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Powered vs Manual Tooth Brushing in Fixed Appliance
Patients: A Short Term Randomized Clinical Trial

J. Hickman, BDS, MPhil, MScD, FDS (Orth), MOrthoa; D. T. Millett, BDSc, DDS, FDS, MOrthb;
L. Sander, BDS, PhDc; E. Brown, EDHd; J. Love, BSc, PhDe

Abstract: Sixty-three orthodontic patients wearing upper and lower fixed appliances were randomly
assigned to use either a powered toothbrush fitted with a modified orthodontic brush head (Braun Oral-B
Plaque Remover 3D) or a manual toothbrush (Reach Compact Medium). A trained hygienist instructed
each patient on the proper use of the allocated brush. Measurements of plaque and gingival health were
made at baseline, at four weeks, and at eight weeks. Data for each group were analyzed using paired t-
tests. Patients using the powered toothbrush showed a significant reduction in percentage interdental bleed-
ing scores from baseline to four weeks (212.7, P 5 .003) and this was still apparent at eight weeks (28.6,
P 5 .028), although there were no statistically significant changes in either plaque or gingivitis scores for
this group. Those patients using a manual toothbrush showed a significant reduction in mean plaque score
from baseline (four weeks 5 20.18, P 5 , .001; eight weeks 5 20.12, P 5 .016), but gingivitis scores
were only reduced significantly at four weeks. In this group, interdental bleeding scores reduced signifi-
cantly at four weeks (P 5 .028), but were not significantly different from baseline at eight weeks (P 5
.0319). When the two patient groups were compared using two sample t-tests, there were no significant
differences in any of the parameters measured at any time point in the study. Over an eight-week period,
there were no measurable differences between the powered toothbrush with modified orthodontic brush
head and a manual toothbrush with respect to mean change in plaque, gingivitis, or interdental bleeding
scores when used by patients wearing fixed appliances. (Angle Orthod 2002;72:135–140.)
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INTRODUCTION

Good plaque control is an important factor in the main-
tenance of dental health during fixed appliance therapy.1–3

Brackets, archwires, and other appliance components are
both a focus for plaque accumulation and an obstruction to
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plaque removal, thereby promoting gingivitis.4 Plaque also
harbors cariogenic bacteria potentially capable of hard tis-
sue damage, especially at the bracket margins.2,3 While
mouth rinses may aid to reduce plaque formation1,5 and me-
chanical cleaning of tooth surfaces can be accomplished in
many forms,6–8 regular tooth brushing is advised routinely
as the means of preventing gingival and dental disease dur-
ing orthodontic appliance therapy.

In pursuit of enhanced plaque control, manual tooth-
brushes have been designed specifically for use by ortho-
dontic patients but have not been deemed superior to a con-
ventional brush in reducing gingivitis.9,10 Rotary and coun-
ter rotational electric brushes, however, have generally
demonstrated greater plaque removing capabilities com-
pared to various types of manual toothbrushes in orthodon-
tic patients.7,11–17 Only one study has shown plaque removal
to be superior with a manual brush.15

Electric toothbrushes using a normal brush head or a brush
designed specifically for use by orthodontic patients has also
been shown to be as effective as a manual brush in removing
plaque.16–18 Despite reduced plaque scores in such power
brush trials, concomitant improvements in the gingival health
of fixed appliance patients are not as convincing. Only one
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TABLE 1. Inclusion and Exclusion Criteria for the Trial Subjects

Inclusion Criteria Exclusion Criteria

Good general health
Aged between 10 and 20

years
Wearing upper and lower pre-

adjusted edgewise fixed
appliances

Brush at least once per day
Willing and able to comply

with trial regime
Dentally fit
Gingival bleeding on at least

20% of sites

Medical contra-indications includ-
ing those requiring antibiotic
cover

Immunosuppressant drugs
Poor manual dexterity
Poor compliance
Poor periodontal health including

presence of supragingival cal-
culus, subgingival calculus, or
periodontal pocketing

Active caries
Oral prophylaxis in previous 4

weeks
Use of antibiotics or antibacterial

mouth rinses during the trial
Current use of a powered tooth-

brush

long-term study7 (.18 months) has reported a significantly
sustained reduction in levels of gingivitis in the electric
toothbrush group compared to the manual toothbrush group.
A more recent short-term study16 showed no change in the
gingival index over eight weeks with either brush type, but
orthodontic patients using the power brush with an ortho-
dontic head demonstrated significantly reduced interproximal
bleeding compared to baseline.

Recent design modifications to the Braun Oral-B Plaque
Remover (D5) have led to the production of the Braun
Oral-B Plaque Remover 3D, which can be fitted with a
dedicated orthodontic head. Its potential benefits, however,
have not been evaluated.

The aim of the present study was to compare the efficacy
of the Braun Oral B Plaque Remover 3D, fitted with a spe-
cially developed orthodontic appliance brush head and a
manual toothbrush (Reach) in controlling plaque and gin-
givitis in patients with fixed appliances over an eight-week
period. The null hypothesis tested was that there was no
difference in mean plaque, mean gingivitis, and mean per-
centage of interdental bleeding scores between subjects us-
ing either toothbrush.

MATERIALS AND METHODS

Once approval by the Local Ethical Committee had been
granted, patients undergoing treatment with both upper and
lower fixed appliances who fulfilled the inclusion and ex-
clusion criteria listed in Table 1 were invited to participate
in the study. Written informed consent was obtained from
each patient or their guardian and subjects were free to
withdraw at any time during the study.

Baseline measurements of plaque and gingival health
were recorded for each volunteer by the trial researcher
who had been calibrated in the use of the oral hygiene and
periodontal indices adopted. Sixty-three subjects with upper
and lower fixed appliances were recruited. These patients

were randomly assigned to the test (powered tooth brush
with orthodontic designed brush head; Braun Oral-B Plaque
Remover D5, Braun AG, Germany) or to the control group
(manual toothbrush; Reach Compact Head Medium, John-
son and Johnson, Maidenhead, UK). Groups were stratified
according to age (under 15 years and 15 years or older),
sex, and baseline gingival health (less than 20% of sites
with gingival bleeding or more than 20% of sites with gin-
gival bleeding). The trial coordinator who opened a sealed
envelope, prepared by the trial statistician, containing the
group allocation, undertook randomization. The trial re-
searcher was blinded to the group allocation throughout the
trial period.

After patients were assigned to the trial groups, an ex-
perienced hygienist gave formal oral hygiene instruction to
each patient for the allocated brush, first demonstrating on
a set of plastic models of the dental arches fitted with upper
and lower fixed appliances. Each subject’s brushing com-
petency and understanding was checked and no further
tooth brushing instruction was given throughout the trial.
Subjects were instructed to brush for a timed two-minute
period, after breakfast and before retiring at night, using the
allocated brush. The use of an interspace brush was not
permitted during the study. Patients assigned to use the
manual toothbrush were provided with a digital countdown
timer (Whatman International Ltd, Maidstone, UK); the
powered toothbrush had an integral two-minute timer. Writ-
ten instructions and a tooth-brushing diary were also issued,
the latter to be completed on a daily basis in an effort to
promote compliance.

Each individual was issued a fluoride-containing tooth-
paste (Colgate Great Regular Flavor, Colgate-Palmolive
Ltd, Guildford, UK) free of antiplaque or anticalculus
agents. All subjects were also supplied with a fluoride
mouth rinse (Colgate Fluorigard, Colgate-Palmolive Ltd,
Guildford, UK) and asked to rinse with 10 mL once daily
throughout the trial. Use of other dentifrices or mouth rinses
was not permitted during the study. At four-week recall,
each participant was issued a new brush or brush head,
toothpaste, mouthwash, and a tooth-brushing diary, and was
also questioned about soft or hard tissue trauma resulting
from brushing. All participants were offered the alternative
to the allocated brush at the end of the trial.

The examinations at baseline, four weeks, and eight
weeks were carried out at the same time of day to minimize
diurnal variations. Participants had brushed their teeth after
breakfast as normal. Recordings were made adopting the
following sequence—orthodontic modification of the
plaque index, gingival index, mouth rinse with water, East-
man interdental bleeding index, and assessment of tissue
trauma. Following placement of a self-retaining cheek re-
tractor and cotton wool rolls, the teeth were dried with com-
pressed air and plaque scores recorded for four zones (in-
cisal, distal, mesial, and gingival to the bracket or band) on
the labial and buccal aspects of the teeth using the ortho-
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TABLE 2. Mean (SD) per Visit of Plaque, Gingivitis and Percent of
Bleeding for Powered and Manual Toothbrushes

Powered Brush
Mean (SD)

Manual Brush
Mean (SD)

Plaque

Visit 1
Visit 2
Visit 3

0.55 (0.26)
0.47 (0.23)
0.46 (0.24)

0.58 (0.35)
0.40 (0.23)
0.46 (0.26)

Gingivitis

Visit 1
Visit 2
Visit 3

1.17 (0.24)
1.12 (0.19)
1.12 (0.18)

1.18 (0.28)
1.09 (0.23)
1.12 (0.23)

Bleeding (%)

Visit 1
Visit 2
Visit 3

53.0 (22.3)
39.4 (20.1)
43.4 (20.6)

47.3 (19.3)
40.9 (19.4)
44.0 (20.1)

dontic modification19 of the Silness and Löe plaque index.20

This modified index has demonstrated sensitivity in dis-
crimination between plaque levels in subjects with fixed
orthodontic appliances.19 A Community Periodontal Index
of Treatment Needs (CPITN) probe,21 angled at 458, was
moved around the cervical aspect of each tooth just inside
the gingival crevice to record the gingival index22,23 one
quadrant at a time. All traces of gingival bleeding were
removed by rinsing or by a gentle stream of air and water
before recording the Eastman Interdental Bleeding Index.24

From the buccal aspect, a wooden interdental stick (Inter-
dental Woodsticks, Oral-B laboratories, Aylesbury, UK)
was inserted four times between the teeth, depressing the
interdental papilla by 1 to 2 mm. After 15 seconds, the
presence or absence of interdental bleeding was noted. The
Eastman Interdental Bleeding Index was calculated from
the number of bleeding sites as a percentage of the total
sites assessed.

Power and sample size considerations

The study sample size had a power of 80% to detect, at
a statistical significance level of 5%, differences between
the study groups with respect to changes from visit 1 to
visit 3 in either bleeding, gingivitis, or plaque of the order
0.86 standard deviations (incorporating Bonferroni correc-
tion to allow for the analysis of three outcome parameters).
For the current study, this would translate to being able to
detect a 13% change from baseline for gingivitis, or ap-
proximately a 40% change from baseline for plaque or
bleeding (assuming no change in the manual toothbrush
group).

Use of summary measures

As multiple measurements were recorded for each pa-
rameter for each individual, summary measures were pro-
duced to facilitate analyses. Matthews et al25 describe this
approach to the analysis of repeated measures data in detail.
For plaque, as not all teeth had the same number of sites
recorded, the mean of the within-tooth averages was cal-
culated for a given subject. For gingivitis scores, the mean
score was calculated over all available sites. The percentage
of sites with bleeding was calculated.

To adjust for any imbalances in baseline age, sex, and
gingival health, General Linear Modeling was undertaken.
The mean and standard deviation for each of the three pa-
rameters recorded (plaque, gingivitis, and interdental bleed-
ing) was calculated for each time point. Analyses looking
for changes within the individual groups were carried out
using paired t-tests. Comparisons of the two study groups
were made using two-sample t-tests.

RESULTS

At baseline (visit 1), 33 subjects (15 boys and 18 girls)
were allocated the powered brush and 30 subjects (13 boys

and 17 girls) were allocated the manual brush. The mean
ages of subjects in the powered brush group was 14.9 6
1.4 years and in the manual brush group 15.4 6 2.1 years.
Mean percentage gingival bleeding at baseline for those al-
located the powered or the manual brush was 28.3 6 11.5
or 29.4 6 14.7, respectively. Thus, as expected, due to the
stratification process the groups were well balanced with
respect to sex, age, and gingival health.

One subject chose to withdraw from the study and two
others were withdrawn, one due to failed compliance and
the other because of difficulties with attendance within the
recording period. Sixty subjects completed the trial. These
comprised 31 subjects (14 boys and 17 girls) who used the
powered brush and 29 subjects (12 boys and 17 girls) who
used the manual brush. There were no reports or observa-
tions of damage to the oral tissues from either toothbrush
over the duration of the trial. Subjects allocated the pow-
ered brush reported favorably regarding its performance,
but objective assessment of patient satisfaction with this
product was not undertaken. For both study groups, most
reduction in the three parameters assessed was seen be-
tween visits 1 and 2, with little reduction (an increase in
some cases) apparent between visits 2 and 3 (Table 2).

Within group comparisons (Table 3)

Plaque. For the powered toothbrush group, there were
no statistically significant differences observed, either from
baseline (visit 1) to visit 2 or visit 3 (P 5 .131 and P 5
.145, respectively), or between visit 2 and visit 3. For the
manual toothbrush group, there was a significant reduction
in plaque from baseline to visit 2 (P , .001) and the sig-
nificant improvement was still apparent at visit 3 (P 5
.016).

Gingivitis. For the powered toothbrush group, no statis-
tically significant differences were found either from visit
1 to visit 2 or visit 3 (P 5 .096 and P 5 .223, respectively)
or from visit 2 to visit 3 (P 5 .947). For the manual tooth-
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TABLE 3. Within-Group Comparisons of Mean (SD) Plaque, Gingi-
vitis, and Percent of Bleeding for Powered and Manual Brushes With
Associated P Values

Powered Brush

Mean (SD) P-value

Manual Brush

Mean (SD) P-value

Plaque

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

20.07 (0.25)
20.07 (0.27)
20.01 (0.14)

.131

.145

.585

20.18 (0.25)
20.12 (0.26)

0.05 (0.18)

,.001
.016
.126

Gingivitis

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

20.04 (0.14)
20.04 (0.17)

0.00 (0.11)

.096

.223

.947

20.09 (0.15)
20.06 (0.18)

0.03 (0.11)

.004

.096

.145

Bleeding (%)

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

212.7 (21.8)
28.6 (20.9)

3.8 (18.6)

.003

.028

.270

26.8 (15.7)
23.6 (19.0)

3.2 (14.2)

.028

.319

.238

TABLE 4. Between Group Comparisons for Mean Differences in
Plaque, Gingivitis and Percent of Bleeding for Powered and Manual
Brushes With Associated P Values

P-value for
Simple Analysis

of Changes

P-value Adjusting
for Sex, Age, and
Baseline Gingival

Health

Plaque

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

.090

.448

.114

.096

.450

.151

Gingivitis

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

.219

.676

.311

.367

.816

.212

Bleeding (%)

Visit 2–Visit 1
Visit 3–Visit 1
Visit 3–Visit 2

.235

.333

.893

.234

.390

.771

brush group, although there was a significant reduction in
gingivitis from visit 1 to visit 2 (P 5 .004), by visit 3 the
change from baseline was no longer significant (P 5 .096).

Bleeding. For the powered toothbrush group, there was
a significant reduction in bleeding from visit 1 to visit 2 (P
5 .003) and this significant improvement from baseline was
still apparent by visit 3 (P 5 .028). A significant, but less
marked, reduction in bleeding also occurred in the manual
toothbrush group from baseline to visit 2 (P 5 .028) but
by visit 3 the change from baseline was no longer signifi-
cant (P 5 .0319).

Between group comparisons (Table 4)

For all between visit comparisons, no statistically signif-
icant differences were detected between the study groups
for any of the parameters assessed, irrespective of whether

analyses were conducted based on simple changes or in-
corporated correction for baseline characteristics.

DISCUSSION

This randomized controlled study gives important infor-
mation on the efficacy of a powered toothbrush with a ded-
icated orthodontic head, compared to a manual toothbrush
on the oral health of orthodontic patients undergoing fixed
appliance therapy in a hospital clinic. A crossover design,
enabling each brush to be tested in each subject, has been
employed in many comparative tooth-brushing studies in
orthodontic patients,12–15,17 but a parallel group design has
also been used.16 If the latter approach is used, it can be
useful to incorporate stratification into the randomization
process to ensure relative balance with respect to important
prognostic factors at baseline, thus lessening the likelihood
that the final study results will be confounded by baseline
differences between the study groups.

Observations of plaque removal in tooth brushing trials
in orthodontic patients vary from one day to two months16,17

with one notable exception of 18 months.7 Those which
incorporate measurements of gingival changes usually run
for a minimum of four weeks as over this period clinically
meaningful alterations in plaque and gingival bleeding have
been recorded in nonorthodontic groups.26–28 The eight-
week duration of the present study falls in line with the
recommendation in the ADA acceptance program guide-
lines for toothbrushes that the trial should extend over a
minimum of 30 days.26,29 While long-term dental hygiene
practices at home are more likely to be reflected in trials
extending over several months, compliance with the trial
regime can become problematic, thereby providing an im-
precise assessment of the efficacy and usefulness of a tooth-
brush.26

Tooth brushing duration has also varied between studies.
To remove the potential bias that this variable would intro-
duce in the trial reported here, subjects allocated the manual
toothbrush were issued a digital timer and instructed to
brush twice daily for a timed two minutes. This procedure
has been used in other studies.15–17 Subjects allocated the
powered toothbrush were given identical instructions and
the brush has an integral two minute timer, therefore, tooth
brushing duration should have been standardized between
groups. Clerehugh et al16 used a similar duration although
other investigators have employed a two-minute tooth
brushing time only for subjects allocated the manual tooth-
brush and three minutes for the powered brush.17

Indices used to score plaque do not account adequately
for the particular plaque retention problems posed by fixed
appliance components. A modification19 of the plaque in-
dex,20 developed specifically for use in subjects with fixed
orthodontic appliances and which has objective sensitivity
in this regard,19 was used in the present study. It has been
employed previously in a practice-based trial comparing a
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powered and a manual toothbrush in fixed appliance ortho-
dontic patients.16 In the study reported here, plaque was
only assessed on the buccal surfaces of teeth that were
bonded or banded. The lingual surfaces, which other reports
have noted were improved considerably in nonorthodontic
subjects by use of a powered brush,30 were not included in
analyses. Although this approach has been used in another
similar trial,16 it is possible that it has increased the risk of
making a Type II error through exclusion of regions where
the difference between the groups may be largest.

At baseline, mean plaque scores were just over 0.50 in
each group, demonstrating much better oral hygiene than
those subjects entered in a similar trial.16 This could account
for the modest improvements in the various parameters seen
during the current trial. Lower plaque levels have been de-
scribed as having the potential to ‘neutralize’ any beneficial
effects that power brushes confer on those with poorer oral
hygiene.13

Over an eight-week period, the manual tooth brushing
group exhibited a significant reduction in mean plaque
scores, which may be due to involvement in the trial, the
formal hygiene instruction given at the time of toothbrush
allocation, and the use of a timing device to remind partic-
ipants of the duration of brushing. Although subjects allo-
cated the powered toothbrush were given specific instruc-
tions with regard to tooth brushing, no significant reduction
in mean plaque scores was observed over the trial period.
This may be due in part to the subjects having to adapt to
a new brush and brushing technique.

Two indices were used to assess the impact of plaque on
gingival health. Color, swelling, and bleeding were assessed
by the gingival index.22,23 Mean gingivitis scores were only
reduced significantly at four weeks in the manual tooth-
brushing group, despite a significant reduction in mean
plaque score being recorded at eight weeks. This apparent
conflict between plaque and gingivitis scores has been re-
ported previously.31 No significant reduction, however, was
observed in mean gingivitis scores for the powered tooth-
brush group from baseline to the conclusion of the trial.

The usefulness of each brush in the interdental area was
also assessed using the Eastman Interdental Bleeding In-
dex.24 The value of this index in assessment of the efficacy
of interdental hygiene measures has been emphasized.32

Subjects allocated the powered toothbrush exhibited a sta-
tistically significant reduction in mean percentage of inter-
dental bleeding scores over the trial period, confirming the
findings of Clerehugh et al.16 This most likely reflects the
ability of the specific small head design to access interden-
tal areas, but also may be due to acoustic microstreaming.33

When the toothbrush groups were compared, there were
no statistically significant differences observed for any of
the parameters assessed at any of the time points of the
study. This confirms the findings of studies16,17 where other
types of orthodontically dedicated powered toothbrushes

have been compared to manual toothbrushes in fixed ap-
pliance patients.

CONCLUSIONS

A powered toothbrush with a dedicated orthodontic head
(Braun Oral B 3D) was as effective as a manual toothbrush
(Reach) at cleaning around fixed orthodontic appliances.

For subjects using a powered toothbrush with an ortho-
dontic head, the most marked improvement in oral health
was in interdental bleeding.
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