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Clinical evaluation of brushing
time and plaque removal
potential of two manual
toothbrushes

Abstract: Aim: To compare plague removal efficacy of Oral-B
CrossAction (CA) used for 1 min with an American Dental
Association (ADA) manual toothbrush used for 2 or 5 min in
an examiner-blind, three-treatment, six-period crossover
study. Materials and Methods: After refraining from all oral
hygiene procedures for 23-25 h, subjects were randomly
assigned to one of nine possible six-period (visit) treatment
sequences. Plague was assessed at baseline (Rustogi
Modified Navy Plaque Index). Post-brushing scores were
recorded after brushing with a marketed dentifrice and the
assigned toothbrush for the specified duration. The same
procedure was followed at each of six subsequent visits.
Clinical measurements were carried out by the same
examiner. Results: Forty subjects completed the study. All
three treatments effectively removed plaque from the whole
mouth, along the gingival margin and from approximal
surfaces. Whole mouth and gingival margin plaque removal
scores with CA for 1 min did not differ significantly from
scores with the ADA toothbrush used for 2 min. The ADA
brush used for 5 min showed significantly greater whole
mouth (P < 0.001) and gingival margin (P < 0.001) plaque
reduction than the two other treatments. Approximal plaque
removal scores did not differ between the three treatments.
Conclusions: Efficient plagque removal can be achieved after
1 min of brushing with CA. The amount of plaque removed
did not differ significantly from that achieved with the ADA
brush after 2 min of brushing. Greater whole mouth and
gingival margin plague removal scores were seen with the
ADA brush after 5 min.

Key words: clinical trial; oral hygiene; plaque control; tooth
brush electric/manual; toothbrushing methods/techniques
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Introduction

Dental disease can be prevented and controlled by adequate
mechanical removal of dental plaque (1-6). This can be
achieved by regular brushing with a manual toothbrush, but
only if users adopt an appropriate technique and brush for long
enough (7-9). Manufacturers of manual toothbrushes have
helped to overcome inconsistent and varied toothbrush motion
by introducing novel brush head designs aimed at achieving
good plaque removal even with inadequate brushing technique
(10). However, toothbrush manufacturers (11-13) continue to
promote the need to brush for a sufficient length of time (i.e.
2 min twice a day) to reinforce good hygiene habits.

The relative merits of advances in manual toothbrush design
can be readily assessed in clinical studies that compare brushes
for their effectiveness in removing plaque from all regions of
the mouth, including the approximal surfaces and gumline
areas (gingival margins) that are known to be hard to reach
during routine brushing and hence susceptible to plaque accu-
mulation. Typically, these clinical studies compare the plaque
removing cffectiveness of different manual brushes over a
fixed time interval, generally 1 min, and the results of such
comparisons serve to define the relative efficiency of novel
brushes as they are introduced for use by the general popula-
tion (14-16). Results of these standard plaque removal studies
are typically expressed as ‘Brush A removed x% more plaque
than Brush B’. The relevance of this type of comparison, how-
ever, may be difficult to interpret.

Clinical studies of this kind have established Oral-B Cross-
Action (CA, Fig. 1) as a leading manual toothbrush for efficient
plaque removal and hence good oral hygiene (17). Indepen-
dent studies show benefits of approximately 10-40% for CA
relative to several ordinary manual brushes (18). In an effort to
further dimensionalize the relative performance of CA in a
way that may be more meaningful to patients and profession-
als, new research was undertaken to look at the efficiency of
plaque removal with brushing. The approach in this trial was
to evaluate plaque reduction levels achieved with CA for
1 min versus those achieved using a traditional manual brush
(ADA flat trim reference brush; Fig. 1) when that brush was
used for a longer duration, specifically the recommended dura-
tion of 2 min. Although arguably unrealistic to expect individu-
als to brush for longer than 2 min, this study also included the
use of an ADA manual brush when used for 5 min to explore
the impact of longer brushing duration on plaque removal.

In this study, therefore, the effectiveness of CA relative to
the effectiveness of the ADA manual brush was examined in

three brushing regimens: CA for 1 min; ADA manual brush for
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Fig. 1. ADA manual toothbrush (left) and Oral-B CrossAction (right).

2 min; and ADA manual brush for 5 min. A six-period cross-
over design was used to control for residual effects and the
Rustogi e a/. Modified Navy Plaque Index (RMNPI) (19) was
used to assess plaque removal as this index is widely used for
scoring whole mouth plaque and also readily allows for plaque
removal to be scored at specific surfaces (approximal and gingi-

val margin), where plaque is most likely to accumulate (20).

Materials and Methods
Ethical approval

The study protocol was approved by the University of Texas
Health Science Center at San Antonio Institutional Review
Board prior to the start of the study. All subjects gave signed
informed consent and completed a medical history form before
participation in the study, and were free to withdraw from the

study at any time.



Subjects

Adult subjects from the San Antonio area were eligible for the
study. For study inclusion subjects were required to be in good
general health, between 18 and 70 years of age and with a mini-
mum of 15 scorable teeth. The subjects were also required to be
willing to refrain from all oral hygiene procedures and chewing
gums (21) for at least 23-25 h prior to each study visit and from
eating, drinking or smoking for 4 h prior to visits.

Any of the following criteria excluded subjects from partici-
pating in the study: having an orthodontic appliance or remov-
able prosthesis; evidence of neglected dental health (e.g.
obvious periodontal disease); five or more carious lesions

requiring restorative treatment.

Study design and procedures

This was an examiner-blind, three-treatment (CA for 1 min;
ADA manual toothbrush for 2 min; ADA manual toothbrush
for 5 min), randomised, six-period (visit) crossover study. The
order in which the three treatments were assigned was deter-
mined by nine different treatment sequences, e¢.g. ACBBCA,
BACCAB, CBAABC, etc., and

assigned to one of the nine sequences (approximately 4 to 5

subjects were randomly
subjects per sequence).

Subjects who gave signed informed consent and who were
eligible to participate in terms of the study inclusion and
exclusion criteria were given a CA toothbrush for 3-5 days to
become familiar with this brush. At the Period 1 visit, subjects
who had refrained from all oral hygiene procedures and chew-
ing gums for at least 23-25 h prior to the study visit and who
had refrained from eating, drinking or smoking for 4 h prior to
the visit swished with red disclosing solution to disclose their
plaque. They then received a pre-brushing plaque examination.
Plaque was scored using the RMNPI on each of nine sites on
both the buccal and lingual tooth surfaces (i.e. for 28 teeth a
total of 504 sites were scored). Plaque was scored as either
present (score = 1) or absent (score = 0) for the whole mouth,
along the gingival margin, and interproximally (i.e. the approx-
imal surfaces) as defined in Fig. 2.

Subjects were then instructed to brush for their assigned
brushing time with their assigned toothbrush and marketed
toothpaste (Crest Cavity Protection, Procter & Gamble Com-
pany, Cincinnati, OH, USA) using a horizontal motion tech-
nique. Brushing was under supervision but unaided by access
to a mirror. After brushing their teeth, the subjects again
swished with the red disclosing solution to disclose the plaque

and this was followed by a post-brushing plaque examination.
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Fig. 2. Rustogi er al. Modification of the Navy Plaque Index (18). Dis-
closed plaque is scored in each tooth area as present (scored as 1) or
absent (scored as 0) and recorded for both buccal and lingual surfaces.
Whole mouth = areas A, B, C, D, E, F, G, H and [; along gingival mar-
gin (gumline) = areas A, B and C; interproximal (approximal sur-
faces) = D and F.

The following five visits were each separated by an interval of
approximately 2-3 days during which subjects were instructed
to brush their teeth as normal and with their usual brush. At
cach of the visits subjects were assigned brushes according to
their treatment sequence. The procedure for disclosing, brush-

ing and plaque grading was the same for each visit.

Data analysis

A sample size of 35 completed subjects in a six-period cross-
over study was estimated for this study based on previous pla-
que removal data from the examiner (G'T), to ensure an 80%
chance of detecting a treatment group difference of about
0.009 as measured by RMNPI.

The average whole mouth RMNPI scores were obtained at
baseline and following brushing and the differences (baseline
minus post-brushing) were calculated for each subject in each
treatment period. To assess treatment effects, an analysis of
covariance (ANCOVA) for a crossover design was applied to the
differences, with terms in the model for subjects, treatment,
period and the baseline score as the covariate. In addition to
the analysis of average whole mouth scores, separate analyses
were performed for average gingival margin scores and average
approximal scores with the appropriate baseline score as the
covariate. For each variable appropriate tests were conducted
to assess carryover effects in this three-treatment, six-period
crossover design. All comparisons were two-sided and used a

significance level of o = 0.05.
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Results

In total 41 subjects were enrolled in the study and all except
one of these subjects, who voluntarily withdrew at the fourth
study visit, completed the study. Table 1 shows the demo-
graphic data for the 40 subjects included in the analyses.

The crossover ANCOVA revealed no statistically significant
carryover effects (P 2 0.436) for either whole mouth, gingival
margin or approximal surfaces and this term was dropped from
the final analyses of treatment group differences. Mean
RMNPI pre-brushing (baseline) scores and mean post-brushing
plaque reduction are shown for all three treatment groups in
Table 2 together with P-values for overall treatment group dif-
ferences in plaque removal, and where appropriate, compari-
sons between each treatment group.

Pre-brushing plaque scores did not differ significantly
(P > 0.05) between treatment groups for either whole mouth,
gingival margins, or approximal surfaces. The difference in
whole mouth plaque removal between the CA used for 1 min
and the ADA manual toothbrush used for 2 min was not statis-
tically significant (P = 0.914). Whole mouth plaque removal
with the ADA manual toothbrush used for 5 min was statisti-
cally significantly greater (P < 0.001) than with either the ADA
manual toothbrush used for 2 min or CA used for 1 min. The
adjusted mean plaque reduction score for the ADA manual
toothbrush used for 5 min was about 10% greater than the
reduction scores for the other two brushes.

Gingival margin plaque removal results were similar to those
for whole mouth plaque removal. The difference between CA
used for 1 min and the ADA manual toothbrush used for
2 min was not statistically significant (P = 0.814). Gingival
margin plaque removal with the ADA manual toothbrush used
for 5 min was statistically significantly greater (P < 0.001) than
with either the ADA manual toothbrush used for 2 min or CA
used for 1 min. The adjusted mean plaque reduction score for
the ADA manual toothbrush used for 5 min was about 11%

greater than the reduction scores for the other two brushes.

Table 1. Demographic characteristics

Patients (n) 40
Age (years)
Mean 44.2
Minimum—maximum 23-65
Gender (n)
Males 11
Females 29
Ethnicity (n)
Caucasian 12
Hispanic 26
Asian 2
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Approximal plaque removal results revealed no statistically
significant difference among the treatment groups (P > 0.1).

The percentage reductions in plaque for the whole mouth,
marginal and approximal surfaces were 58, 55 and 72%, respec-
tively with CA used for 1 min; 58, 56 and 74%, respectively
with the ADA manual brush used for 2 min; and 64, 62 and
79%, respectively with the ADA manual brush used for 5 min
(Fig. 3).

No adverse events were reported during the study.

Discussion

The length of time spent brushing has been shown to be an
important factor in determining brushing effectiveness. For
example, in a comparative study of plaque removal with three
clectric toothbrushes and a manual brush (22), the teeth of
dental students were brushed by an investigator in a series of
experiments that differed only in terms of the time for the
brushing procedure. The brushing times for the whole mouth
ranged between 30 s and 6 min. Although efficacy differed
between brushes and the interproximal areas were not cleaned
as effectively as lingual and vestibular surfaces, the results
served to illustrate that an increase in toothbrushing duration
gave an increase in plaque removal.

Dental professionals and the oral hygiene industry generally
recommend 2 min twice a day as the optimal brushing time
(11-13). However, there is evidence of poor subject compli-
ance with recommended brushing time. In a study using a
powered toothbrush and electronic data loggers over a
2-month-period in patients with chronic periodontal discase
(23), subjects were told to brush for 2 min in the morning and
evening and to complete a brushing diary. From the manually
completed diaries and data loggers, it was found that almost
half of the brushing events (48%) were non-compliant (i.e.
either 30 s above or below the instructed brushing time of
2 min).

Leading manufacturers of modern powered toothbrushes
assist compliance by designing their brushes with timers (e.g.
Oral-B  Professional Care Series; Philips Sonicare; Philips
Healthcare, Bothell WA, USA), which in some cases are pro-
grammable and incorporate beeps and pauses, all designed to
help individuals achieve the appropriate brushing time in all
sections of the mouth. However, users of manual tooth-
brushes or power brushes without timers are likely to rely on
their own judgment for brushing duration and unfortunately
it has been shown that individuals believe they brush their
teeth for longer than the time they actually spend brushing,

which on average is approximately 1 min rather than the



Table 2. Pre-brushing plaque scores and
post-brushing plaque reduction
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Post-brushing
plague reduction

Difference in

Brush and Pre-brushing (Adjusted plaque removal
comparison (mean + SD) mean + SE) (P-value)
Whole CA 1 0.371 £ 0.038 0.215 + 0.002
mouth ADA 2 0.371 £ 0.039 0.215 + 0.002
ADA 5 0.370 + 0.033  0.237 + 0.002
CA 1 vs ADA (P < 0.001)
2 vs ADA 5
CA 1vs ADA 2 0.0003 (P = 0.914)
CA 1vs ADA S —-0.022 (P < 0.001)*
ADA 2 vs ADA 5 -0.021 (P < 0.001)*
Gingival CA 1 1.0+ 00 0.554 + 0.006
margin ADA 2 1.0+ 0.0 0.556 + 0.006
ADA 5 0.999 + 0.001 0.616 + 0.006
CA 1 vs ADA (P < 0.001)
2 vs ADA 5
CA 1vs ADA 2 0.002 (P =0.814)
CA 1vs ADA 5 —-0.062 (P < 0.001)*
ADA 2 vs ADA 5 —0.060 (P < 0.001)*
Approximal  CA 1 0.109 + 0.096  0.079 + 0.002
ADA 2 0.106 + 0.103  0.078 + 0.002
ADA 5 0.107 £ 0.091  0.085 + 0.002
CA 1 vs ADA (P=0.104)
2vs ADA 5
CA 1 vs ADA 2 n.a.
CA 1vs ADA S n.a.
ADA 2 vs ADA 5 n.a.

CA 1, Oral-B CrossAction used for 1 min; ADA 2, ADA manual used for 2 min; ADA 5, ADA
manual used for 5 min; SD, standard deviation; SE, standard error from crossover ANCOVA;
n.a. not applicable; *, In favour of ADA manual used for 5 min.

1009 [[ICA 1 min
- ADA 2 min
& 80+ |[JADA 5 min
5
'-§ 60
Fig. 3. Percent plaque reduction from baseline g 40
for whole mouth, gingival margins, and approxi- 5
mal surfaces with Oral-B CrossAction used for § 20
1 min (CA 1 min), ADA manual used for 2 min o
(ADA 2 min) and ADA manual used for 5 min 0 T T 1

(ADA 5 min).

Whole mouth

Gingival margin

Approximal

recommended 2 min. A difference of this magnitude has
been consistently demonstrated. For example, a significant
difference was found between the average estimated brushing
time of 155 s and the average covertly timed actual brushing
time of 57 s in a study with patients at a dental clinic in the
US (24). In a Swiss study volunteers at a dental clinic
showed a mean covertly recorded actual toothbrushing time
of approximately 68 s, and in two further Swiss studies with
soldiers or inhabitants of a town mean covertly recorded
actual toothbrushing times were 83.5 and 72.8 s, respectively.
Across the three Swiss studies, the estimated brushing time

ranged between 134.1 to 148.1 s and in all studies there was

a statistically significant difference between actual and esti-
mated brushing times (25). Actual brushing times in the gen-
eral population may be even shorter than 1 min. Based on
the results from videotaped recordings of brushing behaviour
at home in two independent studies, Beals ez /. (10), con-
cluded that an adult brushes on an average for 46 s.

The general population not only brush their teeth for a
shorter than optimal time, but also adopt techniques during
routine brushing that have limited effectiveness for removing
plaque from certain tooth surfaces. These hard to reach areas
are mainly the gingival margins and the approximal surfaces of

the premolars and molars, and plaque accumulation in these
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regions are associated with gum diseases such as gingivitis
(5, 26, 27). Because of inadequacies in brushing technique,
manual toothbrush manufacturers have introduced features
into their designs aimed at improving plaque removal from all
tooth surfaces regardless of brushing technique. The introduc-
tion of the CA toothbrush followed an extensive program of
laboratory and ergonomic studies, which resulted in a uniquely
designed brush head with tufts of angled bristles positioned to
provide effective interproximal penetration and cleaning on
brush strokes in both the forward and backward direction.
Since its introduction in the year 2000, the superior effective-
ness of CA for plaque removal and gingivitis control in com-
parison with other manual toothbrushes has been repeatedly
demonstrated in a number of clinical studies and confirmed in
a recent extensive review (14-17).

Clinical comparisons between CA and other manual brushes
typically compare effectiveness using brushing times of the
same duration, i.e. 1 min (14-16). To determine whether CA
delivers a level of plaque removal that differs from the level
that could be achieved with a traditional manual brush, the
present study extended brushing time for the ADA brush.
Therefore, the present study compared plaque removal
between CA for the brushing duration of 1 min, which,
although sub-optimal, is a realistic duration in home use, and a
traditional ADA manual brush when used for the duration that
dental professionals consistently recommend to maximize
effectiveness, i.e. 2 min. The inclusion of a 5 min brushing
duration for the ADA manual brush allowed a useful compari-
son for evaluating the potential of this brush with a further
extension to brushing duration. No difference was found for
whole mouth or gingival margin plaque removal between CA
when used for 1 min and the ADA manual brush when used
for 2 min. When used for 5 min, the ADA manual brush
removed significantly (P < 0.001) more plaque than the ADA
manual brush used for 2 min or CA used for 1 min. Differ-
ences in plaque removal at approximal surfaces were not
significant.

Furthermore, the results showed that with either the ADA
manual toothbrush at 2 min or with CA at 1 min high-levels of
plaque were removed not only from the whole mouth, but also
from those areas that prove hard to clean during routine brush-
ing, i.e. gingival margins and approximal surfaces. There was a
lack of difference between CA when used for 1 min and the
ADA manual brush when used for 2 min and this could be
seen as relevant to home use given that routine brushing times
may frequently be sub-optimal. Differences in favour of the
ADA manual brush only became apparent when it was used

for 5 min; statistically significantly superior whole mouth and
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gingival margin plaque reduction was seen in comparison with
both the ADA brush when used for 2 min and CA when used

for 1 min.

Summary and Conclusion

In this study, efficient plaque removal was achieved after
1 min of brushing with CA, and the amount of plaque
removed did not differ significantly from that achieved with a
standard ADA brush when used for 2 min. Greater plaque
removal scores were seen with the ADA brush after 5 min of
brushing, thereby demonstrating that the ADA brush has the
potential to show similar or enhanced efficacy, but only pro-
vided the duration of brushing is extended considerably. This
study showed the effectiveness of both CA and a traditional
ADA manual toothbrush in removing plaque when used for
sub-optimal (i.e. 1 min) and optimal (i.e. 2 min) brushing
times, respectively, and it also demonstrated the potential of
the ADA manual toothbrush when brushing time is extended.
As plaque removal is highly correlated with brushing time for
a given toothbrush, brushing for two min or longer should

always be encouraged regardless of the brush used.
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