Micrometer, Mitutoyo, Tokyo, Japan).
Surface microhardness of the samples
were determined as a criterion for
stratified allocation of the samples
among 10 groups. The specimens were
distributed among 21 groups with 10
samples each.

The polished surfaces of the speci-
mens were covered with adhesive tape
(Tesa®, Beiersdorf, Hamburg, Ger-
many), leaving a 10 x 2 mm window.
This tape was stuck to the dentine
surface throughout the whole experi-
ment and ensured the maintenance of
reference surfaces to measure the depth
of the abrasion grooves thereafter.
Prior to the experiment, the samples
were stored for 24 h in artificial saliva
formulated by Klimek et al. (36).
Before storage in citric acid, half of
each surface window was covered with
tape to prevent demineralization.

Experiment

The experiments were conducted in 20
abrasion cycles (Fig. 1). In each cycle,
demineralization of the dentine surfa-
ces was performed by storage of the
specimens in 1% citric acid (pH 2.3)
for 60 s. After each demineralization,
the tape protecting the sound area was
removed. This procedure allows both
sound and eroded surfaces of the den-
tine samples to get brushed. The sam-
ples were rinsed with tap water for 20 s
and transferred to 500 ml artificial
saliva for 30 min.

The abrasion experiment (30 s each
cycle) was performed in an automatic
toothbrushing  machine  (Willytec
GmBH, Grifelfing, Germany) applying
reciprocating linear motion to the
toothbrushes. The toothbrushes were
fixed in the holder of the brushing ma-
chine, allowing alignment of the tooth-
brushing head parallel to the surface of
the samples. A 250 g weight was placed
on the centre of the holder to provide a
brushing force of about 2.5 N. A mix-
ture containing artificial saliva and
fluoridated toothpaste (Elmex® tooth-
paste, GABA, Lorrach, Germany;
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Bovine dentine samples; n=210
Storage in artificial saliva; 24h
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(1% citric acid; pH: 2.3; 60 s)
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Brushing treatment in an automatic brushing machine
(reciprocal linear movement; load 2.5N; 30 s,
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a) activated toothbrushes, supplemented by 20 strokes/min
b) inactivated toothbrushes, supplemented by 20 strokes/min
¢) inactivated toothbrushes, supplemented by 80 strokes/min
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Remineralisation (artifical saliva; 4 h)

Profilometric measurement of dentin loss

Fig. 1. Design of the study.

relative dentine abrasion (RDA) value:
77) in a ratio of 1:3 was used as slurry.
After each cycle, the slurry (20 ml) was
changed and the samples were again
stored in artificial saliva for 4 h. Prior
to the next demineralization, the sound
area of the specimens was again covered
with tape. To assure that the tape was
placed over the original sound dentine
area, the position of the tape was
marked by carving with a scalpel prior
to the experiment.

Ten samples of each group were
brushed with the rotating—oscillating,
sonic or ultrasonic toothbrushes (a)
activated, supplemented by 20 strokes/
min of the brushing machine, (b)
inactivated, supplemented by
20 strokes/min  of the  brushing
machine or (c) inactivated, supple-
mented by 80 strokes/min of the
brushing machine.

Due to the observation that manual
toothbrushing of one sextant is per-
formed for 10-20 s with a frequency of
4.5 strokes/s (40), it could be assumed
that during regular toothbrushing
45 strokes are applied to each tooth.
Therefore, in regime (c) the inactivated
and manual brushes were applied with
80 strokes/min (= 40 strokes each
cycle). The activated electric devices
were applied with less frequency com-
pared to manual brushing (20 linear
strokes/min = 10 strokes each cycle)
because it was assumed that patients
perform power toothbrushing with a
similar brushing technique but less
movement compared to manual

brushing. To estimate the influence of
the linear motion of the brushing ma-
chine, the devices were also applied
inactivated with 20 strokes/min.

The manual toothbrush (aronal®,
medium filament stiffness, GABA,
Lorrach, Germany) was applied with
20, 80 or 100 linear strokes/min to each
10 specimens. Specimens of the control
group were cycled through 20 alter-
nating demineralizations and reminer-
alizations without brushing treatment.

Brushes

Seven commercially available manual,
rotating—oscillating, sonic and ultra-
sonic toothbrushes were used in this
investigation (Fig. 2). Manufacturers’
information about the individual
movement action of the toothbrushes
is given in Table 1. The electric devices
were categorized by the manufacturers’
description of the toothbrushes. Addi-
tional information about the filament
stiffness could not be obtained from
the manufacturers.

-
—_—
—
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Aronal® toothbrush (medium fil-
ament stiffness, GABA, Lorrach, Ger-
many) was used as a manual
toothbrush. The head of the Sonicare®
elite 7000 toothbrush was modified by
removing the filaments of the rim of
the head to achieve a flat position of
the toothbrush relative to the dentine
surface.

Measurement of dentine loss

After 20 cycles, all tapes were removed
from the samples and the specimens
were dried with cotton-wool pellets.
Loss of dentine in the exposed sound
and eroded surface areas was quantita-
tively determined by profilometry
(Mahr Perthometer, Goéttingen, Ger-
many). Prior to the experiment, basic
surface profiles were obtained from all
specimens to get reference surfaces for
calculating dentine loss. For profilo-
metric measurements, the diamond
stylus moved across the brushing
grooves and the unbrushed dentine
perpendicular to the direction of the
toothbrushing movement. Five profile
measurements were performed in the
centre of each specimen at intervals of
500 pum and averaged. The length of the
profile measurements amounted to
250 um, with recording of measure
points every 0.69 pm. With specially
designed software (Mahr Perthometer
Concept version 7.0, Mahr, Géttingen,
Germany) the average depth of the
abraded sound and demineralized
surface area of the specimens relative to
the basic surface profiles was calculated.

Statistical analysis

Statistical analysis (Mann—Whitney—
Wilcoxon test) was performed by
using the software package SAS (SAS

#lE

Ultrasonic Sonic 1 Sonic 2 Sonic 3 Sonic 4 Rotation- Manual
oscillation
Ultrasonex ™ Sonicare ® Dentasonic® Sonicmax®  Oral-B® sonic Oral-B® 3D aronal®
elite 7000 SR 700E complete excel

Fig. 2. Toothbrush head configuration and arrangement of the bristles of the tested manual,

rotating-oscillating sonic and ultrasonic toothbrushes.
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Table 1. Individual movement of the electric devices according to manufacturers’ information

Type Manufacturer Name

Ultrasonic Salton Ultrasonex ™
(Manchester, UK)

Sonic 1 Philips Sonicare® elite 7000
(Hamburg, Germany)

Sonicare® elite 7000

Sonic 2 Rowenta Dentasonic
(Offenbach, Germany)

Sonic 3 Waterpik Sonicmax® SR 700E
(Lenzhahn, Germany)

Sonic 4 Braun-Oral-B Oral-B® sonic complete

(Kronberg, Germany)

Rotation—oscillation Braun-Oral-B

Oral-B® 3D excel

(Kronberg, Germany)

Oral-B® 3D excel

Frequency
(Hz)

Ultrasonic wave:
1.6 MHz

260

normal power level

Vibration
(strokes/min)

Sonic carrier wave:
18,000 strokes/min
31,000°

130 15,500%
lower power level

233 28,000
250 30,000%
260 31,000*
‘clean’ power level

60° 7,600°
340° 40,000°
normal power level

30° 3800°
170°¢ 20,000°

lower power level

“Side-to-side movement.
PRotation-oscillation, rotation angle: 45°.
“Pulsation.

Institute Inc., Cary, NC, USA). Bon-
ferroni corrections were applied to the
data to account for multiple compari-
sons. Level of significance was set at
p < 0.05.

Results

In Table 2, mean loss (= SD) of sound
and eroded dentine areas after 20
cycles is presented.

For all groups, demineralized den-
tine areas exhibited significantly higher
abrasion values than the respective
sound dentine surfaces. For eroded
surfaces, electric toothbrushing led to
significantly higher dentine loss com-
pared to the control (= erosion with-
out brushing: 5.02 £ 0.32 um),
whereas dentine loss due to the inacti-
vated brushes was mostly not signifi-
cantly different from the unbrushed
samples.

However, dentine loss of both sound
and demineralized dentine was higher
after toothbrushing with the activated
(regime a) than after brushing with the
inactivated power, sonic and ultrasonic
brushes at 20 strokes/min (regime b).
Furthermore, in the majority of
groups, electric toothbrushing (regime
a) led to significantly higher abrasion

values than the simulation of manual
toothbrushing (regime c).

Discussion

This study was conceived as a basic at-
tempt to gather data about the suscep-
tibility of sound and eroded dentine to
toothbrushing abrasion by different
rotating—oscillating, sonic and ultra-
sonic toothbrushes. Due to the complex
interaction of dentifrice and toothbrush
during toothbrushing, it was assumed
that the different operating systems (e.g.
rotation, oscillation, vibration, sonica-
tion and ultrasonication) of the electric
devices may lead to a modification of
dentifrice transportation over the tooth
surface and therefore to an alteration of
toothbrushing abrasion.

According to previous studies (22, 23,
27, 37) and due to the fact that tooth-
brushing frequency rather than tooth-
brushing technique seems to be
associated with abrasion (38, 39), the
abrasion experiment in the present
study was performed in an automatic
toothbrushing machine allowing for
standardized treatment of the samples.
The brushing machine applied linear
brushing strokes to the dentine speci-
mens to simulate a scrubbing tooth-

brushing technique. The head of the
sonic brush 1 had to be modified to
guarantee optimal contact of the bristles
with the dentine surface. This could
have caused brushing abrasion different
from the original brushing head. How-
ever, the aim of the study to evaluate the
impact of sonic action on brushing
abrasion of dentine could still be pur-
sued despite the modification of the
bristles.

The demineralization by citric acid
for 60 s is representative of the effects
that can be assumed after consumption
of an acidic beverage. Prior to tooth-
brushing, the dentine specimens were
stored in artificial saliva for 30 min.
This period is in accordance with Attin
et al. (10), who demonstrated in an
in situ investigation that for protection
of eroded dentine surfaces, at least
30 min should elapse before tooth-
brushing.

As in other studies evaluating the
susceptibility of dentine to erosive or
abrasive attacks, bovine dentine speci-
mens were used as a substitute for hu-
man teeth (16, 41, 42). A comparison
of the abrasion behaviour of human
and bovine dentine revealed that roots
of bovine mandibular incisors can
be used instead of human roots for
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Table 2. Mean (£ SD) dentine loss (um) in the experimental groups
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Demineralized dentine

regime a
activated
+ 20 strokes/min

regime b
inactivated
+ 20 strokes/min

Sound dentine

regime ¢
inactivated
+ 80 strokes/min

regime a
activated

+ 20 strokes/min

regime b
inactivated
+ 20 strokes/min

regime ¢
inactivated
+ 80 strokes/min

Ultrasonic 10.462 5.34B< 8.36¢ 3.994 1.168 1.438
(2.34) (0.89) (1.14) (1.36) (0.33) (0.57)
Sonic 1/normal 14.314 5.42B¢ 7.738 3.93% 1.288 1.69®
(3.12) (1.07) (2.13) (1.45) 0.11) (0.33)
Sonic 1/reduced 12.98* 5.42B° 7738 3314 1.288 1.69MB
(1.28) (1.07) (2.13) (1.38) 0.11) (0.33)
Sonic 2 12.204 5.10B¢ 7.648¢ 3.60% 1.208 1.428
(2.03) (0.42) (2.15) (1.12) 0.22) (0.51)
Sonic 3 16.454 5.498¢ 7.818¢ 5.414 1.818 1.388
(4.58) (1.18) (2.03) (2.40) (0.51) (0.39)
Sonic 4 9.94" 5.19B¢ 8.89B< 3.69" 1.12B 1.6148
(2.36) (1.32) (2.20) (1.52) (0.52) (0.92)
Rotation—oscillation/ 15.25" 5.62B¢ 8.79¢ 5.47° 1.16° 1.538
normal (2.15) (0.88) (1.58) (1.79) (0.34) 0.17)
Rotation—oscillation  12.82" 5.62B¢ 8.79¢ 4.68" 1.16° 1.538
reduced (2.37) (0.88) (1.58) (1.80) (0.34) 0.17)
Demineralized dentine Sound dentine
100 strokes/min 20 strokes/min 80 strokes/min 100 strokes/min 20 strokes/min 80 strokes/min
Manual 7514 4,998 5.20MBe 1.934 1.184 1.73A
(1.32) (0.69) (1.00) (0.93) (0.25) (0.81)

For all groups, demineralized dentine surfaces exhibited significantly higher abrasion values than the respective sound dentine area. Within the
demineralized and sound specimens, values with same superscript capital letter in one line were not significantly different. Abrasion values of
demineralized specimens marked by ¢ were not significantly different from the control (erosion without brushing: 5.02 um + 0.32).

in vitro studies of the mechanical
effects of toothbrushes and toothpastes
on dentine (43).

The results of the present study con-
firm previous studies that showed that
softened dentine is more susceptible to
toothbrushing abrasion than sound
dentine (41, 42, 44). Comparison of
dentine loss of sound and demineralized
surface areas clearly demonstrates the
adverse effect of erosive solutions.

It is likely that the collagen matrix of
dentine, which serves to reinforce the
softened zone of dentine against fur-
ther erosive attacks, is removed by
power toothbrushing. As a result,
dentine samples might be more sus-
ceptible to further erosion and abra-
sion. Due to the fact that abrasion by
toothbrushing with the inactivated
devices or the manual brushes applied
with 20 strokes/min was not signifi-
cantly increased compared to the
unbrushed samples, the abrasion of
demineralized dentine could be attrib-
uted to the movement and activity of

the operating system and not to the
linear brushing strokes.

However, in most groups both acid-
challenged and sound dentine showed
higher wear after brushing with the
activated electric toothbrushes than
after simulation of manual toothbrush-
ing in the inactivated mode. These re-
sults are in contrast to the studies of
Sorensen and Nguyen (33), Schemehorn
and Zwart (34) and Efraimsen et al.
(35), who found either higher abrasion
of sound dentine by manual tooth-
brushing or no difference between
manual and power toothbrushing. The
differences might be partly explained by
differences in study design. Sorensen
and Nguyen (33) found higher dentine
wear for brushing treatment with a
manual toothbrush compared to power
toothbrushing, but power toothbrush-
ing was applied with less brushing force
compared to the manual brush.

The data of the present study indi-
cate that the frequency and kind of
movement of the activated -electric

toothbrushes influence the abrasion,
maybe by affecting the transportation
of toothpaste. Thereby, it remains
possible that the application of the
tested brushes in combination with
dentifrices of various RDA values
might induce different abrasion. How-
ever, due to the fact that this study was
conceived as a basic attempt to gather
data about the susceptibility of dentine
to brushing abrasion by different elec-
tric toothbrushes, only one dentifrice
was used. Beside the frequency of
brushing, linear or rotary brushing
motion are suggested as relevant for
abrasion. Dyer et al. (23) investigated
abrasion of acrylic specimens brushed
with different manual brush heads with
linear or rotary motion. Overall,
abrasion was higher with the linear
action than the rotary action. Because
the individual movement of the tested
rotating—oscillating, sonic and ultra-
sonic toothbrushes is very complex
(e.g. rotation, oscillation, vibration), it
could not clearly be shown which
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motion is relevant for the amount of
abrasion. Finally, it might be discussed
whether variations in bristle design,
e.g. material, length, thickness, com-
pactness and tip geometry, might affect
toothbrushing abrasion. Due to the
fact that simulation of manual tooth-
brushing of sound dentine caused
similar abrasion values for the different
devices, it might be speculated that the
influence of filament variations might be
small when manual toothbrushing is
performed to sound dentine with a fre-
quency of up to 80 strokes/min. How-
ever, for eroded dentine, abrasion
increased with increasing frequency of
brushing. Thereby, filament parameters
might affect gliding behaviour of the
bristles and dentine wear as a sequela.

Under the premise that the tested
brushes are applied for the same time
interval and similar brushing technique
and force, the results of this investiga-
tion indicate that loss of sound
and demineralized dentine may be
increased by rotating—oscillating, sonic
and ultrasonic toothbrushes depending
on the devices used.
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