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ABSTRACT

There is inconclusive evidence about the
relationship between toothbrush wear and plaque
removal. This randomized cross-over clinical trial
aimed to validate or invalidate non-inferiority in
the plaque-removal efficacy of old vs. new
toothbrushes in the hands of 7- and 8-year-old
children. The lower limit for non-inferiority was
set a priori as a difference in plaque score < 15%.
Children (n = 101) brushed, in the first session,
with either their 14-month-old toothbrush or a new
one, and in the second session vice versa. The
mean Quigley-Hein plaque score, before and after
children brushed with old brushes, was 2.9 and
2.4, and with new brushes 2.8 and 2.1. The plaque
score after they brushed with the new toothbrush
was 10.9% lower (p < 0.001) than after they
brushed with the old toothbrush. The confidence
interval of 7.6%-13.9% was within the acceptance
band (< 15%), and non-inferiority of old
toothbrushes in the hands of these children was
validated.
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INTRODUCTION

Investigations on the relationship between toothbrush wear and plaque
removal have resulted in inconclusive outcomes. Studies with laboratory-
worn toothbrushes reported that these toothbrushes had inferior plaque
removal efficacy as compared with new ones (Kreifeldt ez al., 1980; Warren
et al., 2002). However, artificially worn toothbrushes do not model natural
wear well and are therefore not necessarily clinically relevant tools in
studies on plaque removal efficacy.

Studies with naturally worn toothbrushes reported no statistically
significant difference in whole-mouth plaque scores after brushing when
worn and new toothbrushes were compared (Daly et al., 1996; Sforza et al.,
2000; Tan and Daly, 2002; Conforti et al., 2003), except for one that
reported statistically significantly more plaque removal (23%) after brushing
with a two-week-old brush as compared with a 10-week-old brush (Glaze
and Wade, 1986). Two studies (Daly et al., 1996; Tan and Daly, 2002)
indicated no difference at all in the plaque-removing efficacy of heavily
worn toothbrushes as compared with that of toothbrushes with minor wear
or no wear. The two other cited studies (Sforza et al., 2000; Conforti et al.,
2003) showed statistically non-significantly higher plaque scores after
brushing with three-month-old toothbrushes as compared with one-month-
old toothbrushes. The lack of statistical significance in these latter two
studies may be due to lack of sufficient power.

From this brief review of the literature, it may be concluded that, in
contrast to what is generally thought, the wear status of a toothbrush might
be less critical for the maintenance of good plaque control. Cited studies
were all performed with adults. This raises the question whether the reported
findings are applicable to young children. This is particularly relevant in the
context of affordability of school-based toothbrushing programs in low-
income countries.

We therefore decided to conduct a randomized cross-over clinical trial
to validate or invalidate the hypothesis that old toothbrushes in the hands of
schoolchildren were not less effective than new toothbrushes with regard to
plaque removal.

MATERIALS & METHODS
Participants

This single-use cross-over trial was carried out in the township of Taikkye, a
semi-urban and rural area in Burma, about 80 km north of the capital, Yangon.
Two of the six primary schools, where daily school-based toothbrushing after
lunch was performed under teacher supervision, were randomly chosen with a
randomization list. Schoolchildren had been instructed to brush their teeth with
short horizontal strokes in a systematic way, so that they cleaned all surfaces of
their dentition with fluoride toothpaste. Their toothbrushes were kept at school.
The type of toothbrush used was 'kids' from Jacomo, Thailand, with the following
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specifications: length, 129 mm; 8 rows
of bristles; 25 tufts; 35 monofilaments
per tuft; height of monofilaments, 10
mm; and diameter of filaments, 0.4 mm
(Fig.).

All 7- and 8-year-old children
from the two selected schools, who had
received new toothbrushes
approximately 14 mos prior to the
study, were selected to participate in
this cross-over trial. They were
accepted for the study if they had at
least 6 permanent incisors and all 4
permanent first molars. Ethical
clearance for the study was obtained
from the Institutional Ethical
Committee of the Department of
Medical Research, Lower Myanmar.
Informed consent was given by the
parents prior to the commencement of
the study.

Plaque Scoring

Plaque was disclosed by the
application of Mira-2-Ton® solution
(Hager & Werken, GmbH & Co.,
Duisburg, Germany). Plaque was
assessed on upper and lower permanent
incisors and permanent first molars by
means of a modified Quigley-Hein
Index (Quigley and Hein, 1962;
Turesky et al., 1970; Lobene et al.,
1982). Each tooth was divided into 6
surfaces: distal-vestibular, mid-
vestibular, mesial-vestibular, distal-
lingual, mid-lingual, and mesial-
lingual. Each surface of a tooth was
scored on a six-point scale:

Score 0
Score 1

No plaque

The presence of a discontinuous line of plaque at the
gingival margin, e.g., small islands

A continuous line of plaque, at the gingival margin, which
does not extend greater than 1 mm from the margin
Plaque coverage which is greater than 1 mm but does not
extend over more than one-third of the tooth

Plaque which covers more than one-third but not more
than two-thirds of the tooth surface

Plaque coverage over more than two-thirds of the tooth
surface

Score 2
Score 3
Score 4

Score 5

Each child was examined by two examiners (MTA and WS).
These examiners were instructed and calibrated by an experienced
examiner (NAMR). This examiner had been trained and calibrated
in the plaque-scoring system and had applied it in other studies
(Rosema et al., 2005; van der Weijden et al., 2005). The plaque-
scoring system was explained with the use of clinical, colored
photographic images prepared by the investigators showing the
different locations of plaque and the concomitant score. This
visual training session was followed by two days' calibration of
plaque scoring in children. The tooth surfaces were dried with
compressed air and examined with an intra-oral fiber-optic light
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Figure. A new toothbrush and 9 randomly selected 14-month-old toothbrushes. Bar = 1 cm.

and a mouth mirror (Fiberoptic Aspirators & Instruments,
Duncanville, TX, USA). The children were placed in a supine
position on a long classroom bench, with their heads on a pillow
on the lap of the examiner, who sat behind them.

Experimental Design

The two examiners scored the plaque of all children. At the first
session, plaque was disclosed and scored successively by the two
examiners, to obtain the mean of a duplicate plaque score before the
children brushed their teeth. Next, the children were randomly
allocated either to a new toothbrush or to their own used toothbrush.
Randomization was performed with true random numbers, which we
generated by sampling and processing a source of entropy outside
the computer (see www.random.org). With the use of a mono-jet
syringe (Tyco Health Care, Mansfield, MA, USA), the amount of
toothpaste (0.4 mL, FreshUp, Myanmar) was standardized and
placed on the toothbrush. The children were instructed to brush their
teeth to the best of their ability, without any time restriction and
without the help of a mirror. The time each child spent brushing was
recorded with a stopwatch. At the completion of brushing, the
children rinsed with a fixed amount (30 mL) of water for 10 sec.
Subsequently, the child's plaque was disclosed and scored again
successively by the two examiners, who had no insight into the
baseline score and who were unaware of the brush assignment (new
or old). At a second session, 2 wks later, the described procedure
was repeated. The only difference was that the toothbrush allocation
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