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1  |  INTRODUC TION

Toothpastes are loaded with abrasive particles in order to enhance 
the ability to remove stains and dental plaque. Abrasives are also 

known to be able to remove sound exposed dentine, the so-called 
‘abrasive dentine wear’. The amount of sound dentine removed 
during toothbrushing depends on many factors (e.g., type of the 
toothbrush, force applied while brushing, duration and frequency of 
toothbrushing, abrasivity of the used toothpaste).1
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Abstract
Objective: This in vitro study aimed to investigate the effect of a sonic toothbrush 
on the resulting abrasive dentine wear using toothpastes with different abrasivities 
compared to the use of a manual toothbrush.
Methods: Ninety-six bovine dentine samples were divided into six groups and sub-
jected to a brushing sequence (sonic: 20 min, 0.9 N, 10 strokes/min; manual: 20 min, 
1.6 N, 60 strokes/min) as follows: group 1: Elmex Sensitive Plus (RDA = 28) + manual 
toothbrush; group 2: Elmex Sensitive + sonic toothbrush; group 3: Elmex Kariesschutz 
(RDA  =  65) + manual toothbrush; group 4: Elmex Kariesschutz +sonic toothbrush; 
group 5: Colgate Total Original (RDA  =  121) + manual toothbrush; and group 6: 
Colgate Total Original +sonic toothbrush. The abrasive dentine wear was measured 
profilometrically.
Results: The median (IQR) abrasive dentine wear was as follows: Elmex Sensitive Plus 
(manual toothbrush: 2.7 µm (0.8), sonic toothbrush: 3.1 µm (1.9)); Elmex Kariesschutz 
(manual toothbrush: 4.9 µm (1.4), sonic toothbrush: 6.4 µm (2.1)); and Colgate Total 
Original (manual toothbrush: 5.2 µm (1.1), sonic toothbrush: 9.0 µm (3.1)). Differences 
in dentine wear between sonic and manual toothbrushes were statistically signifi-
cant only in the groups brushed with Elmex Kariesschutz and Colgate Total Original 
(p ≤ 0.05).
Conclusion: Brushing with a sonic toothbrush could result in a higher abrasive dentine 
wear compared to manual toothbrush when combined with toothpastes with high 
abrasivity values.
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Powered toothbrushes were first introduced to the market in the 
early 1960s and started to be considered as a legitimate alternative 
to manual toothbrushes.2 The difference between powered and 
manual toothbrushes regarding the resulting abrasive dentine wear 
has already been investigated. Bizhang et al.3 and Wiegand et al.4 
reported that powered toothbrushes led to an increased abrasive 
dentine wear compared to manual toothbrushes, under the premise 
that both were used with the same pressure. This was attributed to 
the more movements performed by the filaments of the sonic tooth-
brushes. However, in each of these studies, only a single toothpaste 
was used (RDA = 150 and 77, respectively).

It could be speculated that toothpastes with different abrasiv-
ity values would interact differently when dentine is brushed with 
a manual or powered toothbrush. This study was therefore carried 
out to investigate the resulting abrasive dentine wear while using a 
powered (sonic movements) or a manual toothbrush and toothpaste 
slurries with different abrasivity values (namely RDA = 28, 65 and 
121) in vitro. The null hypothesis of this study was that sonic and 
manual toothbrushes would cause the same amount of abrasive den-
tine wear when using toothpastes with different abrasivity values.

2  |  STUDY POPUL ATION AND 
METHODOLOGY

Sixty-nine dentine samples were milled out of 16 bovine permanent 
incisors (six samples from each incisor). Each dentine sample from 
each incisor was allocated in a different group, creating six groups 
of 16 samples from 16 different incisors. The samples were embed-
ded in acrylic resin (Paladur, Heraeus, Kulzer) which was allowed to 
polymerize in a laboratory pressure pot (12 min, 45°C, 4.8 bar). The 
samples were then ground with 2000- and 4000-grit silicon car-
bide paper in an automatic grinding machine (Tegramin-30, Struers) 
under constant water cooling. All samples were preconditioned by a 
brushing sequence (1000 brushing strokes, 2.5 N) using a slurry of 
Elmex Kariesschutz toothpaste (Colgate Palmolive) and a medium-
hard manual toothbrush (Paro M43, Esro AG). Baseline profiles were 
then recorded under wet conditions using a stylus profilometer 
(MFW-250, Perthometer S2; Mahr).

The samples were then subjected to a brushing sequence as fol-
lows: group 1: Elmex Sensitive Plus (RDA = 28, Colgate Palmolive) and 
a manual toothbrush (Paro M43, Esro AG); group 2: Elmex Sensitive 
Plus and the sonic toothbrush (Waterpik Sensonic Plus SR-3000, 
30’500 strokes/min, Water Pik, Inc.,); group 3: Elmex Kariesschutz 
(RDA = 65, Colgate Palmolive) and the manual toothbrush; group 4: 
Elmex Kariesschutz and the sonic toothbrush; group 5: Colgate Total 
Original (RDA = 121, Colgate Palmolive) and the manual toothbrush; 
and group 6: Colgate Total Original and the sonic toothbrush. The 
brushing sequence lasted for 20  min, and the used slurry was re-
placed with 2-minute intervals. Whenever the manual toothbrush 
was used, the brushing sequence was set at 60 strokes/min and the 
load applied on the samples at 1.6  N. Whenever the sonic tooth-
brush was used, the brushing sequence was set at 10 strokes/min TA
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and the load applied on the samples at 0.9 N. The filaments of the 
sonic toothbrush—originally ripple-shaped—were cut flat to have a 
similar contact profile with the surface of the dentine samples as the 
manual toothbrush. The slurries used in this study were prepared by 
mixing the tested toothpaste with artificial saliva5 at 1:2 mass-ratio.

After the brushing sequence, final profiles were recorded under 
wet conditions. The detailed protocol of the profilometric recording 
is already reported in an earlier study.6 Table 1 summarizes the study 
design.

2.1  |  Statistical analysis

Median and inter-quartile ranges (IQR) of the abrasive dentine wear 
for each tested toothbrush using each different toothpaste were cal-
culated. Two-factor crossed repeated measures test was conducted. 
This means that each level (RDA = 28, RDA = 65, RDA = 121, manual, 
sonic) of one factor (toothpaste, toothbrush) was crossed with each 
level of the other factor which increases the power. A mixed linear 
model was first adapted to the data with abrasive wear as the target 
variable, toothbrush and toothpaste as fixed explanatory variables 
and the samples as random explanatory variable (a random intercept 
model). The model diagnosis was carried out by means of residual 
analysis and the deviations from the asymptotic assumptions were 
found to be tolerable. Both fixed variables (toothbrush and tooth-
paste) and their interaction were found to have a significant impact on 
the target variable (abrasive dentine wear). Pairwise post hoc compar-
isons between the groups were conducted with the marginal means 
and corrected for multiple testing after Tukey. The significance level 
was set at 0.05. All data were analysed using the R software (The R 
Foundation for Statistical Computing; www.R-proje​ct.org).

3  |  RESULTS

Figure 1 depicts the resulting abrasive dentine wear for each group 
(combination of toothpaste and toothbrush type). The median 
(and IQR) abrasive dentine wear was calculated for each tooth-
paste when using each toothbrush as follows: Elmex Sensitive 
Plus, RDA = 28, manual toothbrush: 2.7 µm (0.8), sonic toothbrush: 
3.1  µm (1.9); Elmex Kariesschutz, RDA  =  65, manual toothbrush: 
4.9 µm (1.4), sonic toothbrush: 6.4 µm (2.1); Colgate Total Original, 
RDA  =  121: manual toothbrush: 5.2  µm (1.1), sonic toothbrush: 
9.0 µm (3.1).

3.1  |  Within the toothbrush type

When the manual and sonic toothbrushes were used, the result-
ing abrasive dentine wear was statistically significantly lower in 
the group brushed with Elmex Sensitive Plus (RDA = 28) compared 
to both other groups. The resulting abrasive dentine wear in the 
groups brushed with Elmex Kariesschutz (RDA = 65) and Colgate 
Total Original (RDA  =  121) was not statistically significantly 
different.

3.2  |  Within the toothpaste abrasivity

When the samples were brushed with Elmex Sensitive Plus 
(RDA = 28), no statistically significant difference was observed for 
the manual and sonic toothbrushes. In the Elmex Kariesschutz group 
(RDA = 65) and the Colgate total Original group (RDA = 121), samples 
brushed with the sonic toothbrush showed statistically significantly 

F I G U R E  1  Abrasive dentine wear (median + Interquartile range, IQR = whiskers) in the different experimental groups. Tested toothpastes: 
Elmex Sensitive Plus (RDA = 28), Elmex Kariesschutz (RDA = 65) and Colgate Total Original (RDA = 121). Boxplots marked with identical 
letters (lower case letters are used for the manual toothbrush, and capital letters are used for the sonic toothbrush) indicate that there is no 
statistically significant difference between the values when the respective toothbrush is used with different RDA toothpastes. Within the 
groups brushed with the same toothpaste (same RDA), pairs enclosed in a box are not statistically significantly different
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higher abrasive dentine wear compared to the samples brushed with 
the manual toothbrush (the meaningful difference between groups 
=1.5 µm for Elmex and 3.8 µm for Colgate7).

4  |  DISCUSSION

Powered toothbrushes become widely used as an established al-
ternative to manual toothbrushes. Little is known on the influence 
of powered toothbrushes on the abrasive tooth wear. This study 
aimed to investigate the influence of a sonic toothbrush on the abra-
sive dentine wear when using toothpastes with different abrasivity 
values.

Bovine dentine has already been reported to be a suitable al-
ternative to human dentine in abrasion studies.8 Bovine teeth have 
larger surfaces, which allow many samples to be obtained from 
one tooth. This advantage was used in this study, where six sam-
ples could be extracted from one tooth. This allowed creating six 
harmonic groups consisting of samples extracted from different, 
yet altogether the same group of teeth. Logistically, it would have 
been possible to increase the sample size in each group and con-
sequently obtain more accurate meaningful difference between 
the groups.7 However, this would have required to extract more 
dentine samples (more than the six samples already extracted) 
from the same bovine incisor which is not feasible. Obtaining more 
samples from new incisors could have overcome this issue, but af-
fect the aforementioned harmony between the groups. The dif-
ferent force applied on the dentine samples during the brushing 
sequence (1.6 N for the manual toothbrush and 0.9 N for the sonic 
toothbrush) was chosen based on the findings of Wiegand et al.9 
These values were found to be the mean force applied in vivo by 
volunteers while brushing their teeth with either sonic or manual 
toothbrush. RDA values of the tested toothpastes were measured 
in an earlier study10 and selected to cover a wide range of abrasiv-
ity (from low abrasive (RDA = 28) to very high abrasive (RDA = 121) 
according to the classification adopted in Zurich, Switzerland11). 
Samples were brushed for 20 min. If teeth were brushed for 2 min 
twice daily, each tooth surface would be brushed for 10 sec daily.12 
Thus, the 20-min brushing time used in this study would corre-
spond to 120-day in vivo brushing time. Nevertheless, the number 
of brushing strokes subjected to each sample should also play a 
role in this—rough—estimate of the in vivo brushing time. A more 
accurate approach to interpret in vitro brushing time into in vivo 
time is advisable.

The filaments of the sonic toothbrush were cut flat in this 
study. This could alter the resulting abrasive wear. However, 
only the effect of the sonic movements of the toothbrush was 
planned to be investigated in this study. Furthermore, Trussi 
et al.13 found flat-trimmed filaments to cause more abrasive wear 
than ripple-shaped ones. This could have a negative effect on the 
baseline situation between the groups tested in this study—if the 
filaments of the sonic toothbrush were not cut flat. Since sonic 
toothbrushes are usually gently moved from tooth to tooth, the 

brushing sequence of the sonic toothbrush was set at lower speed 
than the manual toothbrush (10 vs. 60 strokes/min).9 Regardless, 
the speed of the brushing sequence was reported not to have an 
influence on the abrasive dentine wear.14

4.1  |  Abrasive dentine wear based on the 
toothbrush type

Abrasive dentine wear was statistically significantly higher when 
the samples were brushed with the sonic toothbrush and tooth-
pastes with higher RDA values (Elmex Kariesschutz, RDA  =  65 
and Colgate Total Original, RDA = 121) compared to the samples 
brushed with the manual toothbrush. Therefore, the null hypoth-
esis of this study has to be rejected. This finding is in accordance 
with earlier studies where the same combination (sonic tooth-
brush, highly abrasive toothpaste) was investigated.3,4,9 On the 
other hand, brushing with the manual or sonic toothbrush did 
not have an influence on the resulting abrasive dentine wear 
when the samples were brushed with a toothpaste with a low 
abrasivity value (Elmex Sensitive Plus, RDA = 28). Nevertheless, 
a trend towards higher abrasive dentine wear could be noticed 
when the sonic toothbrush was used. Brushing for a longer time 
might have even resulted in a significantly higher wear in this 
group.

4.2  |  Abrasive dentine wear based on the 
abrasivity value of the toothpaste

Regardless of the toothbrush type, the resulting abrasive dentine 
wear was not statistically significantly higher when the samples 
were brushed with Colgate Total Original (RDA = 121) compared 
to the samples brushed with Elmex Kariesschutz (RDA = 65). This 
could be considered unexpected as Colgate Total Original is—
or should be—almost twice as abrasive as Elmex Kariesschutz. 
Although considered a robust method to determine the abrasiv-
ity of a toothpaste, RDA values do not necessarily represent or 
predict the actual resulting abrasive dentine wear when brushing 
with the tested toothpaste. RDA values might also vary up to 20% 
for the same toothpaste when tested several times.15 For instance, 
this variation of the RDA value was noticed in a recent abrasion 
study where the RDA value of Colgate Total Original was meas-
ured to be 10016 (vs. 121, measured by Tawakoli et al.10). Both 
studies measured the RDA values in the same laboratory under 
the same standards and thus can be compared to each other. 
RDA values for Elmex Kariesschutz were also a bit higher in 2020 
(RDA = 69) in comparison to 2015 (RDA = 65), and therefore, the 
recent difference between the two toothpastes abrasivity val-
ues might not be as high as reported in 2015. When conducting 
this study, the recently measured RDA values were not yet pub-
lished, and therefore, the values measured in 2015 were adopted 
to choose the range of the abrasivity of the toothpastes used in 
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this study. Differences in the abrasivity for the same toothpaste 
with different lot numbers have also been noticed in our labora-
tory. Furthermore, abrasive dentine wear was measured profilo-
metrically in this study. A certain inconsistency between RDA and 
profilometric values has been reported in earlier studies.17,18 All of 
the above-mentioned factors could contribute to explaining the 
non-significant difference between the abrasive dentine wear re-
sulting from brushing with toothpastes with different RDA values. 
Regardless, the primary aim of this study was to compare the ef-
fect of sonic and manual movements on the abrasive dentine wear 
and not to investigate the abrasivity of the tested toothpastes. 
Also, care should be taken when describing an RDA value as high. 
Different schools and laboratories have their own classification 
regarding RDA values.

Within the limits of this study, it could be concluded that 
the sonic toothbrush causes higher amounts of abrasive dentine 
wear compared to the manual toothbrush only in combination 
with toothpastes with high abrasivity values. Further studies 
are needed to investigate whether this might also be the case 
for low abrasive toothpastes if the brushing procedure would be 
prolonged.

5  |  CLINIC AL RELE VANCE

5.1  |  Scientific rationale for study

Little is known about the combination of toothbrush type with 
toothpastes with different ranges of abrasivity.

5.2  |  Principal findings and practical implications

Sonic toothbrush seems to cause more abrasive dentine wear when 
combined with toothpastes with high abrasivity compared to manual 
toothbrush.
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