
REVIEW ARTICLE

DE Slot
L Wiggelinkhuizen
NAM Rosema
GA Van der Weijden

The efficacy of manual toothbrushes
following a brushing exercise:
a systematic review

Authors' affiliations:
DE Slot, NAM Rosema, GA Van der Weijden,
Department of Periodontolog'y, Academic
Centre for Dentistry Amsterdam (ACTA),
Amsterdam, The Netherlands
L Wiggelinkhuizen, School of Dental Hygiene,
Hogeschool Utrecht, University of Applied
Sciences, Utrecht, The Netherlands

Correspondence to:
D.E. (Dagmar Else) Slot

Department of Periodontology
Academic Centre for Dentistry Amsterdam
(ACTA)
University of Amsterdam and VU University
Amsterdam
Gustav Mahlerlaan 3004
1081 LA Amsterdam
The Netherlands
Tel.: 4-31 20 5980 179/307
E-mail: d.slot@acta.nl

Abstract: Aim: To determine the efficacy of manual tooth brushing
with respect to toothbrush design and brushing duration. Material and
Methods: The PubMed-MEDLINE and Cochrane CENTRAL were
searched through October 2010 to identify appropriate studies. The
outcome measurement was dental plaque removal following subject
brushing. Results: The search yielded 2119 titles and abstracts.
Ultimately, 59 papers with 212 brushing exercises as separate legs of
the experiments and meeting the eligibility criteria were selected.
Overall, a brushing exercise provides a 42% (21) plaque score
reduction (95% Cl: 41.23; 42.03). Of the brushing studies providing
data as assessed according to the Ouigley and Hein plaque index,
the weighted mean reduction from baseline in plaque scores was 30%
(95% Cl: 26.79; 33.21). A weighted mean plaque score reduction of
53% (95% Cl: 49.51; 56.49) was observed in the experiments using
the Navy plaque index. Subanalysis between the different bristle tuft
configurations illustrated variation in plaque removal ability (24-61%).
The angled bristle design numerioally showed the highest mean
plaque reduction with either index. A subanalysis of brushing duration
revealed after 1 min, a mean reduction of 27% and after 2 min,
41%. Conclusion: The efficacy in plaque removal following a brushing
exercise is a reduction from baseline plaque scores of 42% on
average, with a variation of 30-53% dependent on the plaque index
used. The available evidence indicates that bristle tuft arrangement
(flat trim, multilevel, angled) and brushing duration are faotors that
contribute to the variation in observed efficacy.

[Correction added on 5 July 2012, after first online publication: In
Table 1a, the overall effect of a brushing exercise was estimated at
50% (33) plaque score reduction (95% Cl: 46.54; 55.40). This was
corrected to 42% (21) plaque score reduction (95% Cl 41.23; 42.03)
in the abstract and throughout the manuscript]
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Introduction

During the 18th century, the bristle toothbrush came into use. Fore-
runners of today's brushes were developed in the 1930s. These nylon
toothbrushes with plastic handles were easy to manufacture and therefore
more affordable, making toothbrushing a common practice in Western
society. Ever since, much imagination and inventiveness has been applied
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to toothbrush design, and now there are numerous manual
toothbrushes available on the market. There is, however, still
insufficient evidence that one specific toothbrush design is
superior to another.

Modern toothbrushes have bristle patterns designed to
enhance plaque removal from hard-to-reaeh areas of the denti-
tion, in particular from proximal areas. Designs are based on
the premise that the majority of persons in any population use
a simple horizontal brushing action. Over time, the design of
the brush head has evolved, and multiple tufts of bristles,
sometimes angled in different directions, are now used. Today,
prospeetive users can readily find a toothbrush with a handle
size appropriate to their hand size, and much emphasis has
been placed on new ergonomie designs (1-3).

Since Loe et al. (4) published their 'experimental gingivitis
in man', it has been demonstrated that the accumulation of
bacterial plaque plays an essential role in the initiation and
progress of periodontal disease. Based on a longitudinal study
on the natural history of periodontitis in a dentally well-main-
tained male population (5), it was concluded by Lang et al.
(6) that persistent gingivitis represents a risk factor for peri-
odontal attachment loss and for tooth loss. Regular mechani-
cal removal of bacterial plaque appears to be a prerequisite
to prevent periodontal disease and maintain oral health (7, 8).
Proeedures for the control of supragingival plaque are as old
as recorded history. Currently, the use of a toothbrush and
fluoridated toothpaste in developed eountries is almost uni-
versal (3).

The choice of brush is usually a matter of individual pref-
erence rather than a demonstrated superiority of any one
type (9). The enthusiastic use of the toothbrush is, however,
not synonymous with a high standard of oral hygiene.
Adults, despite their apparent efforts, appear not to be as
effective in their plaque removal as might be expected.
Most individuals reduce plaque scores with approximately
50% during toothbrushing (1). A 1-min brushing exercise in
partieipants adhering to their customary brushing method,
but all using the same toothbrush, observed a plaque score
reduction of approximately 39% (9). The results of the stud-
ies described above collectively indicate that most partici-
pants are not effeetive brushers and probably live with
considerable amounts of plaque on their teeth, despite
brushing at least once a day. What currently is lacking is a
systematie review that, through the process of systematically
locating, appraising and synthesizing evidence from indi-
vidual trials, provides a reliable overview of toothbrushing
effieaey.

Therefore, the aim of this study was to systematically collect
the evidence concerning the effieaey of manual toothbrushing
with respect to toothbrush design and brushing duration.

Box 1: Search strategy developed for PubMed-MEDLINE which
was customized for the COCHRANE CENTRAL database

<intervention AND outcome>

<(Intervention: [MeSH terms/all suhheadingsl Toothbrushing OR
[text words] toothbrush OR toothbrushing OR toothbrush*)

AND

(Outcome: [MeSH terms/all subheadings] dental plaque OR dental
plaque index OR dental deposits OR [text words] plaque OR plaque
removal OR plaque index OR dental plaque OR dental deposit* OR
dental deposits OR dentai deposit)>

Focused question

What is the efficacy of a brushing exereise when comparing
pre- and post-brushing plaque scores in adult participants using
'single-headed' manual toothbrushes with various bristle tuft
eonfigurations and different brushing durations.''

Searcii strategy

Two Internet sources of evidence were used to search for
appropriate papers fulfilling the study purpose: The National
Library of Medicine, Washington, DC (PubMed-MEDLINE),
and the Cochrane Central Register of Controlled Trials (CEN-
TRAL). Both databases were searched for studies conducted
in the period up to and including October 2010. The search
was designed to be inclusive for any published paper that eval-
uated the effeet on dental plaque in a brushing exereise in
healthy adults. The databases were searehed using the terms
for the seareh strategy as presented in Box 1.

Screening and selection

The papers were screened independently by two reviewers (LW
and NAMR). Only papers written in the English language were
accepted. Case reports, abstraets, letters and narrative/historieal
reviews were not included. Initially, they were screened by title
and abstract. If the search keywords were present in the title
and/or the abstract, the paper was selected for full-text reading.
If the relevant information on the eligibility criteria was not
available in the abstract or if the title appeared relevant but the
abstraet was not available, the paper was also selected for full-
text reading for eligibility screening. Then, full-text papers that
fulfilled the eligibility criteria were identified for inclusion in
this study. All reference lists of seleeted studies were hand-
searched for additional papers that might meet the study eligi-
bility criteria. Any disagreement between the two reviewers
was resolved after additional discussion. If a disagreement per-
sisted, the judgment of a third reviewer (DES) was decisive.

Material and methods

This systematie review was conducted in accordance with the
guidelines of Transparent Reporting of Systematic Reviews
and Meta-analyses (PRISMA statement) (10, 11).

Eligibility criteria

The following eligibility criteria were imposed:
• Randomized clinical trials (RCTs) or controlled clinical trials

(CCTs)
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• Participants:
- Humans
- In good general health (no systemic disorders or pregnancy)
- >18 years of age

• Manual toothbrushes single-headed
• Brushing by the participants
• No concurrent usage of other oral hygiene aids like dental

flossing and interdental brush
• Eull mouth plaque scores
• Plaque indices of interest:

- Quigley and Hein plaque index 1962 [Q&H] (12) or Ture-
sky modification of the Quigley and Hein plaque index
1970 [TQ&H] (13) or Lobene modification of the Quigley
and Hein plaque index 1982 [LQ&H] (14) or

- Navy plaque index 1972 [Navy] (15) or Rustogi modified
Navy plaque index 1992 [RMN] (16) or

- Silness and Loe plaque index 1964 [S&L] (17)
• Pre- and post-brushing plaque scores of a brushing exercise

and/or the (percentage) change in plaque scores
• No orthodontic appliances
• No removable or partial dentures.

Assessment of heterogeneity

Factors used to evaluate the heterogeneity of outcomes of dif-
ferent studies are as follows:
• Study protocol:

- Study design
- Plaque index
- Participant entry criteria
- Period of plaque accumulation before the brtishing experi-

ment
• Brushing regimen:

- Toothbrush bristle configuration (brush trim)
- Duration of brushing
- Instruction/method of brushing

Quality assessment

The Cochrane Handbook tool for assessing the risk of bias
judges various aspects of the study reports to estimate the
potential risk of bias (18). The four domains that are scored
are adequate sequence generation, allocation concealment,
blinding, and incomplete outcome data addressed. Considering
the study design that was eligible for this systematic review,
the latter domain was not applicable. Allocation concealment is
one aspect of bias protection shown to have a great impact on
bias (19). Where a trial has unclear methods, for example for
allocation concealment, it should be at best of moderate risk of
bias. For the appraisal of study quality, allocation concealment
was not considered as an item to estimate the risk of bias.
Although the authors recognize that this is an important issue,
they also are aware that reporting on allocation concealment in
the dental literature has not been a critical item up until the
recent past. Therefore, including this item in the quality
assessment would result in an overestimation of the risk of

bias. In addition, sequence generation, which indeed is critical,
has in the past been most commonly reported just as being
'randomized'.

Therefore, three criteria were selected to estimate the
potential risk of bias [Appendix SI (20-75)]: (i) randomization,
(ii) clearly defined inclusion criteria for recruitment and
(iii) blinding to the examiner (blinding to the participant in a
brushing study is not feasible). An aspect of the score list was
given a 'yes' for an informative description of the item at issue
for a study design that met the quality standard, a 'no' for an
informative description and a study design that did not meet
the quality standard and a '?' for missing or insufficient infor-
mation. When random allocation, defined eligibility criteria
and blinding of examiner were present, the study was classi-
fied as having a low risk of bias. If examiner blinding was
missing, the study was considered to have a high potential risk
of bias. If one of the other two criteria was missing, the poten-
tial risk of bias was considered moderate. If both of these were
missing, the potential risk of bias was also considered to be
high. Disagreement between the two reviewers was resolved
after additional discussion. If a disagreement persisted, the
judgment of a third reviewer (DES) was decisive.

Data extraction

From the papers that met the selection criteria, data were
processed for analyses. Mean pre- and post-brushing plaque
scores and standard deviations were, if possible, extracted with
regard to the efficacy of a brushing exercise. This was done by
the two independent reviewers (LW and NAMR). Some of the
studies provided standard errors (SE) of the mean. Where pos-
sible, the authors calculated standard deviations based on the
sample size (SD = SE*^N).

Data analysis

Data are presented and ordered by plaque index. The modifi-
cations of original indices were categorized under the original
index. If possible and where appropriate, the plaque scores
were calculated by the authors of this review based on the data
as provided by the individual selected studies. Based on pre-
and post-brushing data, the percentage reduction from baseline
in plaque scores was calculated for each individual experiment
where needed. A weighted mean change in terms of percent-
age and the standard deviations of the weighted mean for the
plaque score was calculated using the SPSS 16.0 statistical
package (SPSS Inc., Chicago, IL, USA). To assign more
weight to the studies that carry more information for this anal-
ysis, each experiment was assigned a weight by its sample size.
It was detetmined a priori to perform subanalyses when a
representative number of experiments were available (>10) by
bristle tuft configuration (flat trim, multilevel and angled) and
by brushing duration.

In addition, a meta-analysis was performed using mean scores
and the standard deviations provided by the selected articles. A
weighted mean difference (WMD) was calculated using a 'ran-
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dom-effects' model for the difference between pre- and post-
brushing using those experiments that provided sufficient data
[Review Manager (RevMan) [Computer program], version 5.1,
Copenhagen: The Nordic Coehrane Centre, The Coehrane
Collaboration, 2011]. Assigning of weights to the studies in a
'random-effeets' model is dependent on the variance that
reflects the actual distribution of the true effects about their
mean and on the sample size of that study. The studies within
the forest plot are ordered by bristle configuration.

Results

Search and selection results

The PubMed-MEDLINE search yielded 2075 papers and the
Coehrane CENTRAL search 911 papers, with 867 papers
identical in the two searches. After extracting duplicate cita-
tions, 2119 papers remained to be screened. The screening of
the titles and abstracts initially resulted in 120 articles selected
for full-text reading. Of these, 61 papers had to be excluded
because they did not fulfil the inclusion criteria of this study.
An overview of this selection process and the reasons for
exclusion after full-text reading are shown in Eig. 1. The most
common reason for exclusion was the use of partial mouth
scores, generally a split-mouth design. Appendix S2(a-i) shows
the selected studies. Additional searching of reference lists of
the selected studies resulted in one paper from the reference
list (30) [Quigley & Hein (12)]. In various trials, more than
one brush provided data on plaque removal efficacy. Einally,
59 papers with 212 brushing exercise experiments as separate
legs were deemed suitable for this review.

Assessment of heterogeneity

After a preliminary evaluation of the selected papers, consider-
able heterogeneity was observed in study design, plaque indi-
ces used, participants' periodontal status, hours of plaque
accumulation before the brushing experiment, type of tooth-
brush, brushing duration, and instruction and/or method of
brushing. Appendix S2(a-i) shows an overview of these items
in the selected studies.

Study design

Of the 59 selected brushing studies, 52 were randomized con-
trolled trials (RCT) and seven were CCT. Eorty-two of the
RCTs had a crossover design, and four employed a parallel
design. The design of the other six is not sufficiently
described. Three CCTs utilized a parallel design (49, 56) and
two a crossover design (16, 47). For the remaining two (9, 12),
the study design was not clear.

Plaque indices

Of all 59 studies, three studies used the Q&H plaque index
(12), 24 used the TQ&H plaque index (13) and five used the

PubMed-
MEDLINE

2075

Cochrane-
CENTRAL

911

Excluded by title and
abstract
1999

Title & abstracts
2119

Selected papers
for full reading

120

Excluded after
full reading

61

Included from
reference list

1

No full mouth scores

. •. Np p|aque .index of. interest. '

•!NO! sing le. u

'. -Goriducteà- by childret

Fig. 1. Flowchart of search and selection results. Two studies have
reported on plaque scores using both indices (32, 36).

LQ&H (14). In 28 studies, the plaque scores were assessed
with the RMN plaque index (16), and one study used the ori-
ginal Navy plaque index (15). The S&L plaque index (17) was
not used in any of the experiments. Two studies used both
the TQH plaque index and the RMN plaque index to assess
brushing efficacy (Appendix S2a-i and Table 1) (30, 34).

Participant entry criteria

In 32 studies, the participants did not have periodontal disease
or overt irritation or lesions of the hard or soft tissues of the
mouth, while in one study, participants with mild gingivitis
were enrolled. Thirty studies established entry criteria for the
plaque index and/or gingival index, for example a minimum
plaque index score, while 12 studies did not report anything
concerning participant periodontal status (Appendix S2a-i).

Period of plaque accumulation before brushing experiment

In the majority of the studies (33), 23-25 h of plaque accumula-
tion before the brushing exercise experiment was allowed. The
other most common time of plaque accumulation was 12-18 h
(17). Three studies allowed a plaque accumulation of 48 h (21, 55,
69). The other two brushing studies describe a plaque accumula-
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Table 1. Summary of the efficacy foilowing brushing exercises ordered by plaque index and presented as a weighted mean
percentage reduction in plaque index scores (standard deviations of the weighted mean in parentheses)

(a) Total

Plaque index No. of studies No, of experiments No. of participants WM (SD) 95% CT

Q&H (12-14)
Navy (15, 16)
S&L(17)
Overall effect

32
29
NA
59

121
91
NA

212

5478
5328

NA
10806

30% (18)
53% (17)
NA
42% (21)

26.79; 33.21
49,51; 56,49
NA
41,23; 42,03

(b) Subanalysis of brush head design

Plaque index Bristie tuft configuration Nc. of studies No. of experiments No, of participants WM (SD) 95% cr

Q&H (12-14)

Navy (15, 16)

Flat trim
Multiievei
Angled
Flat trim
Multilevel
Angled

23
10
7

16
19
11

74
23
11
27
33
26

3464
1020
599

1764
2050
1489

24%
33%
39%
47%
54%
61%

(11)
(19)
(22)
(12)
(15)
(20)

21.49; 26,51
25.23; 40.77
26.00; 52.00
42,47; 51.53
48,88; 59.12
53,31; 68.69

(c) Subanalysis

Plaque index

Q&H (12-14)

of brushing

Minutes

1
2

duration

No,

20
6

of studies Nc,

83
11

of experiments No, of

4039
349

participants WM

27%
41%

(SD)

(17)
(13)

95% Cl*

25,78; 26,80
39,45; 42,26

NA, net applicable; WM, weighted mean; SD, standard deviation; Q&H, Quigley and Hein plaque index 1962 (12), Turesky modification of
tbe Quigiey and Hein plaque index 1970 (13), Lobene modification cf the Quigley and Hein plaque index 1982 (14); Navy, Navy piaque
index 1972 (15), Rustogi mcdified Navy plaque index 1992 (16); S&L, Silness and Loe plaque index 1964 (17); Cl, confidence interval,
*As a measure of precision, the standard error cf the weighted mean (which is a refiection cf the variation among studies) was used relative
tc the number cf experiments available to caiculate the icwer and upper iimits cf the 95% confidence interval of the weighted mean
difference.

tion of 72 and 96 h. In four studies, the plaque accumulation period
prior to the brushing exercise was not reported (64, 70, 73, 75).

Brushing regimen

Type of toothbrush (bristle tuft configuration)

The 59 studies included as separate legs 212 brushing exercise
experiments. The majority of experiments (« = 100) used
fiat-trimmed toothbrushes. These were most often the Oral-B
35 toothbrush. A multilevel toothbrush was used in 57 experi-
ments, while in 37 experiments, toothbrushes with an angled
bristle tuft configuration were used, most frequently from
Oral-B. In 18 experiments, the type of toothbrush was not
specified or undeterminable, and these were classified as '.?' or
'undeterminable' (Appendix S2a-i and Table 1).

Duration of brushing

The most common brushing time was 1 min in 150 experi-
ments. Brushing time in other experiments varied between
15 s and 5 min. In five experiments, there was no time limit,
but the brushing duration was based on individual habits. Ele-
ven experiments did not mention anything about the time of
brtishing (Appendix S2a-i).

Instruction and/or method of brushing

In 39 studies, participants were allowed to brush according to
their normal regimen without any instructions. In only four
studies, brushing was supervised. Six studies used the (modi-
fied) Bass technique. In eight other studies, toothbrushing
instructions were provided, but these were not specified. Six
studies did not mention whether participants received any spe-
cific oral health instructions concerning the use of their tooth-
brushes (Appendix S2a-i).

Quality assessment

The estimated potential risk of bias of the selected papers is
presented in Appendix SI. Based on a summary of these crite-
ria, the risk of bias is considered low in 53 of the studies. The
potential risk is considered moderate for three studies (16, 56)
and high for three studies (12, 23, 47).

Outcome results

Appendix S2(a-i) presents the data extracts per study/experi-
ment. The experiments are ordered by index and bristle type,
and data are presented with respect to prebrushing, post-brush-
ing and changes in plaque scores following brushing. Significant
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changes are indicated in a separate column if a statistical analysis
comparing pre- and post-brushing data was provided.

Table la provides the results of the weighted mean analy-
ses. It summarizes the efficacy of a brushing exercise as per-
centage reduction from baseline in plaque scores as a weighted
mean difference ordered by plaque index.

The overall treatment effect of a brushing exercise is esti-
mated as a weighted mean 42% (21) (95% CI: 41.23; 42.03)
plaque index score reduction from baseline (Table la). Of all
studies that provided data with respect to the Q&H plaque
index (12-14), the weighted mean plaque score reduction was
30% (95% CI: 26.79; 33.21). A subanalysis (Table lb) of the
different bristle configurations showed a variation of 24—39%.
The angled bristle tuft toothbrush design numerically provided
the highest mean plaque score reduction of 39%. The flat-
trimmed toothbrushes scored the lowest mean plaque score
reduction (24%).

In the experiments of the studies using the Navy plaque
index (15, 16) scores of the overall treatment effect, a mean
reduction of 53% (95% CI: 49.51; 56.49) was established. Sub-
analysis between the different bristle tuft configuration types
also showed that there was variation in efficacy (47-61%).
Again, the brushes with the angled bristle tuft configuration
scored the highest mean plaque score reduction (61%).

In addition, subanalysis was also performed with respect to
brushing duration (Table Ic). Only for studies that used the
Quigley and Hein index (12-14) was there a sufficient number
of experiments available to perform a subanalysis. This
allowed for an estimate of efficacy after 1 and 2 min of brush-
ing. The vs'eighted mean plaque score reduction was 27% after
1 min and 41% after 2 min.

Available mean pre- and post-brushing scores and standard
deviations allowed for a meta-analysis (MA) including 123
experiments to evaluate the efficacy of a brushing exercise. In
total, 52 evaluated pre- and post-brushing plaque scores
according to the Q&H plaque index and 71 by the Navy pla-
que index.

Table 2 shows a summary of the MA outcome, and detailed
information regarding this meta-analysis can be found in the
forest plots as presented in Appendix S3a,b. The efficacy of a
toothbrushing exercise as assessed in weighted mean differ-
ence of the mean index scores was 0.86 [95% CI (0.57; 1.15)]
for the Q&H plaque index (based on a scale of 0-5) and 0.30
[95% CI (0.27; 0.33)] for the Navy plaque index (based on a
scale of 0-1)

Discussion

This review selected studies that evaluated the efficacy of a
toothbrush by assessing pre- and post-brushing scores of a
brushing exercise. In total, 212 brushing exercises as separate
legs of experiments, including 10 806 participants, were used
to calculate a weighted mean overall percentage plaque score
reduction. The sheer magnitude of these numbers and the
heterogeneity observed in the various study designs give the
results particular value, because they reflect what may be
generally expected from a routine oral hygiene exercise as
encountered among patients in everyday practice. Heterogene-
ity in meta-analysis is a consequence of clinical or methodolog-
ical diversity or both among studies and is to be expected.
Statistical heterogeneity suggests that the studies are not all
estimating the same quantity (18). Higgins (76) states that it
would be surprising if multiple studies, performed by different
teams in different places with different methods, all ended up
estimating the same underlying parameter. The challenge is to
decide on the most appropriate way to analyse heterogeneous
studies. It may involve a random-effects meta-analysis that
allows the study outcomes to vary in a normal distribution
between studies. For this, a large data set is needed, which
was the case in this review. Plaque score reductions as per-
centages are used in this review as the main outcome for the
analysis. This approach involved a comprehensive assessment
of efficacy as it allowed for a weighted mean analysis that was
inclusive for many more studies than an approach based on
mean plaque scores could have been. The results of this sys-
tematic review show that on average, approximately 42% (21)
(95% CI: 41.23; 42.03) plaque score reduction is achieved fol-
lowing a brushing exercise (Table la). The results show that
depending on the brush head configuration, a mean plaque
score reduction of 24-61% can be expected (Table lb).

Toothbrush manufacturers have taken great effort in consid-
ering many different aspects when designing new models to
meet the challenge of enhancing plaque biofilm removal
through improved toothbrushing efficacy. Few toothbrush
manufacturers have also taken the effort to evaluate tooth-
brush efficacy. Product design changes can yield genuinely
improved performance characteristics (63). A major shortcom-
ing of conventional flat-trim toothbrushes has been a 'blocking
effect' of tight bristle tufts, preventing individual tufts from
reaching interproximal areas. Multilevel toothbrushes have
been developed with alternating rows of tall and shorter bristle

Table 2. Weighted mean difference and 95% confidence interval for those studies that provided a mean pre- and post-brushing
plaque score analysed by plaque index using a 'random-effects' model

WMD, weighted mean ditterence; Cl, contidence interval.

Index

Q&H (12-14)
NAVY (15, 16)

No. of experiments

52
71

WMD (random)

0.86
0.30

Test tor overal

95% Cl

0.57; 1.15
0.27: 0.33

ettect

P-value

<0.00001
<0.00001

Test tor heterogeneity

P-value F (%)

<0.00001 99
<0.00001 99
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tufts acting independently, uninflueneed by adjacent bristles
during brushing. Once independent motion is achieved, the
longer bristles ean effectively reaeh farther between the teeth
(77). The results of the present review (Table 1) indicate that
depending on the plaque index used, a 7% [Navy index (15)]
to 9% [Q&H index (12)] improvement in effieaey can be
achieved with a multilevel bristle tuft configuration as com-
pared to the traditional fiat trim.

The most recent development of angled rather than vertieal
bristle tuft arrangements appears to have made a signifieant
eontribution with respect to approximal plaque removal. Clini-
eal studies have consistently demonstrated that a brush with
an angled bristle tuft configuration is significantly more effec-
tive (8, 43, 78). Results (Table 1) show that depending on pla-
que index used, a 12% [Q&H index (12)] to 15% [Navy index
(15)] improvement in efficacy can be achieved with this partic-
ular bristle tuft configuration as compared to a flat-trimmed
design. This angulation appears to be an efficient novelty of
brush head design, which is substantiated based on the results
of the present review (79).

One classical study that particularly looked at the remaining
plaque score was the study of Axelsson et al. (8), which
reported on the 30-year outcome of preventive dental treat-
ment in a group of earefully monitored participants. These par-
ticipants were encouraged on a regular basis, but also enjoyed
and recognized the benefit of maintaining a high standard of
oral hygiene. The ineidenee of caries and periodontal disease
as well as tooth mortality in this participant sample was very
small. The overall plaque scores in this population were low
(<20%), although it cannot be assumed that this was done by
mechanical plaque removal by partieipants and the outeomes
are probably eonfounded by several other factors. Morris et al.
(80) reported on the 1998 UK Adult Dental Health survey and
observed that the mean proportion of teeth with plaque depos-
its ranged from 30% to 44% after brushing. Although individ-
ual plaque levels vary widely, they seem to be fairly consistent
over time with low variation (81).

One other interesting aspect from this analysis is that the esti-
mated magnitude of the effect size of toothbrushing appears to
be dependent on the plaque index score used to assess the mag-
nitude of the effect (Tables la and 2). The measurement qual-
ity at issue here is the ability to detect change where change
really exists. This 'responsiveness' is partly a funetion of ease of
use and interexamination reliability. Differences between the
two indices probably reflect these factors as well as the sensitiv-
ity and preeision of the index to differences in plaque scores

that are influenced by toothbrushes. The Navy plaque index
(15) and the Q&H plaque index (12) and their modifications are
the two indices most commonly used for assessing plaque
removal effieaey with a toothbrush. Although these indiees score
plaque in different ways, there appears to be a strong eorrelation
between them (30, 34). The Q&H plaque index (12) empha-
sizes the differences in plaque aeeumulation in the gingival
third of the tooth and tends to overscore the incisai half of the
crown, at the expense of the gingival margin. The Navy plaque
index (15) gives greater weight to plaque in the immediate
gingival area (82).

The scores with both indices are descriptive. They do not
represent a strietly linear scale but are aseending in severity.
Score 0 is given when no plaque is found. Higher scores are
assigned in aseending order eorresponding roughly to inereas-
ing areas of tooth surfaces eovered by plaque (83). Because
plaque is colourless, it is usually visualized by staining prior to
scoring. Plaque is then defined, in an operational sense, as
'stainable material' (84). For each index, various components
are seleeted which most accurately reflect that portion of the
soft aecumulations which can be elinieally related to the health
of the periodontium (85). Ultimately, a reduetion in plaque
index scores should be followed by a reduction in gingival
inflammation (16). This review does not allow the authors to
draw any conclusion concerning the relevance or validation of
a particular plaque index. As compared to the Q&H plaque
index, the Navy Index (15) resulted in a larger difference
between pre- and post-brushing scores (Table 1). Irrespective
of the index used for assessing plaque scores [Q&H (12) and
Navy (15)], it appears that there is room for improvement in
the efficacy of manual toothbrushes in their capability of
reducing plaque score during a brushing exereise.

Two studies used both these indiees to assess the efficacy of
their brushes under investigation. Table 3 shows the outcome
of the studies relative to the plaque index. It is apparent that
the Biesbrock et al.\ (30) study refleets what is also evident
from the weighted mean results shown in Table 1, - a lower
estimate of efficacy when assessing plaque according to the
Q&H index (12). As an explanation, these authors state that
the two different examiners for either index probably judged
the amount of plaque to a different extent. This could be fea-
sible, as the Cugini et al.'s (34) study used the same examiner
for both indices and did not find a differenee. However, it
leaves the reviewers puzzled as to why, given that in the pres-
ent review large numbers of participants were scored for both
indices by various examiners, the estimate with the Q&H

Table 3. The two studies that assessed the effect of a single brushing exercise with two different plaque indices

Author Brush Q&H(12)(%) Navy (15) (%)

Cugini et al. (34)

Biesbrock et al. (30)

Oral-B cross action
Colgate navigator
Oral-B exceed
Colgate 360°

56
46
28
24

57
46
40
37

Q&H, Quigley and Hein plaque index 1962 (12); Navy, Navy piaque index 1972 (15).
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index (12) on average was well under the 50%. A comparison
between the Q&H scores and the percentage of plaque cover-
ing the tooth surface area revealed that for each score of the
Q&H index, the corresponding values for the plaque area were
wide in range with significant crossover values. However, a
strongly positive correlation was found between the Q&H
score and the percentage of plaque area (81). In future studies,
there clearly is a need to address the issue of whether the
plaque index scores are true clinically relevant representative
of the amount of plaque on the tooth surface.

Brushing exercise studies are commonly used for toothbrush
evaluations (86). This model provides a useful indication of the
plaque removal ability of a toothbrush and facilitates the control
of confounding variables such as compliance (25). The approach
is recommended for assessment under ideal conditions in which
all participants comply with the use of the device to which they
are randomly assigned (87). However, they do not replace the
need for longer-duration studies where participants brush at
home (88). Although data from brushing exercise studies can be
regarded as providing limited information, a toothbrush that
removes more plaque as assessed following a single-use brush-
ing might be expected to offer improved plaque control over
time and, as a result, have long-term benefits for gingival health
(89, 90, 91). In fact, plaque removal results obtained in these
studies have been shown in several cases to be in agreement
with longer-term measures of plaque removal effectiveness and
improvements in gingival health (22, 30, 33, 38).

Longer-duration studies will be more naturalistic as repre-
sentative for a home-use evaluation.

Limitations of this review

• This systematic analysis does not incorporate data from
manufacturers that chose not to publish full manuscripts
but present data at scientific meetings. In the light of the
many manufacturers that are producing toothbrushes world-
wide, it is an impossible task to gather this information. If
not all are contacted, a bias would be introduced. It was
therefore decided a priori to restrict this review to pub-
lished papers only.

• Another limitation may be the restriction to the English
language. It is conceivable that authors are more likely to
report in an international, English-language journal if
results are positive, whereas negative findings are published
in a local journal. While the potential impact of studies
published in languages other than English in a meta-analy-
sis may be minimal, it is difficult to predict in which cases
this exclusion may bias a systematic review (20).

• In total, 32 studies reported that participants had no peri-
odontitis. Of the remaining 27 studies, the periodontal sta-
tus is not reported. It is known that more severe levels of
periodontal disease do not respond well to manual brushing
alone. In lack of this information, an unknown heterogene-
ity might have been introduced.

• Blinding of the examiners to the toothbrush is feasible;
however, blinding to the timing of the examination (before

or after) brushing deserves special attention. None of the
studies have reported on this particular aspect.

• The efficacy of toothbrushing can be expressed as the pla-
que score or percentage of plaque covering the tooth sur-
face. These two outcomes are different. One needs to
distinguish between 'percentage points' as the absolute dif-
ference between the percentage of plaque covering the
tooth surface pre- and post-brushing, and the 'percentage
change' as the relative difference between the average
pre- and post-brushing plaque scores. When discussing
differences between outcomes, the weighted mean as
calculated in this review is this relative change in plaque
scores. One may question the construct validity of the
plaque index scores. Do they actually measure the 'amount
of plaque' on a tooth surface? On the other hand, experi-
ments have revealed a relationship between the construct
(plaque indices) and the disease (gingivitis) (2).

• In the weighted mean, all manual toothbrushes were
included irrespective of whether they were flat, multilevel
or angled. In a subanalysis, the weighted mean for each
design has been separated. As not all of the selected studies
had the different types of toothbrushes, this subanalysis is
not suitable for a direct comparison but only allows for an
indication of the numerical difference.

Conclusion

The efficacy of plaque removal following a brushing exercise is
a reduction from baseline in plaque scores of 42% on average,
with a range of 30-53% dependent on the plaque index used.
The available evidence indicates that bristle tuft arrangement
(flat trim, multilevel, angled) and brushing duration are factors
that contribute to this variation in observed efficacy.

Chnical relevance

Scientific background

Toothbrushing is generally accepted as the most efficient oral
hygiene method of cleaning one's teeth.

Rationaie

What currently is lacking is a systematic review that, through
the process of systematically locating, appraising and synthesiz-
ing evidence from individual trials, provides a reliable overview.

Gênerai findings

The overall treatment effect of a brushing exercise is
estimated as a 42% reduction in plaque index scores from
baseline. Depending on the plaque index score used, on aver-
age, plaque scores dropped 30-53%. Subanalysis of the efficacy
in relation to brush head configurations and brushing duration
shows a numerical advantage of multilevel and angled designs
relative to fiat trim.
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Practical implications

Brushes with multilevel and angled brush head tuft configura-
tion seem to have the potential to be more efficient than flat-
trim toothbrushes. Also, if the brushing time is increased, the
efficacy appears to be higher.
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