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Introduction

Maintenance of oral hygiene has been an
objective of man since the dawn of civilization.
The use of the chewing stick (miswak or
siwak) to clean the dentition is an example of
an ancient pre-Islamic custom that continues
to be used today. Although in the past the
chewing stick may have been used with
“toothpowders” and “extract of roses”, today
it is commonly used as a toothbrush but
without toothpaste. The chewing stick be-
came the toothbrush, via toothcleaning at-
tempts with sponges and rubbing cloths.
Most historians trace the development of the
first toothbrushes (hog bristles set in oxbone)
to 1498 C.E. in China, although there is
evidence that the Chinese used ivory brush
handles and bristles made of hair from a
horse’s mane as early as 1000 C.E. The
bristle brush was reinvented in the late 18th
and early 19th centuries, but due to the high
price of hog bristle, brushes did not become
widely used until the end of the 1Sth century.
In the first part of the 20th century in the United
States, a family toothbrush was common even
among the poor. In the late 1930's, nylon
filaments began to replace natural bristles,
and wood and plastic replaced bone handles.
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This made toothbrushes inexpensive enough
for virtually everybody to own one. During the
past 30 years oral hygiene has improved, and
in industrialized countries 80% to 90% of the
population brush their teeth 1 or 2 times a day
(Saxer & Yankell 1997).

Mechanical plaque removal with a manual
toothbrush remains the primary method of
maintaining good oral hygiene for the majority
of the population. When performed well for an
adequate duration of time, manual brushing is
highly effective. However, for most patients,
neither of these criteria is fulfilled. One pos-
sible way to overcome the limitations asso-
ciated with manual brushing was to develop a
mechanical brushing device, and as early as
1855 the Swedish clockmaker Frederick Wil-
helm Tornberg patented a mechanical tooth-
brush (Scutt & Swann 1975). The first electric
toothbrushes came much later, and were first
introduced in the 1960's. They provided a
brush head capable of a variety of motions
driven by a power source. Over time such
devices have become established as a valu-
able alternative to manual methods of tooth-
brushing.

The first electric brushes mimicked the back-
and-forth motion commonly used with a ma-
nual toothbrush. When first introduced there
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were many reports of the effectiveness of
such devices. However, an early authoritative
report reviewed such research and stated that
both manual and electric toothbrushes were
equally effective in removing plaque (Ash
1963). Because of the lack of clear superiority
and many problems of mechanical break-
down, powered toothbrushes fell out of
favor, and during the late 1960's they gra-
dually disappeared from the market. How-
ever, powered brushes continued to be re-
commended for the handicapped and for
persons with reduced manual dexterity.

At the World Workshop in Periodontics in
1966, the consensus was that in non-dentally
oriented persons and persons not highly
motivated to oral health care, as well as those
who have difficulty in mastering a suitable
handbrushing technique, “the use of an elec-
tric brush with its standard movements may
result in more frequent and better cleansing of
the teeth” (Greene 1966). Since then, re-
search and development have continued, and
many modifications to electric toothbrush
design have been made. These include oscil-
lating or rotating brushes and brushes which
move at a high frequency (Fishman 1997). It
was believed that this substitute for the linear,
vibratory hand motion applied to manual
toothbrushes would lead to more effective
plaque and stain removal over shorter brush-
ing times. It has been shown that this new
generation of brushes remove plague signif-
icantly better in the approximal area than
do conventional manual toothbrushes. This
led, in the 1996 World Workshop in Periodon-
tics, to the careful conclusion that limited
evidence suggested that electric brushes
provide an additional benefit compared to
manual brushes (Hancock 1996).

This position paper will discuss the current
knowledge with respect to modern electric
toothbrushes, and will focus on six aspects:

- Research methodology
- Effectiveness

- Abrasion

- Toothbrushing force

- Compliance

- Special patient groups

Impact of research
methodology

In trials with electric toothbrushes, all panel-
ists are human. This obvious fact introduces
one of many practical considerations which
may affect the course and outcome of a
clinical trial. The mere fact that people are
being carefully evaluated for the presence of
plaque and gingivitis can affect their level of
oral hygiene (Overholser 1988). The exposure
of any group of subjects to clinical trial
procedures will sometimes result in improve-
ment which is due to a psychological effect
rather than a physical effect of the test
substance or device. This is known as the
“Hawthorne effect” and has been recognized
in several trials. If the controlled clinical trial
is correctly balanced, this effect should not
result in any differential change between
the test and control groups (Cowell et al.
1975).

In testing the effectiveness of toothbrushes, a
double-blind study is virtually impossible.
Therefore the novelty effect of the electric
toothbrush must be considered in the design
of a study on the effect of electric brushes
(Owen 1972). The novelty effect, or “gadget
appeal”, as it has been called, may be a
simple expression of curiosity, but patients
generally show a greater interest in an electric
brush and are eager to use it (Muhler 1969).
One method of minimizing the novelty effect is
to test the brushes over a relatively long period
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of time in order to allow the novelty effect to
subside or disappear. Studies of short dura-
tion are particularly prone to errors due to the
novelty effect (Ash 1963).

Studies involving the Sonex toothbrush are
illustrative of this problem. In one study, after
6 weeks there was a significant decrease in
the bleeding and gingival indices in favor of
the ultrasonic toothbrush (Terezhalmy et al.
1995a). However, the results of a 6-month
study did not show any difference from a
manual toothbrush (Terezhalmy et al. 1995b).
The initial positive effect may have been the
result of the participants being aware of the
new brush and therefore using it enthusiasti-
cally. This response is negated with time and
may well explain why over a 6-month trial
period the apparent advantages of the Sonex
brush over a manual toothbrush were lost.
At ACTA Amsterdam, we have tried to solve
the problems that are associated with studies
comparing the ability of toothbrushes to re-
move plaque and improve gingival health. A
short-term plaque model has been designed
which attempts to control as many variables
as possible, including duration of tooth-
brushing, manual dexterity, motivation, the
frequency of brushing, and the “novelty ef-
fect” (Van der Weijden 1993a).

In short, subjects are requested not to brush
for 24 to 48 hours. The level of plaque is then
assessed before and after brushing. In a
split-mouth design, brushing can either be
done by a professional or by the panelists
themselves. Other research groups have now
successfully used this same model to test
different brushes (Rapley & Killoy 1994, De
Jager et al. 1998).

Short-term gingivitis studies face the problem
that in order to get the maximum benefit from a
toothbrush, professional instruction and train-
ing in using the brush are required (e.g., Van
der Wejjden et al. 1994). This instruction will
affect the level of gingivitis of those who
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participate in the study. Most likely they will
become healthier. Therefore, a model was
recently suggested that includes a phase of
experimental gingivitis in the short-term study
in order to re-establish gingivitis after the
training period (Van der Weijden et al. 1998).
This model allowed for a sufficient level of
gingivitis in subjects who were adequately
trained. The study results showed that gingi-
vitis was resolved within 4 weeks of resuming
toothbrushing. It therefore appears to be a
valuable study design for testing toothbrushes
in relation to gingival health.

Effectiveness

Mode of action

In 1986, an international workshop on oral
hygiene concluded that up to that time neither
powered nor manual toothbrushes removed
more plaque, regardless of the brushing
method (Lée & Kleinmann 1986). At that time,
only what we now call conventional electric
toothbrushes were available. This first gene-
ration of electric toothbrushes had a brush-
head designed as a manual toothbrush which
made a (combined) horizontal and vertical
motion.

Over the last decade a new generation of
electric toothbrushes has become available,
and they can be conveniently categorized into
two distinct types. First, there has been a
move towards more (oscillating) rotary action
brushes instead of the traditional side-to-side
motion (Walmsley 1997). The rotary motion
can be either the motion of a single brush
or of the individual tufts moving in a counter-
clockwise direction. Second, there are
brushes which operate with a brush head
motion at a higher frequency (Johnson &
Mclnnes 1994).



The Role of Electric Toothbrushes

Toothbrushing duration

In general, patients are not willing to spend
the time dental professionals recommend to
brush and floss, and most patients brush their
teeth for less than 1 minute (Hawkins et al.
1986). Electric toothbrushes are potentially
faster than manual brushes at cleaning tooth
surfaces, and the efficiency could potentially
improve the plague control regimen for most
adults (Boyd et al. 1997b). The Rotadent, for
example, has been clinically demonstrated to
need only one half as much time as a manual
brush to remove an equal amount of plaque
(Preberet al. 1991). Two studies have focused
specifically on the relationship between tooth-
brushing duration and plaque-removing effi-
cacy (Van der Weijden et al. 1993b, 1996a).
These have shown that a manual toothbrush
removes less plaque than an electric tooth-
brush given the same brushing time. Even
after 8 minutes, the manual toothbrush in the
hands of a professional removes only 75% of
the plaque which is removed after 1 minute
with the electric toothbrush.

With increase in time up to six minutes, the
efficacy of a manual toothbrush increases,
but there appears to be an optimum effect
after at least 2 minutes with the electric
toothbrushes. After 2 minutes with an electric
toothbrush approximately 84% of the plaque
has been removed, whereas after 6 minutes
93% has been removed.

Stain removal and calculus control

Besides plaque-removal efficacy, a few re-
searchers have investigated stain removal.
Using an experimental model to induce stain
by rinsing for 4 days with an intense chlor-
hexidine tea regimen (no other form of oral
hygiene was allowed), Grossman et al. (1996)
showed that electric toothbrushes were more

effective in removing extrinsic dental stain
than manual brushes. This confirmed the “in
vitro” findings of Schemehorn & Henry (1996).
Also, using the chlorhexidine-induced stain
model for an extended period up to 4 weeks,
both the Braun Oral-B Plague Remover and
Sonicare have been shown to be superior to a
manual toothbrush with respect to stain re-
moval (Mclnnes et al. 1994, Moran & Addy
1995).

The effectiveness of the electric toothbrush in
controlling calculus has been investigated in
two studies. Moran & Addy (1995) evaluated
the development of calculus over a 21-day
period. No differences between the electric
toothbrushes and the manual brush were
observed. Van der Weijden et al. (1994)
assessed calculus development in an eight-
month study and also did not observe a
significant difference between the manual and
electric toothbrush.

Efficacy data of currently available
electric toothbrushes

The main electric toothbrushes which are
compared in the literature are the Braun
Oral-B Plaque Remover (D5, D7, D9), Inter-
plak, Rotadent, Sonicare and Sonex. These
electric toothbrushes have been studied in
relation to their ability to remove plaque and
improve gingival condition in comparison with
either manual brushes or with electric tooth-
brushes from different manufacturers (Walms-
ley 1997).

Reviewing the literature of the last decade it is
apparent that for all electric toothbrushes,
papers can be found which show a benefit
over a manual toothbrush, but papers can
also be found in which the same brush fails to
perform better. For this position paper a
selection was made of papers which illustrate
the specific features of the now-available
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electric toothbrushes, realizing that this never
can be a fully objective selection. The authors
wish to refer to two recent publications which
have also reviewed the literature with regard to
electric toothbrushes and which made their
own choice of studies to include (Walmsley
1997, Saxer & Yankell 1997). In all investiga-
tions of electric toothbrush efficacy, the ma-
nual toothbrush has remained as the standard
against which any new plaque removal instru-
ment must be judged. The following summar-
izes what is known about the efficacy of the
main currently available modern electric tooth-
brushes. Some studies comparing electric and
manual toothbrushes appear in Table 1.

Rotadent®

This electric brush was the first clinically
investigated brush which turned away from
the conventional design of electric tooth-
brushes. It is a rotary-action single-tuft brush
with small bristles that reach one surface per
tooth. It comes with 3 brushhead designs
(short-pointed, elongated and hollow cup
brush tip).

Walsh & Glenwright (1984) showed, in a
short-term study involving dental students as
test subjects which evaluated the efficacy of
plaque removal on 3- to 4-day-old plaque,
that there was no significant difference be-
tween the Rotadent and a manual brush. On
the other hand, Glavind & Zeuner (1986)
found in a test group consisting of periodontal
patients, that the “improved” Rotadent was as
effective as a combination of manual tooth-
brushing, flossing and toothpicks. In both the
Rotadent and the control group, the plaque
level had decreased by the 3-month examina-
tion. This is in agreement with the findings of a
12-month study (Boyd et al. 1989a) which
demonstrated that in a group of periodontal
maintenance patients, the Rotadent was just
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as effective as the comprehensive oral hygiene
kit which was used in the study by Glavind &
Zeuner (1986).

Other short-term studies indicate improved
approximal plague removal with the Rotadent
electric toothbrush (Mdiller et al. 1987, Preber
et al. 1991). Silverstone et al. (1992) con-
ducted a 6-week study on 30 subjects com-
paring Rotadent and the Oral-B 40 soft
toothbrush. They reported no differences
in gingival inflammation between the two
groups.

Interplak®

This electric toothbrush was the next innova-
tive toothbrush design and was introduced
onto the market in the mid-1980's. The Inter-
plak electric toothbrush has a rectangular
brushhead with 6 to 8 bristle tufts which
individually counter-rotate. Baab & Johnson
(1989) assessed the ability of the Interplak to
remove plague in a study in which brushing
was conducted under professional super-
vision. Subjects using the electric brush had
lower plague scores due to increased effect-
iveness of the brush in the approximal re-
gions. In a 3-month trial, Quirynen et al.
(1994) showed the superiority of the Interplak
in plague removal, reduction of gingival in-
flammation and pocket depth reduction. Wil-
son et al. (1993) showed in a 12-month study
a larger reduction in plaque with the Interplak
than with the Butler Gum 311 manual tooth-
brush; however, no differences with respect to
gingivitis were observed. Killoy et al. (1993)
reported on the cost-effectiveness of a
counter-rotational toothbrush (Interplak) in 32
patients with moderate periodontitis. All pa-
tients received initial periodontal treatment by
a dental hygienist. During and at the end of an
18-month period, subjects using the electric
toothbrush did not need any further surgical
periodontal treatment. In contrast, subjects in
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the group using the manual toothbrush ex-
perienced an increased need of treatment.
Health insurance systems might prefer to pay
for electric toothbrushes rather than therapy
related to inadequate oral hygiene (Saxer &
Yankell 1997).

Braun Oral-B Plak Control (D5/D7 & D9)

This electric brush, which was launched in
1991, has a small circular brushhead which
makes an oscillating/rotating movement. Cli-
nical trials with the Braun Oral-B oscillating/
rotating toothbrush have shown that this ac-
tion is superior to that of a conventional
electric toothbrush and more effective than a
manual toothbrush (Van der Weijden et al.
19933, 1995a, 1995b). Stoltze & Bay (1994)
compared the Braun D5 to a manual tooth-
brush (Tandex 40) during a 6-week period.
The electric toothbrush was more effective in
removing plaque mainly on the approximal
surfaces. In an 8-month preventive program
the Braun D5 was compared to a manual
toothbrush (Butler GUM 311) in a group of
gingivitis subjects (Van der Weijjden et al.
1994). Plaque, gingivitis, gingival abrasion,
and calculus were assessed. At the end of the
trial, differences in plague scores and gingival
bleeding were found in favor of the Braun/
Oral-B Plaque Remover.

In 1996, the frequency of the Braun Oral-B
electric toothbrush was increased from 47 Hz
to 63 Hz (D9). In addition, the angle of rotation
was decreased from 70° to 60°. In a com-
parative post-brushing study with this new
brush, the Braun Oral-B Ultra Plaque Remo-
ver (D9), no significant difference from the
lower frequency D7 was detected (Van der
Weijden et al. 1996a). However, in a 5-day
study which evaluated efficacy with respect to
the removal of extrinsic dental stain, a signif-
icant advantage in favor of the D9 over the D7
was observed (Grossman et al. 1996).

Philips HP 510

Recently, Philips introduced an oscillating/
rotating electric toothbrush (HP 510) which
has a circular brushhead design similar to that
of the Braun/Oral B Plak Control but which
has in addition an active tip at the end of the
brushhead which makes a small sweeping
motion. At present (June 1998) no published
data other than one abstract are available for
review. Data on file from the manufacturer
indicate that the efficacy of the HP 510 is
similar to that of the Braun oscillating/rotating
toothbrush (De Jager 1998).

Sonicare

The Sonicare electric toothbrush was intro-
duced in 1993 and has a rectangular brush-
head with bristles arranged in a saw-tooth
design. The side-to-side movement of the
Sonicare operates at a high frequency of 260
Hz. In a 4-week study in adults, the Sonicare
proved to be more effective in removing
plague from the lingual and approximal sur-
faces as compared to the manual toothbrush
(Oral B 30) (Johnson & Mcinnes 1994). In a
recent, 12-week study in gingivitis patients,
the Sonicare was more effective in removing
plaque but comparable to the manual tooth-
brush in reducing inflammation (Tritten &
Armitage 1996).

Sonex

When a prototype of an ultrasonic brush was
compared to a manual brush by Goldman
(1974), patients were not aware of any ultra-
sonic effect, but the ultrasonic brush pro-
duced somewhat improved plaque removal.
Twenty years later, a new ultrasonic brush has
been marketed. The Sonex is designed with a
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piezoelectric transducer operating at 1.6
MHz located in the handle of the toothbrush. It
is claimed that these vibrations are passed
from the handle along to the head and down
the bristles. A short-term study (Terezhalmy et
al. 1995a) showed that the Sonex brought
about a significant reduction in the bleeding
and gingival indices. However, at the end of a
6-month study (Terezhalmy 1995b) no differ-
ence was observed between the groups. As
discussed earlier, this may be the result of a
“novelty effect” in the group using the electric
brush which wore off over time.

Electronic (ionic) toothbrushes

An advertisement in the February 13, 1886,
issue of Harper's Weekly touted the curative
properties of what was perhaps the first
electric toothbrush. The handle of Dr. Scotts’
Electric toothbrush was said to be *

charged with an electromagnetic current,
which acts, without any shock, immediately
upon nerves and tissues of the teeth and
gums . . . arresting decay . . . and restoring
the natural whiteness of the enamel” (Fishman
1997). This old idea has been marketed over
the years in toothbrushes which are designed
to send an electronic current through the
brushhead. This presumably enhances the
efficacy of the brush in plaque elimination. So
far, relatively few data are available to support
the assumption of a beneficial effect (e.g.,
Hoover et al. 1992). An “electronic” (ionic)
brush which sends a 0.15 mA current through
the brushhead was subjected to a 5-month
evaluation (Van der Weijden 1995a). No effect
on either plaque scores or bleeding upon
probing was evident. In another double-blind
6-month study, a significant reduction in
plaque and gingivitis was observed for the
“ionic” manual toothbrush as compared to a
regular manual toothbrush (Van Swol et al.
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1996). These conflicting results need further
evaluation.

With the above review of electric toothbrushes
it has been mentioned a number of times that
the better efficacy observed with the electric
toothbrushes is mainly the result of improved
approximal cleaning. One could argue that
subjects who use a manual toothbrush and in
addition some interproximal cleaning device
will not benefit from an electric toothbrush.
However, as has been discussed by Axelsson
(1993), interproximal cleaning is not a com-
mon practice in Europe. In industrialized
countries today 15-20% of the population at
most perform interdental oral hygiene on a
regular basis. Therefore, the electric tooth-
brush can play an important role in the
prevention of periodontal diseases through
improved approximal cleaning.

In order to get the maximum benefit from the
electric toothbrush, professional oral hygiene
instruction appears to be important. This has
been observed in a number of studies. Investi-
gations of toothbrushing with no prior profes-
sional instruction, or taped instruction, have
found no or only minimal differences (Barnes
et al. 1993, Stoltze & Bay 1994). However,
when studies included professional instruc-
tion in the use of the electric toothbrush,
significantly better results were found (Van der
Weijden et al. 1993a, 1994, Grossman et al.
1995). Although in a twelve-month study by
Ainamo et al. (1997) instructions were given
only at the outset and were not repeated, the
electric toothbrush was found to be superior
to the manual.

Abrasion

In the prevention of oral diseases, proper oral
hygiene is of foremost value. Unfortunately,
several problems are encountered when
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thorough oral hygiene is performed. Due
to improper brushing techniques, abrasive
toothpaste and hard bristle filaments, people
with regular toothbrushing habits sometimes
damage the gingiva, the dentin or enamel.
They may develop marginal ulceration of the
gingiva, gingival recession, exposure of root
surfaces and esthetic problems (Sandholm et
al. 1982, Vehkalahti et al. 1989. The most
common of these findings is the local reces-
sion of the gingival margin (Sandholm et al.
1982, Khocht et al. 1993).

Abrasion of hard tissues

The hard versus soft bristle brush controversy
is an old one among dentists, and Hirshfield,
in his book The Toothbrush—Its Use and
Abuse, quotes advocates for both positions
(Walmsley 1997). At the beginning of the 20th
century, many published papers focused on
the side effects of toothbrushes and even
questioned the safety of regular use and
general acceptance. In contrast, there were
also many reports in support of the need for
oral hygiene. At the start of this century,
toothbrushing was not common and was
correlated with fear because of its newness
(Saxer & Yankell 1997). Variations on hard,
natural bristles existed until the late 1930's,
when plastic (for handles) and nylon (for
bristles) became widely available. By the late
1960's, with the growing awareness of the
dangers of enamel abrasion and gingival
recession, toothbrushes with soft nylon brist-
les became the recommendation of choice
(Fishman 1997).

The simple act of cleaning away dental de-
posits from teeth requires that the toothbrush-
dentifrice combination possess some level of
abrasivity. In the oral cavity four tissues are at
risk from the abrasive effect of toothbrushing.
These are the enamel, dentine, the gingival

tissues and alveolar mucosa. Up till now, few
scientific data have been available to help us
understand the risks associated with tooth-
brush abrasion, and in particular, research
into the abrasion of hard tissues is difficult.
First of all the effect usually takes years to
become visible. Second, various factors play
arole in the process of abrasion, including the
force with which the brush is used, the
stiffness of the bristles, the frequency of
toothbrushing, the abrasiveness of the tooth-
paste, and the erosiveness of the food which
is consumed (Davis & Winter 1980). The
amount of dentifrice applied to a particular
brush may also contribute to the potential
abrasion of dental tissues (Harte & Manly
1976). These factors make it difficult to
perform clinical research into the effect of the
toothbrush itself.

Slop (1986) used an “in vitro” model to
investigate the extent to which the enamel will
wear down as a result of brushing. Although
some wear was observed, there appeared to
be no potential danger for extensive abrasion
of this tissue. There is also little known about
the abrasion of dentin. This holds true for
both manual and electric toothbrushes. One
approach is to assess the relative dentin
abrasion “in vitro”, using a model which has
been developed at Indiana University (USA)
and approved by the ADA primarily to assess
the abrasiveness of toothpastes (Hefferren
1976, Schemehorn et al. 1993). In short,
radioactive dentin specimens are brushed
using a standard slurry, brushing force and
number of strokes. After a standard brushing
time the scintillation within the slurry is
measured. The test brush and test slurry are
compared to an ADA reference brush and an
ADA reference abrasive. The results of several
studies carried out in Indiana (Van der Velden
et al. 1993, Schemehorn et al. 1993, Sche-
mehorn & Zwart 1996) indicate that oscil-
lating/rotating electric toothbrushes are safe
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with respect to dentin abrasion. However,
recent studies carried out in Zurich (Imfeldt &
Sener 1998), apparently using the same
model, appear to contradict these findings.
The origin of these differences could be the
result of minor but trivial deviations from the
original model and should be the object of
future studies.

Gingival abrasion

Epstein & Tainter (1943) described several
variables that affect toothbrush abrasion, of
which brushing pressure and bristle type were
directly related to the brushing itself. The
stiffness and unfavorable shape of toothbrush
bristles have been claimed to be an etiologic
factor in the origin of gingival injury (Hirshfeld
1931, Lange 1977).

Frequent brushers tend to show more signs of
traumatic gingival lesions buccally and on the
line angle of the marginal gingiva. These
injuries may produce recession of the gingiva
(Serino et al. 1994, Joshipura et al. 1994).
First reports on safety with electric tooth-
brushes have focused on those brushes with a
side-to-side motion. Studies have looked at
the number of gingival abrasions that have
occurred with the use of the Braun Oral-B D3
(conventional electric toothbrush) and com-
pared their occurrence to the potential da-
mage caused by manual toothbrushing (Niemi
et al. 1986). Visual scoring of the number of
abrasion sites was made, the examiner being
pre-trained in the interpretation of abrasions.
Results demonstrated a greater amount of
abrasions following use of the manual brush.
Walsh (1989) found no differences be-
tween electric and manual toothbrushes
with respect to gingival abrasion of the soft
tissues.

The Sonicare brush has been subjected to
safety testing in dogs (Engel et al. 1993).
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Following brushing for 7.5 minutes daily for
2 months, no damage was evident on clinical
or histological examination.

Recently, Danser et al. (1998) conducted a
study to establish the incidence of gingival
abrasion as a result of toothbrushing, using a
manual toothbrush and the Braun Oral-B D9
electric toothbrush. This investigation showed
that both the electric toothbrush and the
manual brush cause minor gingival abrasion
as a result of the brushing.

In two longitudinal investigations of gingival
abrasion with an electric toothbrush, the
indirect effect on the gingival tissues was
studied (Van der Weijden et al. 1994, Wilson et
al. 1993). None of the electric toothbrushes
caused more gingival abrasion than was
observed with the manual toothbrush. Wilson
et al. (1993) also measured gingival reces-
sion. They observed that neither the manual
nor the electric group developed significant
changes in the level of gingival recession over
the one-year study period.

In a one-year study with the Rotadent, the
participants using the Rotadent lost 0.12 mm
attachment level on the buccal sides, where-
as users of the manual toothbrushes lost only
about 0.05 mm (Boyd et al. 1989a). These
differences were not statistically significant,
although 0.1 mm attachment loss in one year
is higher that the epidemiological average in
patients in a prophylactic program (Saxer &
Yankell 1997).

Toothbrushing force

Several experimental and clinical studies sup-
port the assumption that excessive force in
brushing is partly responsible for the origin of
toothbrush trauma (Arnim & Blackburn 1961,
Alexander et al. 1977, Niemi et al. 1986).
Mierau & Spindler (1984) observed that in a
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group of subjects without recession the mean
brushing force with a manual toothbrush was
2.12 N (£ 0.31), whereas a group with multiple
recession had a mean force of 3.75 N (% 0.47).
Abbas et al. (1990) showed that mechanical
oral hygiene basically is a traumatic pro-
cedure. They observed increased bleeding
upon probing scores shortly after oral hygiene
procedures.

With some electric brushes it has been at-
tempted to limit or reduce the brushing force
by giving feedback to the brusher that a
certain threshold has been reached. One of
these systems was investigated in a study by
Van der Weijden et al. (1995b), in which it was
shown that a pressure control at 350 grams
was not able to reduce the force used,
compared to a brush without this feedback
system.

A recent study evaluated the habitual brushing
force individuals use with various tooth-
brushes (Van der Weijden et al. 1996c). In
addition to a manual toothbrush, three electric
toothbrushes were examined: the Rotadent,
the Interplak and the Braun D7. The results
showed that with a manual brush consider-
ably more force was used than with the
electric brushes, the difference being more
than 100 grams. Danser et al. (1998) studied
the relation between force and gingival abra-
sion. No correlation was observed, which
indicates that other factors (e.g., brushing
itself, tooth anatomy, bristle form) appear to
be more important than the force used with an
electric brush.

Compliance

A number of studies have compared electric
toothbrushes (e.g., Van der Weijden et al.
1993b, 1996b, 1996c¢; Grossman & Proskin
1997; Bader & Williams 1997; Robinson et al.
1997), but the data from these studies are not

conclusive. The data indicate that, in terms of
current standards, the Rotadent, Interplak,
Braun Plak Control and Sonicare electric
toothbrushes are all very efficient tooth-
brushes. A choice should therefore be based
on aspects other than plague removal effi-
cacy. This will be discussed later in this
paper.

Ease of use

Ease of use is difficult to determine since it
depends on the individual, and according to
Cancro & Fishman (1995), the best tooth-
brush is the one the patient uses properly. The
ease of use of the electric toothbrush is due to
the fact that the brush takes care of the
brushing action and the patient can concen-
trate on placing the brush at those sites in the
oral cavity that need cleaning.

Patient acceptance of the electric toothbrush
should be one aspect of clinical studies. This
can be illustrated by a study in which the
Braun Oral-B electric toothbrush was com-
pared for a two-month trial period with a sonic
toothbrush. The volunteers using the Braun
Oral-B Plague Remover wished to continue
with the toothbrush, whereas 25% of the
Sonicare group did not like the device and
discontinued its use (Grossmanet al. 1995). A
preference for the Braun Oral-B Plague Re-
mover was also found in a study by Van der
Weijden et al. (1996b). In a study in which it
was compared with the Philips HP 500, a
toothbrush which has a movement similar to
that of a conventional electric toothbrush,
subjects were allowed to keep one toothbrush
at the end of the study (Van der Weijden et
al. 1995b), and the majority preferred the
oscillating/rotating toothbrush (Braun Oral-B
Plaqgue Remover). In an investigation of long-
term compliance, Baab & Johnson (1989)
conducted a telephone survey 6 months after
their investigation into the efficacy of the
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Interplak electric toothbrush, and found that
most subjects were not using the electric
brush twice a day as they had done during the
study period.

A recent study assessed the frequency of use
of electric toothbrushes in periodontal patients
(Stalnacke et al. 1995). It showed that the
compliance level was high, with 62% using
their brush daily.

It is well documented that plague removal
increases with the brushing time and that
most individuals brush for only 60 seconds
(Van der Weijden et al. 1993b, 1996b, Huber
et al. 1985). As stated before, the optimal
brushing time is at least two minutes (Van der
Weijden et al. 1993b, 1996b), and therefore
emphasis should be placed on increasing
regular brushing time. Since most modern
electric toothbrushes are equipped with a
timer, this could represent an important fea-
ture that will encourage electric toothbrush
users to brush for a longer time than if they
were using a manual brush. The fact that an
electric toothbrush will remove more plaque
than a manual brush in the same time also
plays a role in ease of use (Van der Weijden
et al. 1993b).

A matter of choice

Several factors not based on scientific data
but on practical aspects can play a role in the
choice of an electric toothbrush, namely size
of the brushhead, the size and weight of the
handle, and the capacity of the “battery”.

For children, a small brushhead should be
available, and in those cases where the
children brush their teeth themselves, a light
and small handle is more suitable. A small
brushhead is also practical for adults, since
the back teeth are difficult to reach. This can
be illustrated by a study in which the Braun
Oral-B Plaque Remover and the Philips tooth-
brush, both with oscillating/rotating action,
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were compared (De Jager et al. 1998).
Although no significant difference was found
between the two brushes, the Philips was
more effective in the molar area, which was
considered to be the result of the reduced
height of the brushhead. In the front teeth the
effectiveness was reversed, however, pro-
bably the result of another factor other than
the brushhead height.

For those who travel and in those families
where more than one member uses the
electric toothbrush, a toothbrush with long-
lasting batteries should be the prime choice.

Special patient categories

Periodontal maintenance patients

Supragingival plaque control is an important
factor in preventing periodontal breakdown in
patients undergoing periodontal mainten-
ance. Patients with sub-optimal plague con-
trol usually need more frequent maintenance
visits and are more likely to develop loss of
attachment (Lindhe & Nyman 1984). It is well
established that the use of electric tooth-
brushes has a particular advantage in control-
ling plaque accumulation in patients with low
compliance to oral hygiene. Hellstadius et al.
(1993) reported on a group of patients with
low compliance who had been referred for
specialist periodontal treatment. These pa-
tients had previously received extensive oral
hygiene instruction with manual aids, over a
period extending up to 40 months, and still
there remained less-than-acceptable plaque
control, with plaque scores of 48%. Substitu-
tion of their manual brushes with electric
toothbrushes reduced their mean plague
score to 12%. This was maintained for the
period of observation up to 3 years. The
results of a study by Yukna & Shaklee (1993)
showed that in a comparable patient group
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the electric toothbrush proved to be a useful
adjunct in maintaining reduced plague levels
and favorable gingival conditions.

Children

Most published studies on the use of electric
toothbrushes by children describe only elec-
tric toothbrushes developed in the 1960's. In
one early study, Lefkowitz et al. (1962) com-
pared the use of an electric toothbrush with
that of a manual brush in two groups of
children. One group was aged between 7 and
9years and another group between 10and 12
years. In both groups more plaque was re-
moved by the electric brush. In contrast, a
crossover study involving younger children
with a mean age of approximately 4 years
which compared use of an electric and a
manual toothbrush found no statistically sig-
nificant difference between the two groups
with respect to plagque removal (Owen 1972).
A recent study compared plaque control
efficacy of a new electric toothbrush (oscil-
lating/rotating) designed specifically for use
by children with that of a children’'s manual
brush (Grossman et al. 1995). Results showed
that in this population aged between 8 and 12
years, the electric brush achieved significantly
greater plaque removal. Electric toothbrushes
can be particularly beneficial for parental
brushing of children’s teeth. In studies with
electric toothbrushes where the panelists
were brushed by a professional, a high
efficacy was obtained (Van der Weijden et al.
1993a, 1993b, 1996b).

Patients with a disability

In the literature it has been suggested that
electric toothbrushes are especially useful for
disabled patients (e.g., Cancro & Fishman
1995). However, controlled clinical studies

are sparse. Two studies have shown that
electric toothbrushes are valuable for mentally
disabled children and for disabled children
with poor manual dexterity (Kelner 1963,
Smith & Blankenship 1964). The few recent
studies available have shown that electric
toothbrushes are valuable for disabled adults
(Bratel & Berggren 1991, Bratel et al. 1988,
Blahut et al. 1991). Martin et al. (1987)
reported on a study of institutionalized elderly
patients with limited manual dexterity. The
patients were not given any oral hygiene
instruction and were assessed for oral cleanli-
ness and gingival health both before and after
the study. The results suggested that the
increased efficacy of the electric toothbrush
may be of value to institutionalized elderly
patients in the maintenance of their oral
hygiene.

Again, professional brushing with the electric
toothbrush has been shown to be highly
effective (Van der Weijden et al. 1993a,
1993b, 1996a). Therefore, as has been stated
above for children, in those cases where a
“caretaker” is responsible for oral hygiene,
the electric toothbrush can be a useful tool.

Orthodontic patients

Adolescent orthodontic patients often show
ineffective plague control because of the
difficulty of removing plaque while fixed ap-
pliances are in place (Boyd 1997). The effi-
ciency of the Interplak has been investigated
in orthodontic patients by both Yankell et al.
(1985) and Wilcoxon et al. (1991). Results
from both studies were in agreement, with the
latter, two-month cross-over study involving
20 orthodontic patients showing an improve-
ment over a manual toothbrush for both
gingivitis and plaque. In another study which
compared the Sonicare toothbrush with a
manual brush over a period of one month,
adolescent orthodontic patients with existing
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gingivitis showed, after oral hygiene instruc-
tion, an improvement in both plaque and
bleeding which was superior with the electric
brush (Ha & Niederman 1997). A recent
three-month study using the Sonicare tooth-
brush (White 1996) also concluded that this
electric toothbrush may help orthodontic pa-
tients to improve their oral health. However,
this study was not blinded. Comparative
efficacy in orthodontic patients was observed
when three electric toothbrushes (Interplak,
Braun/Oral-B Plak Control, Rotadent) were
evaluated in relation to a manual system
consisting of a toothbrush, floss and inter-
space toothbrush (Jost-Brinkman et al.
1994). The only long-term clinical trial evalu-
ating the effectiveness of an electric brush on
the periodontal health of orthodontic patients
is a study by Boyd et al. (1989b) using the
Rotadent electric toothbrush. The results of
this 18-month study show that the Rotadent
can be more effective than conventional ma-
nual toothbrushing.

Conclusions

In reviewing many of the published reports
over the past two decades, one comes to the
conclusion that the electric toothbrush has
become, compared to the old design, more
effective in the removal of supra-gingival
plaque and controlling gingivitis.

- The difference between manual tooth-
brushes and electric toothbrushes is pri-
marily in the increased ability of the electric
brushes to remove plagque from the approx-
imal area.

- Professional instruction and reinforcement
in the use of powered toothbrushes seems
important to achieve optimal resuilts.

- Although the etiology of hard and soft tissue
abrasion is not fully understood, tooth-
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brushing is one of the factors involved. No
adverse reactions or trauma involving either
oral soft or hard tissues have been attrib-
uted to the long-term (8-12-month) use of
electric brushes when compared to manual
toothbrushes.

- Clinical trials over the past 10 years show
that in controlled trials electric tooth-
brushes appear to be superior to manual
brushing. Modern design features are re-
sponsible for this.
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