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Abstract
Aim: To establish the effect of a single-brushing exercise on dental plaque removal 
using an oscillating-rotating power toothbrush (OR-PTB) as compared to a high-fre-
quency sonic power toothbrush (HFS-PTB).
Materials and Methods: The MEDLINE-PubMed and Cochrane-CENTRAL databases 
were searched up to September 2019. The inclusion criteria contained (randomized) 
controlled clinical trials involving healthy adult participants brushing with an OR-PTB 
as compared to an HFS-PTB. Plaque index (PI) scores were evaluated after a single-
brushing exercise.
Results: A total of 15 publications were included, representing 34 comparisons, of 
which 8 were professional brushing exercises and 26 participant brushing exercises. 
The potential risk of bias was estimated to be low. In the overall descriptive analysis 
of 34 comparisons, 19 comparisons showed a statistically significant difference in 
favour of the OR-PTB and 4 in favour of the HFS-PTB. The meta-analysis using the 
professional brushing study design showed a significant difference of means (DiffM) 
in favour of the OR-PTB (PI score) (DiffM 0.19; P < .0001) (95% CI [013; 0.25]). In 
those studies where the participants brushed themselves, the data were inconclusive. 
PI scores showed no difference between the two brushes (P = .15), while one plaque 
index (the Rustogi Modified Navy plaque index) indicated significant favour for the 
OR-PTB (DiffM 0.06; P = .002) (95% CI [0.02; 0.09]).
Conclusion: Based on the estimated evidence profile, there is moderate certainty of 
evidence of a very small but significant beneficial effect on plaque removal after a 
single-brushing exercise with the OR-PTB over the HFS-PTB.
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1  |  INTRODUC TION

Dental plaque biofilm-induced gingival inflammation is defined 
as “an inflammatory lesion resulting from interactions between 
the dental plaque biofilm and the host's immune-inflammatory re-
sponse.”1 Management of gingival inflammation is both a primary 
prevention strategy for periodontitis and a secondary prevention 
strategy for recurrent periodontitis. Prevention has become the cor-
nerstone of the modern dental practice, and plaque control through 
effective personal oral hygiene is the key to preventive dentistry.2 
Therefore, professional oral hygiene instruction results in reduc-
ing dental plaque and gingival inflammation. Toothbrushing is uni-
versally recommended as a primary means of personal oral care.2 
Effective removal of plaque from the tooth surfaces by brushing is 
well known to have a significant impact on the prevention of oral dis-
eases.3 However, the effect of toothbrushing depends on a number 
of factors, including motivation, understanding and manual dexter-
ity. Different types of toothbrushes are available and can be dis-
tinguished between manual (MTB) and power (PTB) toothbrushes. 
When the electric toothbrush was introduced, it had at a brush head 
comparable to a regular MTB capable of a variety of motions and 
driven by a power source. Over time, new technologies have im-
proved their efficacy, and PTBs have become established as a valu-
able alternative to a manual toothbrush (MTBs).4 Since the 1990s, 
PTBs have become a common household device for oral hygiene5 
in Western society. Due to their cleaning performance and us-
er-friendly practicability, PTBs are becoming more and more widely 
distributed.6

A previously published systematic review has determined the ef-
ficacy of plaque removal following a single-brushing exercise using a 
PTB7 to be on average 46%. The available evidence indicated that the 
power supply was a rechargeable or replaceable battery. The modes 
of action, as well as brushing duration and type of instructions, were 
factors which contributed to the variation in the observed efficacy.7 
A more recent systematic review evaluated direct comparisons of 
MTBs vs PTBs in single-brushing exercises and showed that there is 
a moderate certainty that the PTB was more effective independent 
of the plaque index score used.8

A recently published study assessed the 11-year longitudinal ef-
fects of PTBs on periodontal clinical parameters in an adult popula-
tion.9 Over the longer term, significant benefits were seen in both 
mild and moderate periodontitis for PTBs as compared to MTBs. 
However, there was no differentiation 12 and based on the PTB 
mode of action, for instance oscillating-rotating power toothbrushes 
(OR-PTB) or high-frequency sonic power toothbrushes (HFS-PTB). 
From the sub-analysis in the recent systematic review,8 it appeared 
that both OR-PTB and HFS-PTB modes of action are more effective 
than MTB. These two PTBs are globally the most frequently sold 
and researched PTBs. A direct comparison concerning the efficacy 
of plaque removal by these PTB systems is of interest and often 
discussed. A Cochrane systematic review from almost a decade ago 
evaluated the direct comparison between the different modes of ac-
tion of PTBs for plaque reduction, as well as the health condition of 

the tissue surrounding the teeth.10 No definitive conclusions could 
be drawn regarding the superiority of one type over another. The au-
thors found some evidence that OR-PTBs reduce plaque and gingivitis  
more than HFS-PTBs in the short term. However, this difference was 
small, and the clinical importance is unclear.10

Recently, two systematic reviews11,12 have been published on 
the effect of PTBs with an OR vs a HFS mode of action. However, 
one review was based on data published from 2007 to 2017 and 
limited to RCTs involving OR toothbrushes from a single manufac-
turer.11 The other review only included RCTs published from January 
2009 through March 2019.12 Currently, no systematic review has in-
cluded data from the days of the development of the PTBs till the 
present, which prompted the need for a systematic review of the 
literature to evaluate the effect of single brushing studies of PTBs 
with an OR-PTB vs an HFS-PTB mode of action on plaque removal.

2  |  MATERIAL S AND METHODS

This systematic review and meta-analysis were prepared and re-
ported in accordance with the Cochrane Handbook for Systematic 
Reviews of Interventions, which provides guidance for the prepa-
rations. In addition, the guidelines of Transparent Reporting of 
Systematic Reviews and Meta-analyses13-15 and Assessing the 
Methodology Quality of Systematic Reviews16,17 were followed. 
The protocol for this systematic review was developed “a priori” and 
registered with the International Prospective Register of Systematic 
reviews18 under registration number CRD42020160957.

2.1  |  Focused question

What is the effect of an OR-PTB as compared to a HFS-PTB on 
dental plaque removal after a single-brushing exercise in healthy 
participants?

2.2  |  Search strategy

A structured search strategy was designed to include any relevant 
publications that evaluated the effect of the two PTBs on dental 
plaque removal after a single-brushing exercise in a direct compari-
son. For the comprehensive search strategy, electronic databases 
were queried to search for appropriate papers that satisfied the 
study purpose. The National Library of Medicine, Washington, DC 
(MEDLINE-PubMed), EMBASE and the Cochrane Central Register 
of Controlled Trials (CENTRAL) were used to detect appropriate 
publications. A systematic electronic search was conducted up to 
September 2019. The search strategy, including the employed search 
terms, is presented in Table 1. All references cited in the papers that 
were selected for this review were checked for additional studies. 
Hand searching was performed as part of the Cochrane Worldwide 
Hand Searching Program and uploaded to CENTRAL.
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2.3  |  Screening and selection

Titles and abstracts of studies obtained from the searches conducted 
were screened by two independent reviewers (NLHH and EVDS) using 
the Rayyan19,20 web application. Possible duplicates were indicated 
and checked by two reviewers to eliminate those that were identical. 
Disagreements in the screening and selection process were resolved 
by consensus or if a disagreement persisted, by arbitration through a 
third reviewer (DES). Titles and abstracts were read in detail to screen 
for suitability. The reviewers worked independently and were blinded 
from each other's results during the screening process. Titles and ab-
stracts were categorized as included, excluded or undecided. Once 
the list of included titles and abstracts was obtained, full-text versions 
were retrieved and screened for suitability. After the independent 
screening process, the search was unblinded, and the conflicts that 
were identified by Rayyan19 were resolved by the reviewers.

The eligibility criteria were as follows: 

• Publications written in the English language
• (Randomized) controlled clinical trials (CCT or RCT)
• Studies conducted in humans 

a. ≥18 years old
b. In good general health, which means no systemic disorders
c. Without orthodontic fixed appliances

• Intervention: a high-frequency sonic power toothbrush (HFS-PTB)
• Comparison: an oscillating-rotating power toothbrush (OR-PTB)
• single-brushing exercise (pre- and post-measurements)
• Brushed by the participant or by a professional
• Clinical evaluation parameter: plaque index scores

2.4  |  Heterogeneity assessment

The heterogeneity of the plaque index scores across studies was de-
tailed according to the following factors:

• Study design and participants’ characteristics
• Study procedures and study products
• Plaque indices and modifications

To evaluate methodological heterogeneity, the study design and 
toothbrushing regimens were evaluated. When clinical or meth-
odological heterogeneity was considered as high across studies, 
sources of heterogeneity were explored by performing subgroup 
analyses and sensitivity analyses.

2.5  |  Risk of bias assessment

Two reviewers (NLHH and DES) individually scored the methodo-
logical qualities of the included studies according to the method 
described by Van der Weijden et al (2009)4 and in further detail by 
Keukenmeester et al (2012).21 The study was classified as having an 

estimated low risk of bias when random allocation, defined eligibil-
ity criteria, masking of examiners, masking of patients, balanced ex-
perimental groups, identical treatment between groups (except for 
the intervention) and reporting of follow-up were present. When 
one of these seven criteria was missing, the study was considered 
to have an estimated moderate risk of bias.21 When two or more 
of these criteria were missing, the study was estimated to have a 
high risk of bias. Additionally, five ethical aspects were introduced 
to estimate the potential conflict of interest, for example reported 
funding or a declared (or absent) conflict of interest. The potential 
risk of bias was estimated, and the acquired evidence was graded. 
Disagreements in the quality assessments were resolved by con-
sensus or if disagreement persisted, by arbitration through a third 
reviewer (GAW).

2.6  |  Statistical analysis

2.6.1  |  Data extraction

The data from the publications that met the selection criteria were 
extracted and processed for further analysis. Two reviewers (EVDS 
and NLHH) evaluated the selected publications for mean baseline, 
end and difference scores, and standard deviation (SD). To ensure an 
accurate estimate, any data approximation in figures was avoided. 
Some of the studies provided a standard error (SE) of the mean. 
These values were converted to standard deviations (SD) based 
on the sample size (SE = SD/√N). Numbers with three digits were 
rounded to two digits. In the case of missing data or undetermined in-
formation, attempts were made to contact the first or corresponding 
author of the included publications for clarification or to retrieve ad-
ditional data. For studies that had multiple treatment arms and those 
in which data from the control group were compared with more than 
one other group, the number of participants (N) in the control group 
was divided by the number of comparisons. Disagreements in the 
data extraction were resolved by consensus or if disagreement per-
sisted, by arbitration through a third reviewer (DES) data extraction.

2.6.2  |  Data analysis

Descriptive analysis
The data were summarized and analysed using vote counting.22 A 
descriptive data presentation was used for the included studies to 

TA B L E  1  Search terms used for the search strategy

The following strategy was used in the search: {(intervention) AND 
(specification)}

{(<Intervention:>
Toothbrush* OR "Toothbrushing"[Mesh])
AND
(<specification:> power* OR electric*)}

Note: The asterisk (*) was used as a truncation symbol.
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give an overview of the results. The clinical parameter of interest 
was plaque index (PI).

Meta-analysis
When appropriate, a meta-analysis was performed, and the dif-
ference of means (DiffM) was calculated using an inverse variance 
method in Review Manager (RevMan [Computer program] Version 
5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014),23 with either the fixed or random effects 
model, as appropriate. For the analysis, the assumption was made 
that summary data were missing at random; thus, all available data 
were included. Data were separated per index being the Modified 
Silness and Löe plaque index,24-26 the Modified Quigley and Hein 
plaque index,27-29 and the Rustogi Modified Navy plaque index.30 
Subgroup analyses were performed based on professional brushing 
and participant brushing. Heterogeneity was tested using the chi-
square test and the I2 statistic.31 A chi-square test resulting in a P-
value < .1 was considered to be an indication of significant statistical 
heterogeneity. As an approximate guide for assessing the degree of 
inconsistency across studies, an I2 statistic of 0%-40% was inter-
preted as might not be important, a statistic of 40%-60%% as pos-
sibly representing moderate heterogeneity, 60%-80% as possibly 
representing substantial heterogeneity and 80%-100% as possibly 
representing considerable heterogeneity.32

Publication bias
If the meta-analysis comprised sufficient trials to make visual inspec-
tion of the plot meaningful (10 trials minimum), funnel plots were 
used as a formal detection for assessment of publication bias. The 
presence of asymmetry in the inverted funnel may suggest a sys-
tematic difference between large and small trials in their estimates 
of treatment effects as a potential bias.33

Additional analysis
Trial sequential analysis (TSA) is a cumulative random effects 
meta-analysis method that estimates a required information size 
(RIS) (ie required meta-analysis sample size) using the same frame-
work as sample size calculation for an individual RCT but addition-
ally accounting for heterogeneity and multiple comparisons when 
new RCTs are added. The Lan-DeMets version34 of the O’Brien-
Fleming function35 was used for calculating the trial sequential 
monitoring boundaries (TSMBs). TSA software version 0.9.5.10 Beta 
(Copenhagen Trial Unit) was used.36-39

Distribution-based methods were used in order to determine the 
clinical relevance of study results.40-44 Using the distribution-based 
method, the clinical relevance was scored as not clinically relevant, 
potentially clinically relevant or clinically relevant based on the re-
lationship among the mean difference of the variable, minimal im-
portant difference (MID) and effect size (ES).44 An effect size of 
0.20 (0.0-0.39) was interpreted as small, 0.50 (0.40-0.79) as medium 
and ≥0.80 as large. The MID was determined by multiplying the ef-
fect size of the difference between groups by the pooled baseline 
standard deviation of the two groups.40 The MID was calculated 

by multiplying either 0.2 or 0.5 with the pooled baseline standard 
deviation.42

2.7  |  Grading the body of evidence

The Grading of Recommendations Assessment, Development and 
Evaluation system, as proposed by the GRADE working group, was 
used to rank and grade the evidence emerging from this review.45,46 
Two reviewers (GAW and DES) rated the certainty of the evidence, 
as well as the strength and direction of the recommendations, ac-
cording to the following aspects: risk of bias of the individual studies, 
consistency and precision among the study outcomes, directness of 
the study results and detection of publication bias. Any disagree-
ment between the two reviewers was resolved after an additional 
discussion with the third reviewer (EVDS).

3  |  RESULTS

3.1  |  Search and selection results

Figure 1 shows the search and selection of the included publications. 
Out of the unique titles and abstracts, there were 14 conflicts (<2%) 
scored by the two reviewers. The comprehensive search of the da-
tabases resulted in 16 publications that were selected for full-text 
reading. Finally, 15 publications47-61 were selected that described 34 
comparisons.

3.2  |  Study characteristics and 
heterogeneity assessment

Considerable heterogeneity was observed in the 15 publications 
with respect to study design aspects, study population, number of 
participants, gender, age of participants, conflicts of interest and 
reported funding. Information regarding the study characteristics is 
displayed in detail in Appendix S1A and described in Appendix S1B. 
All included studies were RCTs. Nine experiments used a crossover 
design45,50-56 of which one45 had a split-mouth design, testing dif-
ferent brushing times in four quadrants. Eight experiments had a 
parallel design.45-49,57-59 The total study duration varied from single 
experiments (1-4 per study) to 6 months with several appointments 
assessing pre- and post-brushing plaque removal efficacy. The mean 
age of the total 1,303 participants was approximately 40, which var-
ied from 18 to 69 years.

3.3  |  Risk of bias assessment

To estimate the potential risk of bias of the included studies, the 
quality assessment aspects of internal validity, external validity 
and statistical validity, as well as clinical and ethical aspects, are 
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presented in the Appendix S2. The potential risk of bias is estimated 
to be low for all included studies. The ethical aspects are reported 
more often in the recent publications.

3.4  |  Results of study outcomes

The Appendix S3 shows the results from the data extraction of 
plaque index scores of the selected studies.

3.4.1  |  Descriptive analysis

Table 2A and B present the descriptive analysis of the 34 compari-
sons indicating either OR-PTB or HFS-PTB. Overall plaque removal 

in 19 comparisons was statistically, significantly different in favour 
of the OR-PTB (56%) as compared to the HFS-PTB. The sub-analysis 
based on professional brushing showed all but one comparison in 
favour of the OR-PTB (89%). When participants’ brushing exercises 
were analysed, 12 out of 26 comparisons were significantly in fa-
vour of the OR-PTB (46%) and 4 out of 26 in favour of the HFS-PTB 
(15%).

3.4.2  |  Meta-analysis

Overall
Table 3 presents an overview of the outcomes of the performed 
meta-analysis, which included 31 out of the 34 comparisons. The 
subsequent forest plots are displayed per index used and per 

F I G U R E  1  Search and selection results. OR-PTB= Oscillating-rotating power toothbrush; HFS-PTB= High-frequency sonic power 
toothbrush; MS&LPI= modified Silness and Löe plaque index; MQ&HPI= modified Quigley and Hein plaque index; RMNPI= Rustogi modified 
Navy plaque index
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subgroup in the Appendices S4-S6. The related funnel plot for the 
Rustogi Modified Navy plaque index30 (RMNPI) difference scores is 
presented in the Appendix S6D.

3.4.3  |  Subgroup analysis

Professional brushing
Table 3A shows the analysis from professional brushing evaluating 
the Modified Silness and Löe plaque index24-26 (MS&LPI). In total, 
eight comparisons from one publication were included.47 The end 
scores showed a significant effect in favour of the OR-PTB with a 
DiffM of 0.19 (95% CI [0.13; 0.25]; P < .0001). For details on profes-
sional brushing, see Appendices S4A,B.

Participant brushing
There was no significant difference regarding the end scores using 
the MS&LPI22-26 with a DiffM of 0.06 (95% CI [−0.02; 0.14]; P = .15) 
(see Table 3). For details on participant brushing, see Table 3A-C, and 
Appendix S4A, B, S5A,B, S6A,B.

For the Modified Quigley and Hein plaque index27-29 (MQ&HPI), 
the difference of means for baseline, end scores and incremental 
scores were not significant (95% CI [−0.07; 0.07] P = .93 and 95% 
CI [−0.03; 0.08] P = .32) (see Table 3B). Meta-analysis of those com-
parisons that evaluated plaque scores according to the RMN plaque 

index30 showed a significant difference of means in end scores 
(DiffM = 0.06 95% CI [0.02; 0.09] P < .002) and incremental scores 
(DiffM = 0.06 95% CI [0.04; 0.09] P < .00001) both in favour of the 
OR-PTB (see Table 3C).

Publication bias
The funnel plot was only possible for the RMN plaque index. 
Appendix S6D shows an asymmetry in the inverted funnel which 
suggests33,35 that publication bias is likely. The presence of asym-
metry may suggest a systematic difference between large and small 
trials in their estimates of treatment effects publication bias.31,33

3.5  |  Additional analysis

The related TSA graph per index is presented in Appendix S4C,D,E, 
S5D,E, and S6E,F. The TSA suggested that for the RMN plaque 
index, the statistical evidence was firm for this meta-analysis and 
shows that the effect was robust. Additional data will not likely alter 
the summary effect.

Evaluation of the clinical relevance of the results of the variable 
plaque indices was performed according to the distribution-based 
method using the effect size,62 minimal important difference 
(MID)42,45 and the clinical judgement.43 The statistical results of the 
clinical relevance assessments indicated that the difference between 

TA B L E  2 A  Descriptive summary of the comparisons (N = 8) and intervention indicating significances for the professional brushing

Experiments Comparisons

Authors (year) Intervention Plaque score reduction Comparison

Van der Weijden et al (1996-D1)45 HFS-PTB < OR-PTB D7
1-min brushing

HFS-PTB < OR-PTB D9
1-min brushing

HFS-PTB < OR-PTB D7
2-min brushing

HFS-PTB < OR-PTB D9
2-min brushing

HFS-PTB < OR-PTB D7
3-min brushing

HFS-PTB < OR-PTB D9
3-min brushing

HFS-PTB = OR-PTB D7
4-min brushing

HFS-PTB < OR-PTB D9
4-min brushing

Summary professional brushing 7/8 in favour of OR-PTB = 89%
0 in favour of HFS-PTB
1/8 no difference = 11%
0 unclear

Abbreviations: ?, unknown; <, significant difference in favour of the comparison (OR-PTB); =, no significant difference; >, significant difference in 
favour of the intervention (HFS-PTB); D1, duration study part I; D7 (type of brush), Plak Remover; D9 (type of brush), Plak Remover with EB9 brush 
head; HFS-PTB, high-frequency sonic power toothbrush; OR-PTB; oscillating-rotating power toothbrush.
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the OR-PTB and the HFS-PTB was potentially, clinically relevant (see 
Appendix S7). In total, 77% of the included experiments showed a 
potentially clinical relevance.

No (serious) adverse events were reported (see Appendix S9).

3.6  |  Evidence profile

Table 4 shows a summary of the various factors used to rate the qual-
ity and strength of evidence and the direction of recommendations 

TA B L E  2 B  Descriptive summary of the comparisons (N = 26) and intervention indicating significances for the participant brushing

Experiments Comparisons

#Authors (year) Intervention Plaque score reduction Comparison

Van der Weijden et al (1996-D2)45 HFS-PTB = OR-PTB D7
1-min brushing

HFS-PTB = OR-PTB D9
1-min brushing

HFS-PTB < OR-PTB D7
2-min brushing

HFS-PTB < OR-PTB D9
2-min brushing

HFS-PTB = OR-PTB D7
3-min brushing

HFS-PTB = OR-PTB D9
3-min brushing

HFS-PTB = OR-PTB D7
4-min brushing

HFS-PTB = OR-PTB D9
4-min brushing

Van der Weijden et al (1996-C1)46 HFS-PTB < OR-PTB

Robinson et al (1997)47 HFS-PTB ? OR-PTB

Yankell & Emling (1997)48 HFS-PTB ? OR-PTB

Sharma et al (1998)49 HFS-PTB < OR-PTB

Hanato et al (2005)50 HFS-PTB TST > OR-PTB

HFS-PTB CST > OR-PTB

Sharma et al (2005)51 HFS-PTB < OR-PTB PC

HFS-PTB < OR-PTB 3DE

Strate et al (2005)52 HFS-PTB < OR-PTB

Biesbrock et al (2007-1)53 HFS-PTB
Standard brush

< OR-PTB

Biesbrock et al (2007-2)53 HFS-PTB
Compact brush

< OR-PTB

Biesbrock et al (2008)54 HFS-PTB < OR-PTB

Putt et al (2008)55 HFS-PTB > OR-PTB

Williams et al (2008)56 HFS-PTB < OR-PTB

Goyal et al (2009)57 HFS-PTB < OR-PTB

Williams et al (2009)58 HFS-PTB = OR-PTB

Ayad et al (2012)59 HFS-PTB
Side to side

= OR-PTB

HFS-PTB Colgate > OR-PTB

Summary participant brushing 12/26 in favour OR-PTB = 46%
4/26 in favour of HFS-PTB = 15%
8/26 no difference = 31%
2/26 unclear = 8%

Abbreviations: ?, unknown; <, significant difference in favour of the comparison (OR-PTB); =, no significant difference; >, significant difference in 
favour of the intervention (HFS-PTB); 3DE, Professional Care which has been developed as an upgrade to the 3D Excel 3DE; C1, comparison study 
part I; D2, duration study part II; D7 (type of brush), Plak Remover; D9 (type of brush), Plak Remover with EB9 brush head; HFS-PTB, high-frequency 
sonic power toothbrush; OR-PTB, oscillating-rotating power toothbrush; PC, Professional Care 7000.
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according to GRADE,45,46 including the level of certainty.63 The 
magnitude of difference in effect of the OR-PTB as compared to the 
HFS-PTB was rated as “very small.” Based on the quality and body 
of evidence, the strength of the recommendation that emerges from 
this review is estimated to be moderate.

4  |  DISCUSSION

It has been shown that the use of a PTB is more effective than a 
MTB for plaque and gingivitis reduction.64,65 A recent evaluation of 
brushing studies also showed that a PTB is more effective than a 
MTB with respect to plaque removal.8 The aim of the present re-
view was to evaluate the effect of oscillating-rotating (OR-PTB) 
power toothbrushes as compared to high-frequency sonic (HFS-
PTB) power toothbrushes on dental plaque removal after a single-
brushing exercise. From this review, it can be concluded that there 
is moderate certainty of a very small difference in plaque removal 
after a single-brushing exercise between an OR-PTB vs an HFS-PTB. 
This is in line with the former findings of the Cochrane systematic 
review on different powered toothbrushes.10 These authors have 
concluded that there is some evidence that OR-PTBs reduce plaque 
and gingivitis more than side-to-side brushes in the short term. Two 
recent systematic reviews corroborate these findings. A subject-
level meta-analysis of studies up to 3 months provided support for 
the use of OR-PTB over HFS-PTB to improve plaque control and gin-
gival health.11 The other review provided some evidence that OR-
PTB might remove more plaque and reduce the number of bleedings 
sites better than other PTB, specifically, HSF-PTB.12 Taken all this 
evidence together, the recommendation from the present review is 
that when given a choice between an OR-PTB and an HFS-PTB, the 
OR-PTB should at first be considered. The recommendations that 
emerge from this review can help guide the dental care professional 
in providing evidence-based advice to their patients concerning PTB 
use.

4.1  |  Variables

Worldwide, a variety of PTBs are currently available in the market-
place5 (eg counter oscillation, circular, ultrasonic and multidimen-
sional). Apart from brush head movement, many other factors can 
influence the effectiveness on plaque removal, such as filament ar-
rangement and orientation, and brush head size and shape. Other 
user aspects, such as instruction method, technique of use and 
duration, can also contribute to the variation in the observed ef-
fect. The extracted data of the present systematic review did not 
allow for a further sub-analysis on any of these variables nor could 
a distinction be made based on the type of OR-PTB. The reason is 
that these details were often absent or insufficiently reported (see 
Table 1). To overcome this issue in future studies, it is suggested 
to use the Template for Intervention Description and Replication 
(TIDieR).66,67 The checklist and guide should improve the reporting 

of interventions and facilitate authors structuring accounts of their 
interventions. It should also benefit reviewers and editors assess-
ing the descriptions and readers using the information. The TIDieR 
checklist, however, was developed in 2014; while in the present 
systematic review, the most recent included study was published in 
2012 and therefore unfortunately did not benefit from this checklist.

4.2  |  Study design of interest

In the literature, there are different definitions of short-term stud-
ies regarding plaque removal. The earlier reviews on toothbrushes 
excluded single-use and clinician-supervised studies as these were 
not considered to be representative of everyday use.10,64 It has even 
been suggested that studies evaluating PTBs on the basis of a single 
brushing are particularly vulnerable to errors due to the novelty ef-
fect.68 In addition, toothbrush efficacy is shown to be more effective 
in single-use studies than conventional designs.69 single-brushing 
exercise studies are considered to provide limited information be-
cause they do not take into account the benefits of gingival health.69 
Nonetheless, this type of study design has been found to be very ap-
propriate for assessing plaque removal as it facilitates the control of 
confounding variables such as patient compliance.70 A single-brush-
ing exercise can be seen as a short-term study on the efficacy of 
plaque removal and considered as the proof of principal. Generally, 
observations of plaque removal efficacy in single-use brushing stud-
ies have proven to be relatively consistent with longer-term meas-
ures of plaque removal efficacy.71 Previously published systematic 
reviews have determined the efficacy, following single-brushing ex-
ercises, on plaque removal of a MTB72 and a PTB7 separately and 
also compared with each other.8 Obviously, this type of study design 
is a common design of interest for both researchers and clinicians.

4.3  |  Plaque score indexes

Difference in effect size and significance level was found between 
studies using different plaque scores (for details, see Table 3). An 
explanation for the result of different plaque score reductions in the 
present systematic review could be by the use of different plaque 
scores indexes. Both the Q&H index27-29 and the Navy30 plaque 
index assess plaque in a descriptive manner. The Q&H index is recom-
mended by Fischman (1986)73 for the evaluation of antiplaque pro-
cedures such as tooth brushing. This index emphasizes differences 
in plaque accumulation in the gingival third of the tooth, the most 
important region in relation to periodontal infections.74 However, 
the 1-unit reduction in the Q&H index (0-5)27-29 from 4 to 3 does not 
represent the same clinical effect as a reduction from 2 to 1.7 The 
Navy plaque index30 offers the advantage to emphasize approximal 
plaque score which makes this index very valuable in clinical prac-
tice. However, for plaque formation studies this index seems less 
suitable because of its low discriminating power and because it soon 
reaches a maximum score.74 The phenomenon that the effect size 
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with the Navy index30 is larger than with Q&H index27-29 has been 
observed in previous analysis. A systematic review that evaluated 
manual toothbrushes found plaque score reductions of 52% with the 
Navy index as compared to 30% with the Q&H index.72 Similarly, 
in a review concerning PTBs these figures were 65% and 36%, re-
spectively.7 The origin of the difference between both indices may 
in part be explained by the fact that the Q&H plaque index27-29 tends 
to overestimate the incisal half of the crown at the expense of the 
gingival margin. In contrast, the Navy plaque index30 gives greater 
weight to plaque along the gingival margin and approximal area.

Clear distinction has to be made between plaque index scores and 
percentage plaque scores. Both the Q&H index and the Navy index 
assess plaque in a descriptive manner; therefore, plaque index scores 
may reflect the actual amount of plaque in a more accurate way than 
percentages do. However, the 1-unit reduction on the Q&H index 
(0-5) from 4 to 3 does not represent the same clinical effect as a reduc-
tion from 2 to 1. Therefore, percentages may be a more appropriate 
way to report the efficacy of a brushing episode because the effect 
depends on the amount of plaque present prior to the brushing exer-
cise. The reader should be cautious when interpreting percentage out-
comes. One needs to clearly distinguish between ‘percentage point 
reduction’ as being the absolute difference between prebrushing and 
post-brushing percentage plaque scores as used in the present review, 
and the npercentage change reduction’ as the relative difference be-
tween the prebrushing and post-brushing plaque scores.

4.4  |  Bias

From the current descriptive analysis (Table 2A and B), professional 
brushing showed a positive effect in favour of the OR-PTB in 7 out of 
8 (89%) comparisons, while for participant brushing this was 12 out of 
26 (46%) in favour of the OR-PTB. The difference is illustrated in the 
meta-analysis of the MS&L plaque index,24-26 where for the profes-
sional brushers, there was a significant effect that was not confirmed 
in participant brushing (Table 3A). All included professional brushing 
exercises, however, originate from the same research group47,48 and 
may therefore introduce performance bias with an overestimation 
of the results. Conversely, in the professional brushing study design, 
the variable of the subject participating in the study will be avoided. 
Therefore, the potential ability of each toothbrush regarding plaque 
removing effectiveness can be studied without being biased or influ-
enced, for example, by manual dexterity or the brushing experience 
of the participant. The funnel plot of the meta-analysis as presented 
in Appendix S6D is suggestive of publication bias, as included stud-
ies are spread mostly at the top of the funnel with a lack of studies 
located at the bottom. Also funding publication bias may play a role 
as 10 studies report either sponsorship, funding or involvement of 
authors related to industry. However, the effect of funding source on 
publication bias is not clear, when trials that are just financially sup-
ported the responsibility for the conduct and reporting of the trial lies 
primarily with the research group.75 When a study is performed in an 
academic setting, the researchers need to comply with the university 

and national codes of ethics for research. Besides, if a trial is sup-
ported by industry or sponsored by industry, this sponsorship has 
been defined in good practice guidelines.75,76 As discussed above, dif-
ferent plaque score indexes may result in a different effect sizes.7,72 
As companies show a preference for a certain index, this may also in-
troduce a reporting bias. Seven of the nine studies with involvement 
of the OR-PTB Company used the Rustogi Modified Navy plaque 
index,30 whereas studies with involvement of the HFS-PTB Company 
toothbrush evaluated the PTBs with the Modified Quigley and Hein 
plaque index27-29 (see Appendix S11). The impact of this preference 
for a specific index on the outcome of the present review could not 
be substantiated but meta-analysis with the Modified Quigley and 
Hein plaque index29 does not show a difference between an OR-PTB 
and the HFS-PTB, whereas with the Rustogi Modified Navy plaque 
index30 a significant difference was observed. Therefore, a potential 
effect of the choice of plaque score index cannot be ruled out.

4.5  |  Ethical aspects

Including ethical aspects as an integral part of the quality assessment 
is under debate. The Cochrane Handbook14 states that measures of 
quality alone are often strongly associated with aspects that could in-
troduce bias. More focus is needed on the mechanisms that lead to 
bias. Cochrane presents examples of quality indicators that should not 
be assessed within this domain, including criteria related to applicabil-
ity, generalizability or external validity, and criteria related to preci-
sion, reporting standards and ethical aspects. These factors may be 
important and should be presented in the table of characteristics of in-
cluded studies. The present systematic review includes ethical aspects 
for the quality assessment, which are presented in the risk of bias table 
(see Appendix S2). However, these were not taken into consideration 
for the rating of the actual risk of bias as proposed by the Cochrane 
Handbook.14 There is considerable heterogeneity with respect to re-
porting ethical aspects of the included studies. Appendix S2 provides 
transparency regarding adherence to ICH guideline E6, good clinical 
practice. This guideline is an international ethical and scientific quality 
standard for designing, conducting, recording and reporting trials that 
involve the participation of human subjects. This was not commonly 
reported and thus deserves attention in future studies.

4.6  |  Limitation and recommendation

PTBs over the past decades have undergone technological improve-
ments.5 The original technologies of the oscillation-rotating move-
ments or sonic vibrations are the same, but the movements or sonic 
vibrations themselves have been optimized, as well as the brush 
head designs. Furthermore, digital software has been developed 
to optimize a patient's oral hygiene performance. This systematic 
review included publications dated from 1996, and the latest in-
cluded study dated from 2012.47-61 The developmental changes in 
the intermediate 16 years could not be evaluated as such but could 
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possibly affect the outcome. For future studies, the true impact of 
these specific novel digital features should be evaluated. Another 
limitation may be the use of only published research papers. The 
authors of this review did not have the resources to obtain data that 
are kept on file by the various power toothbrush manufacturers. 
This is known as the “file drawer,” a form of publication bias.

5  |  CONCLUSION

There is moderate certainty of evidence of a very small but signifi-
cant beneficial effect on plaque removal after a single-brushing ex-
ercise for the OR-PTB vs HFS-PTB.

6  |  CLINIC AL RELE VANCE

6.1  |  Scientific rationale for the study

A systematic synthesis of the available data concerning the di-
rect comparison of the two most commonly sold power tooth-
brush designs worldwide with respect to plaque removal is currently 
lacking.

6.2  |  Principal findings

Based on single-brushing exercises, there is a moderate certainty of 
a very small but significant difference in favour of the OR-PTB com-
pared with the HFS-PTB.

6.3  |  Practical Implications

Both types of power toothbrushes appear to be effective according 
to plaque score reduction. There is a moderate certainty in recom-
mending the OR-PTB over the HFS-PTB. However, the clinical rele-
vance of the observed very small difference needs to be established 
in longer-term studies.
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TA B L E  4  Estimated evidence profile appraisal of the strength of the recommendation and the direction regarding the single-use efficacy 
of oscillating-rotating compared with high-frequency power toothbrushes on dental plaque removal

Determinants of quality Plaque index score

Study design (Appendix S1A,B) RCTs crossover and parallel designs

#studies N = 15
#experiments N = 17
#comparisons N = 34 (Figure 1)

34

Risk of bias (Appendix S2) Low

Consistency (Tables 2 and 3) Rather inconsistent

Directness (single-brushing exercise) Rather generalizable

Precision (Table 3) Precise

Reporting bias (Appendix S6D) Possible to likely

Magnitude of the effect (Table 3) Very small

Strength of the recommendation based on the quality and body of 
evidence

Moderate

Direction of recommendation There is moderate certainty of evidence of a very small but 
significant beneficial effect with the OR-PTB over the HFS-PTB. 
However, there is uncertainty that the clinical impact of this in 
long term is beneficial.

Abbreviations: HFS-PTB, high-frequency sonic power toothbrush; OR-PTB, oscillating-rotating power toothbrush.
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