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General Introduction

1.1 Global Oral Health
Oral health is considered an important aspect of general health, well-being and 
quality of life.1,2 The Global Burden of Disease Study 2017 estimated that oral 
diseases affect 3.5 billion people worldwide2,3, which is effectively a half of the 
world population. Thus, they are among the most prevalent diseases world- 
wide, with an estimated 796 million individuals with severe periodontitis.4 Oral 
diseases may have a serious impact on health, greatly reducing the quality of 
life, and lead to economic burdens for those affected.5,6,7 Apart from the most 
prevalent and consequential oral diseases such as dental caries and periodon-
tal disease, tooth loss, cancer of the lips and oral cavity, oral manifestations of 
HIV infection, oro-dental trauma, noma (cancrum oris) and birth defects such as 
cleft lip and palate are commonly seen.1,2,6  

1.1.1  Noncommunicable Diseases and Oral Disease
Noncommunicable Diseases (NCDs) are known to be chronic diseases which tend 
to persist for a long time and are the result of a combination of genetic, physio- 
logical, environmental and behavioural factors.2 They are not directly trans- 
missible from one person to another.2 Oral diseases and NCDs share risk factors 
such as high sugar consumption and tobacco consumption. Globally, the ne-
cessity to integrate strategies on the promotion, prevention and treatment of 
general health and oral health into overall NCD policies is growing.2,3,6,8,9 Oral di-
seases remain a public health challenge, and social inequalities exist in oral con-
ditions. A systematic analysis of the global burden of oral diseases, taking into 
account data over 27 years, showed that economically developed countries have 
the lowest burden of untreated caries and periodontal disease.4 While the bur-
den of oral diseases has decreased in more economically developed countries, it 
has increased in less economically developed countries, suggesting that the gap  
between these groups of countries will widen.4

1.1.2  Global Strategy on Oral Health
Oral health is defined as the well-being of the mouth, encompassing many  
essential functions, including breathing, eating, speaking, and smiling.10 Accor-
ding to the World Health Organization (WHO), every individual should have 
access to essential, quality health services that respond to their needs and which 
they can use without suffering financial hardship. These include oral health  
promotion and prevention, treatment and rehabilitation interventions related 
to oral diseases and conditions across the life course.10  WHO is developing a 
global strategy and an action plan for public oral health containing a frame-
work for tracking progress with measurable targets to be achieved by 2030.10 
It will include control of tobacco and alcohol use but also community dentistry, 
health promotion and education, prevention and basic curative care, to provide 
a basis for a healthy mouth, where no one is left behind. This action plan should 
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1also include the use of provisions that modern digital technology offers in the 
field of telemedicine and teledentistry.8 The umbrella organisations of Dental 
Care Professional Associations, the FDI (World Dental Federation)11, the IFDH 
(International Federation of Dental Hygienists)12 and also the IADR (Internatio-
nal Association of Dental Research)13, committedly support this global strategy.

1.1.3 Oral Health-Dedicated Awareness Days and Weeks 
To increase public awareness of the needs and benefits of a good dentition 
and a healthy mouth2,8, different public projects have already been initiated. 
The best known is the World Oral Health Day14, (an initiative of FDI, held an-
nually on the 20th of March). The campaign provides an ideal platform to em-
power people with knowledge, tools and confidence to improve oral health. It 
relies on thoughtfully coordinated efforts at local, national, and global levels.  
Organisations of dental care professionals (DCPs)13 should therefore encoura-
ge dental care professionals to use their local expertise to create awareness  
concerning dental and oral health in their community.14,15 Another example 
is the Gum Health Day organised yearly on the 12th of May by the European  
Federation of Periodontology.16 The aim of organising this day is to increase  
public awareness of the seriousness of periodontal diseases, health problems 
associated with them and the importance of keeping the periodontium healt-
hy throughout life.16 Some more examples are the National Children’s Dental 
Health Month in February17 and the Oral Health Month in June18 organised by the  
American Dental Association (ADA). In the USA, The Oral Cancer Foundation  
have initiated an Awareness Month in April19, and there is even a Pet Dental  
Health Month in February to remind pet owners that, although their pets do not 
carry a toothbrush around, their teeth may need special attention.20 In the United 
Kingdom, a National Smile Month is organised by the Oral Health Foundation21,  
and the Dutch Dental Hygienist Association initiated a week of dental hygienists22 
in 2013. In general, all these initiatives aim to raise awareness of the importance  
of maintaining good oral health and to promote brushing teeth for 2 min with a  
fluoride toothpaste, cleaning between the teeth every day, lowering the  
consumption of sugary foods and drinks and visiting a dental care professional 
on a regular basis.

1.2 Dental Caries and Plaque
Dental caries and periodontal diseases (gingivitis and periodontitis) are the main 
causes of tooth loss. The present state of knowledge suggests that the aetiolo-
gies of caries and periodontal diseases are mutually independent. Nonetheless, 
it remains unclear whether elements of innate immunity are common to both 
types of infections or whether they are coincidental.23 Progression of dental 
caries and periodontal disease is driven by multiple stressors.23  Both diseases 
are related to the dental plaque biofilm, which consists of a collection of micro- 
organisms.24,25 The dental biofilm is considered to be the major aetiological 
factor for the development of dental caries and periodontal diseases.23,24,25,26  
Dysbiosis in the dental biofilm is associated with an inappropriate and destruc-
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tive host inflammatory immune response and is the key element in the patho-
genesis of periodontal diseases.23,25,27 Moreover, microbial acids from the dental 
biofilm, which erode the enamel and dentin of the tooth, penetrate the tooth 
pulp, which may result in dental caries. Untreated plaque which mineralizes 
results in calculus deposits (tartar), which – with microorganisms attaching to 
it – induces gingival inflammation.26 

1.2.1  Gingivitis and Periodontitis
Similar to tooth decay, periodontal disease may lead to tooth loss.28 Gingivitis, 
the first stage of periodontal disease29, is defined by the presence of gingival 
inflammation, as assessed by bleeding upon pocket probing and absence of de-
tectable attachment loss.30 Periodontitis is characterized by progressive destruc-
tion of the tooth-supporting structures. The loss of periodontal tissue support 
can be seen as clinical attachment loss, the presence of periodontal pocketing, 
gingival bleeding and radiographic alveolar bone loss.31 Severe periodontitis re-
presents a considerable public health concern because it is the sixth most pre-
valent human disease affecting over 11% of adults, causing systemic inflam-
matory consequences.4,6,25 The prevalence of milder forms of periodontitis may 
be as high as 50%.32 Although gingivitis does not progress to periodontitis in 
all patients, controlling gingivitis is the first strategy in periodontitis preventi-
on.25 Periodontal treatment consists of supragingival and subgingival removal 
of bacterial plaque, biofilm and calculus. For long-term success of periodontal 
treatment, good oral hygiene performance, daily plaque removal and patient 
cooperation are necessary.25,33,34 A long-term study (30 years) on a strictly mo-
nitored and evaluated group of patients in general practice showed that only 
a few teeth were lost because of progressive periodontitis or caries. The most 
frequently lost teeth were maxillary and mandibular molars and premolars.35 
Data from a periodontal practice indicate that tooth loss is dependent on tooth 
type, furcation involvement and severity of periodontal disease at intake.36 In 
a retrospective study, the mean number of teeth lost was 2.6 during a 10-year 
follow-up of supportive periodontal treatment.37 

1.3 Oral Hygiene 
Another important finding reported by the 30-year long study was that  
regular preventive dental treatment including motivation and re-instruction 
in oral hygiene demonstrate a benefit of maintaining a high standard of oral  
hygiene.33,34,35,38 Achieving good oral hygiene often needs a behavioral change 
in patients to improve the level of self-performed, daily oral hygiene.39 Both 
the European Federation of Periodontology and the American Dental Associa-
tion recommend that people should brush their teeth twice a day for at least  
2 min using a fluoride-containing toothpaste in addition to a thorough, daily 
interdental cleaning.25,40 Although toothbrushing removes biofilm from the  
buccal, oral, and occlusal surfaces, it does not efficiently reach into the interdental  
areas.41,42  Nowadays, several interdental cleaning devices are available for indi-
vidual needs.42 For these simple recommendations to be effective, they can be 
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1customized and tailored per patient by DCP according to the patients’ specific 
needs using an evidence-based approach.42,43  However, a lack of translation of 
relevant scientific evidence into information that is useful for DCPs and patients 
results in an inconsistency between what is known and what is practiced.43 

1.3.1  Mechanical Plaque Removal
The primary means of oral biofilm control is through mechanical action.42,44   
There are several approaches to remove bacterial plaque from teeth, but 
the use of a toothbrush is considered the most effective.35,45,46 It is possible to  
distinguish between two main types of toothbrushes. A manual toothbrush 
(MTB) is a relatively simple, widely used device which is affordable for most  
people.47 Powered toothbrushes (PTBs) are commonly available in Western  
countries. While early electric toothbrushes were essentially mechanized versions 
of manual toothbrushes48, over the years, the efficacy of powered toothbrushes 
has increased. Changes in design such as improved brush head architecture,  
filament arrangement49,50, motion speed51 and compliance-enhancing features 
have increased their plaque removal efficacy.52 Currently, the two most com-
mon PTB brush head configurations and modes of action commercially available 
on the global market are the oscillating-rotating (OR) PTB and high-frequency  
sonic (HFS) PTB.53 
A review of more than 10,000 brushing exercises showed that an average  
plaque score reduction of 42% can be expected following brushing with an 
MTB.54 A similar review53 that assessed PTBs found an average plaque score  
reduction of 46%. In general, studies that have evaluated the efficacy of MTBs 
and PTBs conclude that PTBs are more effective than MTBs in reducing dental 
plaque, gingivitis and bleeding.55 For gingivitis patients rechargeable PTBs are 
preferable over MTBs.25,53,56 However, in periodontitis maintenance patients, no 
evidence was found in support of a difference between MTBs and PTBs.43 
Interdental cleaning plays a vital role in optimising gingival health and  
preventing oral disease.57 It requires interdental cleaning devices that can easily 
penetrate between adjacent teeth.42,57,58 The most commonly available and used 
tools are dental floss59,60, woodsticks61, oral irrigators62 and interdental brushes 
(IDBs).63,64 All devices for interdental self-care support the management of  
gingivitis to a varying extent.65 For instance, with respect to flossing, there is 
lack of evidence to support effective plaque removal. Evidence suggests that 
interdental cleaning with IDBs is the most effective method for interdental  
plaque removal66, followed by oral irrigators.67 

1.3.2  Chemical Plaque Removal
If patients are unable to achieve sufficient plaque removal by mechanical oral 
hygiene practices, for example, in hard-to-reach areas or because of inadequate 
skills, poor motivation and lack of compliance, the adjunctive use of an anti-
septic agent may be justified.58,68 Mouthwashes (MWs) are an ideal vehicle to 
incorporate in chemotherapeutic agents and are appreciated by the public be-
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cause of their ease of use. With respect to antiplaque and anti-gingivitis effects, 
evidence suggests that MWs containing chlorhexidine (CHX) are the first choice 
to combat biofilms at supragingival and oral mucosal sites.69,70,71,72,73,74,75  CHX 
can suppresses and inhibits certain microorganisms76 and is the most thoroughly 
studied chemotherapeutic agent in oral care.

1.4 Research statement
The purpose of this thesis was to investigate aspects of periodontal disease pre-
vention through the assessment of oral hygiene instructions, toothbrushes and 
mouthwashes. The efficacy of toothbrushes and mouthwashes is assessed using 
dental plaque scores, the clinical parameters of gingivitis and discoloration  
scores. It is examined which instructions are provided by DCPs to their patients 
and which instructions should be provided on the basis of the present findings. 
In terms of research design, systematic reviews, a retrospective analysis and a 
website analysis were used. 

The following research questions are addressed in this thesis:

Chapter 2 
What is the advice and information about toothbrushing available on websites
of professional dental care associations in English-speaking countries?

Chapter 3     
What are the changes in oral hygiene behavior after non-surgical periodontal
therapy? In addition, what is the relationship between oral hygiene behavior
and changes in gingival inflammation? 

Chapter 4   
Based on single brushing exercises what is the effect of a powered toothbrush
as compared to a manual toothbrush on plaque removal?

Chapter 5        
What is the effect of using a sodium lauryl sulphate dentifrice and a 
chlorhexidine mouthwash on the parameters of plaque and gingivitis?

Chapter 6       
What is the effect of the adjunct of sodium fluoride to a chlorhexidine 
mouthwash on the parameters of plaque, gingivitis and discoloration?

Most of the chapters in this thesis have already been published in scientific  
dental journals. Because some of the studies concern similar topics, there are  
inevitable overlaps between the chapters. For editorial reasons, the chapters in 
this thesis are not arranged chronologically. 
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Abstract

Aim: 
This study aimed to assess the online advice and information about toothbrushing 
provided by professional dental care associations (PDCAs) in English-speaking 
countries.

Material and Methods:
PDCAs are national organizations of dentists and dental hygienists. A cross- 
sectional internet search for information published until July 2021 was per- 
formed. First, it was assessed whether there was a PDCA in English-speaking 
countries. A distinction was made between dentist associations (DAs) and  
dental hygienist associations (DHAs). In case a website was available, it was  
assessed whether toothbrushing advice was provided. Recommendations regar-
ding a brushing technique, advice and instruction about the type of toothbrush, 
type of bristles, duration of brushing, time of changing the toothbrush, the use 
of toothpaste and interdental cleaning devices were gathered and summarized.

Results: 
In total, 56 English-speaking countries were considered, of which 52 had a DA 
and 15 had a DHA, the majority of which had a working website. In total, 35% 
of the PDCAs, that is, 16 DAs and 7 DHAs, provided advice and information 
on toothbrushing and recommended twice daily manual toothbrushing with a 
fluoride toothpaste. Generally, a toothbrushing duration of 2 min (n=20) and 
the (modified) Bass toothbrushing technique (n=9) were advised. Nine PDCAs 
recommended the use of a powered toothbrush as well, and 21 recommended 
the daily use of floss. Nine PDCAs also recommended the use of an interdental 
brush.

Conclusion: 
In total, 35% of the PDCAs with a website provided advice and/or information 
on toothbrushing. Although no consensus was found and significant hetero-
geneity was observed in the instructions related to toothbrushing and tooth-
brushing technique, all PDCAs recommended twice daily brushing with a manu-
al toothbrush and fluoride toothpaste. With respect to other recommendations 
on basic oral self-care, there appears to be a need for alignment.
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21. Introduction

Periodontal diseases and dental caries are among the most common diseases in 
humans and the main causes of tooth loss. Patient cooperation in daily plaque 
removal is critical, as plaque is considered to be a major etiological factor.1,2 
In public campaigns and communications regarding dental health, professio-
nal dental care associations (PDCAs) and governmental bodies recommend  
regular daily toothbrushing for preventing caries and periodontal diseases.3,4,5,6  
Moreover, in oral care practice, dentists and dental hygienists commonly  
provide professional brushing instructions. Toothbrushing recommendations 
consist of information regarding not only the brushing technique, type of 
toothbrush, type of bristles, duration of brushing, and time of changing the 
toothbrush but also the use of toothpaste and the additional use of interdental 
cleaning. Available information should focus on individual patient needs and 
the personalized use of language that matches the patients language level. This 
information can be provided verbally, with a brushing model, hands on, supple-
mented by the use of leaflets or via an app or web application.7,8,9 
PDCAs comprise dentist associations (DAs) and dental hygienist associations 
(DHAs). The FDI (World Dental Federation)10 is considered an umbrella orga-
nization as it unites the DAs and is the worldwide representative body for all 
dentists. It develops health policy, continuing education programs, serves as 
a unified voice for dentistry, and supports member associations in oral health 
promotion activities via the use of websites and social media. The Internatio-
nal Federation of Dental Hygienists (IFDH)11 has similar aims regarding dental  
hygienists and unites DHAs. PDCAs provide toothbrushing information on their 
websites. This information should adhere to professional standards as informa-
tion seekers view the credibility of the author or their affiliation as a key indica-
tor of the quality of the content.12 
The aim of this study was to assess the advice and information about tooth-
brushing provided by PDCAs in English-speaking countries as available on their 
websites. A low heterogeneity in the advice provided by different PDCAs may 
improve the patients adherence to toothbrushing recommendations.13 

2. Material and methods

2.1 Context of study
This report was prepared according to the STROBE guideline for cross- 
sectional studies. This checklist recommends items that should be included in 
the report.14,15 The collected data in this study were retrieved from publicly  
accessible websites. The Institutional Review Board of the Academic Centre for 
Dentistry Amsterdam (ACTA) approved the study protocol (#2020248).
Only PDCAs in English-speaking countries were included in this study. Together, 
the USA, Ireland, and the 54 Commonwealth countries were included to repre-
sent the global context.16,17 The Commonwealth countries are united in a well-
known international organization in connection with the United Kingdom (UK). 
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Moreover, the UK government classifies the commonwealth countries as well as 
Ireland and the USA as native English speaking.18,19 Altogether 56 countries were 
considered to be of interest.

2.2 Search strategy for professional dental care associations (PDCAs)
First, a list of PDCAs in the 56 countries was made, with a distinction between 
DAs and DHAs. When a country had a DA or DHA, it was examined whether 
the association had a website. To locate the individual websites of these PCDAs, 
the search was primarily performed via the websites of the so-called umbrella 
organizations-the FDI (World Dental Federation)10 for the DAs and the IFDH 
(International Federation of Dental Hygienists)11 for the DHAs. When no infor-
mation was present or when information available was insufficient, the website  
www.suvison.com20 was consulted, which provides global oral healthcare 
information on professional, technical, human, commercial and industrial  
resources-online and offline. When no information was found, an individual 
search was performed using the search engine Google21 because it has been 
proven to be effective in helping lay users obtain health and medical infor- 
mation.22 The search terms used were: association, dental, dentist, dental  
hygienist, and the name of the corresponding country. To defeat the standard 
online search behavior and to decrease the bias that occurs naturally in social 
networks as personalization algorithms use increasingly more social data, the 
first 25 results of each search were considered and reviewed.23 

2.3 Data extraction and analysis
The content of the existing websites of DAs and DHAs in individual English- 
speaking countries was explored for advice or information about aspects of 
toothbrushing. The websites were searched using their own search bar with 
the terms “brushing technique, advice and instruction”. When no search bar 
was available, the websites were searched using the Ctrl + F shortcut in the 
browser to find the words of interest, or a manual search was performed.  
Regarding available details, recommendations about the type of toothbrush, 
type of bristles, duration of brushing, time of changing the toothbrush, and use 
of toothpaste and interdental cleaning devices were extracted. All searches and 
data extraction were conducted in June 2021 independently by two examiners 
(TAE & TMJA).
Both DAs and DHAs and their related websites, if available, are listed in  
appendix A. The format (e.g., text, pictures, or videos) in which the available 
information on toothbrushing was provided was recorded. On the basis of the 
gathered information, a frequency table using absolute values and percentages 
was composed. In addition, for each country, the continent is specified, and it is 
indicated whether it is considered as a high-, middle-, or low-income country.24
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23. Results

3.1 Included countries and websites
The online search showed that, of the 56 countries, 52 (92.6%) had a DA, and 
15 (26.8%) had a DHA. For details of the included countries, see Figure 1 and 
Table 1.

Figure 1
Flowchart of the online search for DAs and DHAs and their websites that provide 
online recommended brushing advice, techniques and instructions.
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For details please see Appendix A

In four counties, the primary website found on the FDI website was not  
accessible. A Google search retrieved the dental council website of Mauritius 
and the Bahamas and the websites of the DAs of Rwanda and Sierra Leone. A 
website was found that was associated with Pakistan.25 However, it was unclear 
which entity was responsible for the intellectual content; it appeared to have 
no connection with a DA or DHA. The website was therefore not considered for 
the present evaluation. The DHA website addresses found on the IFDH webpage 
for Singapore and South Africa turned out to be incorrect. A Google21 search 
helped to retrieve the current web address. All data regarding the available 
DAs and DHAs and their corresponding websites are presented in the Online 
Appendix A.
Two DAs (Cameroon and Cyprus) and one DHA (Cameroon) did not appear 
to have a website in English. Six countries had a DA but no website, and se-
ven had a website that was not accessible (appendix A). The DHAs in the  
Bahamas and Pakistan also appeared to have no website, and DHA of Jamaica 
had a website that was not accessible (appendix A). In total, 37 DAs (71.2%) and  
11 DHAs (73.3%) had an online website in English (appendix A). Two DAs refer-
red to specific affiliated consumer website MouthHealthy26 (the USA) and the 
Oral Health Foundation27 and the dental health section on the NHS website  
(the UK).28 In total, 16 (30.8%) DAs and 7 DHAs (46.7%) had websites that  
provide advice and information on toothbrushing (Table 1; Appendix A). Only 
these 23 websites were suitable for inclusion in the present study as they did 
indeed provide structured advice and information on toothbrushing. 

Table 1
Outcome of the DAs and DHAs in the 56 countries and their association that 
provide online toothbrushing advice and information.

N=56 DA DHA 

Countries with an association 52 (92.8%) 15 (26.8%)

Active website from associations 37 (71.2%) 11 (73.3%)

Online recommended toothbrushing information 16 (30.8%) 7 (46.7%)

Websites without toothbrushing information 21 (40.4%) 4 (26.7%)

Website not available 7 (13.4%) 1 (6.7%)

No website 6 (11.5%) 2 (13.3%)

Website not in English 2 (3.8%) 1 (6.7%)
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23.2 Brushing advice, techniques, and instructions 
Tables 2a and 2b present the details on toothbrushing advice and information 
provided on the included websites. All recommend the use of a fluoride tooth-
paste. All but two (Malaysia and Sri Lanka) recommended the additional use 
of dental floss. The advice and information on toothbrushing provided on DA 
and DHA websites regarding the type of toothbrush, type of bristles, duration 
of brushing, time of changing the toothbrush, and the use of toothpaste and 
interdental cleaning devices are categorized in Tables 2a and 2b, respectively. 
Most websites used text (n = 20) and videos (n = 13) to provide information 
concerning the toothbrushing method. All except one (South Africa) website 
gave the advice to brush twice daily and recommended 2 min or at least 2 min 
of brushing duration. Eleven websites emphasized that the moment of brushing 
should be morning and evening (or before bedtime). Brushing after every meal 
was recommended only by two DA websites (Canada and Rwanda).

The use of a powered toothbrush was suggested as an alternative on nine web-
sites. Regarding manual toothbrush features, a soft bristle configuration was 
advised on 15 websites. Only the DA of Ireland suggested a medium-bristle 
brush, and two countries (Ghana [DA] and the UK [DHA]) recommended either 
a soft- or medium-bristle toothbrush. The modified Bass brushing technique 
was mentioned on seven websites, and the Bass technique was mentioned twi-
ce (Bass 1948).29 Toothbrushing movements were mainly explained as circular 
followed by back-and-forth movements. Gentle brushing and positioning the 
manual toothbrush at an angle of 45° were specified on 13 and 14 websites, res-
pectively. It was advised on 13 and 11 websites to replace the toothbrush after  
2–4 months and when bristle wear occurred, respectively. Replacement after 
being sick was advised by the PDCA of Uganda and by the DA and DHA of Aus-
tralia.

3.3  Dentist associations (DA) compared with dental hygienist 
 associations (DHA)
In seven countries with a DHA with a website that provided toothbrushing in-
structions, a DA website was also available. The use of a fluoride toothpaste, 
twice daily toothbrushing, and daily use of floss were common recommendati-
ons. In Australia, both the DA and DHA advised to replace the toothbrush after 
3 months, when toothbrush bristles were worn, or after being sick. All other 
advices regarding toothbrushing were not consistent between the DA and DHA 
websites within a country.
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Table 2a 
Overview of the details given by the 16 DA association websites on toothbrushing in-
formation, by the format of the instruction method, details on toothbrushing and other 
extra advice and information.

* special instructions for children MB: Modified Bass,  C: Circular, U: Up-and-down, B: Back and forth, S: Soft, M: Medium, 
IDB: Interdental Brush
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DA per 
Country
N=16
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Total 5 4 5
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Table 2b 
Overview of the details given by the 7 DHA association websites on toothbrushing 
information, by the format of the instruction method, details on toothbrushing 
and other extra advice and information.

Toothbrush

* special instructions for children MB: Modified Bass,  C: Circular, U: Up-and-down, B: Back and forth, S: Soft, M: Medium, 
IDB: Interdental Brush
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4. Discussion 

4.1 Summary of findings
In this cross-sectional internet search study, the advice and information  
available online on websites of PDCAs in 56 English-speaking countries was  
assessed. The focus was on oral hygiene instruction for public  
campaigns and communications regarding dental health with a primary 
emphasis on toothbrushing advice. Only 16 DAs and 7 DHAs provided online 
oral hygiene instructions for the general public on their website. 
The information on oral self-care and the format in which it was 
provided were rather heterogeneous. The lack of consensus was evident; 
however, there appeared to be universal agreement on the recommendation to 
brush twice daily with a fluoride-containing toothpaste.

4.2 Locating websites 
The two main sources used to locate the targeted PDCA websites were the  
websites of the FDI10 and IFDH.11 If necessary, an additional Google21 search 
was performed. To decrease search bias due to cookies and search engine  
algorithms, two independent researchers restricted their evaluation to the first 
25 hits that emerged.23 The decision of using only the first 25 hits was based on 
two earlier studies that have shown an overlap of 100% when different search 
engines and two or more reviewers were used.30,31

After the first 25 hits, it is most likely that the information found is not useful 
while performing a simple search with a few search terms in a search engine 
such as Google.21 However, it cannot be ruled out that all available PDCA  
websites were not detected using this approach on Google. It is in the hands 
of the website owners to ensure that their websites are easily found. A good 
search engine optimization strategy helps the public to track down websites of 
their interest.32 

4.3 Professional dental care associations (PDCAs)
The umbrella organizations FDI and IFDH both promote excellence in oral 
health, education, research, and practice and state that oral health is an inte-
gral aspect of overall health for both dental care professionals (DCPs) as well 
as the general public.10,11 In society the internet is currently the main domain 
source of information, this also applies for the public in seeking patient re- 
lated information. Communication via online platforms should be the method 
of choice to provide the public with dental health information.33 It would be 
logical that public information on PDCA websites is based on clinical guide- 
lines; it implies uniformity in advice and independent information. Based on the 
present findings there appears to be a need for alignment and improvement in 
professional information for the general public with respect to toothbrushing. 
Umbrella PDCAs should take responsibility for developing a basic guideline for 
self-performed oral hygiene for the general public.
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24.4 Format of instructions
Online information about toothbrushing can be offered in different formats 
with text and/or visuals. The content format affects the process of information 
adaptation by the patient.7,8,9 Visuals such as pictures, drawings, charts, graphs, 
and diagrams can be effective tools for providing information about health 
aspects, as this makes complex information easier to comprehend and more  
attractive.34 Visuals also reinforce written or spoken health messages.34 Meti-
culous toothbrushing is a procedure that requires more than only informati-
on adaptation; it also needs substantially higher cognitive performance to  
accomplish a behavioral change required to optimize dental hygiene self-care.35 
For example, in a recent randomized controlled trial among dental students, 
a brochure was provided that described the steps for learning a new tooth-
brushing technique. The results showed that no significant change in tooth-
brushing behavior was seen, suggesting that only a brochure is insufficient to 
instruct and motivate even in a group of dental-minded participants.36 Alter-
natively, interest in the new toothbrushing technique may have subsided over 
time, or the lack of change may be related to the fact that the methods of 
toothbrushing recommended were either too difficult to perform or conflicted 
with what individuals such as patients had learned from other authorities.37,38  

4.5 Recommendations
Two systematic reviews39,40 have shown that there is a lack of consensus on 
the recommendations for manual toothbrushing techniques both among pro- 
fessional dental (hygiene) organizations and in the scientific literature. There 
appears to be a wide diversity of recommendations with inconsistencies and 
a lack of scientific support.39,40 In addition, assessment of the effectiveness of 
dental health education indicates that there is room for improvement in the 
adherence to recommendations on aspects of toothbrushing.13 This may sug-
gest that there is limited effectiveness in the current public campaigns and 
communications regarding dental health. The currently available limited and  
varied information regarding toothbrushing from PDCA websites will presuma-
bly not improve the dental health of the general public. Therefore, focused infor- 
mation on the type of toothbrush, toothbrushing frequency, technique, and 
other toothbrushing-related aspects is needed. Developing such a guideline 
with evidence-based recommendation will help DCPs in daily clinical practice 
and provide a consistent basis for dental health education of the general public.  

4.6 Barriers
All 56 included countries were formally considered to be English speaking, but 
English is not the native language in all countries. In some of these countries, 
local languages are used in daily life, whereas English is the official language.41 
According to a systematic review on mobile health to improve the health be-
haviors and health outcomes of populations in developing countries, aspects 
such as language and literacy were found as important barriers. The analyses 
included Cameroon, Ghana, India, and Mozambique, all Commonwealth coun-
tries.42 If websites are only provided in English, non-native speakers are at a dis- 
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advantage, when the unofficial local language of native origin is more  
practical.42 Canada, also a Commonwealth country16,17 is a good example of 
a country with two official languages, French and English. All governmental 
or PCDA websites are therefore bilingual which partly circumvents the dis- 
advantage experienced by non-native English speakers. Notably, Canada is a high- 
income western society, and there are approximately 70 distinct indigenous  
languages belonging to 12 separate language families that are not used by 
official authorities or national organizations.43 Regarding literacy, 70% of the 
countries included in the present study can be considered as developing and 
low-income countries (online appendix A). It is known that there is a correla-
tion between income and education.44 Thus, not only education but also other 
aspects such as poverty, race/ethnicity, age, and disability have an impact on 
health literacy. 34,45 

4.7 Strengths
An important strength of this study was that the 56 English-speaking coun-
tries are extremely diverse and spread all over the world. They are among the  
largest, smallest, richest, and poorest countries.16,17,18,19 They include first-,  
second-, and even third-world countries with a high to low income, which  
makes them a representative selection for this research. The inclusion of these 
countries contributes reduces selection bias, making the results more represen-
tative of what can be universally expected. Another strength of this study was 
the availability of the two umbrella organizations FDI and IFDH10,11, a collective 
of DAs and DHAs, respectively, which provided a good starting point for the  
internet search strategy. However, some of the DAs and the DHAs could be 
found only via Suvison and Google.20,21

4.8 Limitations
In addition to PDCAs, dental councils, dental chambers, or dental unions may 
also be present in some countries, with an overlap in their objectives. In the 
present study, only those organizations aiming to improve the oral health of the 
general public were targeted. Consequently, unions for the advocacy of DCPs 
were not considered as eligible.
Some countries consider dental hygienists and dental therapists as distinct pro-
fessions. Based on its origin, dental hygienists have a preventive and care focus 
and dental therapists have a treatment and cure focus. The professional profile 
of a dental therapist does not overlap that of a dentist or a dental hygienist.46 
However, in some countries such as the UK and Singapore, dental hygienists and 
dental therapists are united into a single profession.47,48,49 Nevertheless, dental 
therapists as a distinct profession was not taken into account in the present 
study. 
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25.  Conclusion 

The majority of the 56 English-speaking countries had a PDCA; 52 countries had 
a DA, 15 of which also had a DHA. In total, 35% of the PDCAs had a website that 
provided advice and information on toothbrushing. Although no consensus 
was observed, and a large heterogeneity was present in the information on 
the toothbrushing technique and toothbrushing-related instructions, they all 
recommended twice daily brushing with a manual toothbrush and the use of a 
fluoride toothpaste. The practical implication of the present study is that um-
brella PDCAs should take responsibility to ensure alignment and consistency 
in other recommendations on basic oral self-care by developing a guideline 
with evidence-based recommendations for the general public. The information 
should focus on the type of toothbrush, brushing advice, technique, and other 
toothbrushing-related instructions.

6. Clinical relevance

6.1 Scientific rationale:
Professional dental care associations (PDCAs) are national organizations  
of dentists and dental hygienists. It is of interest what these professional  
organizations communicate to the general public about oral care.

6.2 Principal findings:
Not all 67 PDCAs (52 DAs and 15 DHAs) had a website, and some with a  
website did not provide advice or information about toothbrushing.  
Twice daily toothbrushing with a manual brush and a fluoride toothpaste was  
recommended by 16 DAs and 7 DHAs on their websites.

6.3 Practical implications: 
There appears to be a need for alignment and improvement in professio-
nal information for the general public with respect to the type of tooth-
brush, toothbrushing instruction, technique and other toothbrushing-related  
aspects. Umbrella PDCAs should take responsibility for developing a universal 
guideline for the general public.
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Appendix A
Overview of all 56 countries presenting a DA and DHA and their association websites 
including whether they provide thoothbrushing information.

Country
Conti-
nent

Income 
level

DA Association website

Antigua and Barbuda* N-America H -

Australia* Oceania H +
Australian Dental Association 
/www.ada.org.au

The Bahamas*/***** N-America H +
Bahamas Dental Council 
www.bahamasdentalcouncil.com

Bangladesh* Asia L/M + www.bangladeshdentalsociety.org

Barbados* N-America H + www.barbadosda.org >> NA

Belize***** N-America L/M + www.belizemedicaldentalassociation.com/

Botswana**/***** Africa U/M + www.bodeabw.com >> NA

Brunei** Asia H -

Cameroon**/***** Africa L/M + Website in French

Canada* N-America H +
Canadian Dental Association 
https://www.cda-adc.ca/

Cyprus* Asia H + Website in Greek

Dominican Republic** N-America U/M +
www.asociacionodontologicadominicana.com 
>> NA

Eswatini/Swaziland***** Africa L/M + www.eswatinimedicalcouncil.com/

Fiji***** Oceania U/M + Fiji Dental Association www.fijida.org/

Gambia** Africa L + www.gmda.gm >> NA

Ghana* Africa L/M +
Africa Ghana Dental Association 
www.gdaonline.org/

Grenada***** N-America U/M + www.gmdc.gd/

Guyana***** S-America U/M + www.dpi.gov.gy/tag/guyana-dental-association/

India* Asia L/M + Indian Dental Association www.ida.org.in/

Ireland* Europe H +
Irish Dental Association 
www.dentist.ie

Jamaica** N-America U/M + www.jamaicadentalassociation.org/

Kenya* Africa L/M + www.kda.or.ke/

Kiribati** Oceania L/M + No website

Lesotho***** Africa L/M + www.lmc.org.ls

Malawi**/***** Africa L + No website

Malaysia* Asia U/M + Malaysian Dental Association www.mda.org.my/

Maldives** Asia U/M + www.mmc.gov.mv/

Malta* Europe H + www.dam.com.mt
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2

Brushing 
Information

DHA Association Website
Brushing 
Information

-

++ +
Dental Hygienist Association of Australia 
www.dhaa.info***

++

□ + No website

□ -

-

□ -

-

-

+ Website in French

++ +
Canadian Dental Hygienist Association 
www.cdha.ca ***
www.dentalhygienecanada.ca

++

-

-

□ -

++ -

-

++ -

□ -

□ -

++ + www.fidh.in*** □

++ +
Irish Dental Hygienists Association
www.idha.ie ***

++

□ + www.dhaj.org/***** >> NA

□ -

-

□ -

-

++ -

□ -

□ + https://maltahygienists.com/***** □
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Mauritius*/***** Africa U/M +
http://mauritiusdentalassociation.mu >> NA 
www.dentalcouncilmu.org 
www.adpmauritis.tripod.com

Mozambique* Africa L + www.ammd-mz.com >> NA

Namibia**
Africa

U/M + Namibian Dental Association 
www.namibiadent.com/

Nauru** Oceania H + No website

New Zealand*
Oceania

H + New Zealand Dental Association
www.nzda.org.nz/

Nigeria* Africa L/M + www.nigdentalasso.org/

Pakistan* Asia L/M + www.pda.org.pk

Papua New Guinea** Oceania L/M + No website

Rwanda*/*****
Africa L

+ Rwanda Dental Association www./rda.rw/
www.rwandadentalassociation.com/ > NA

Saint Kitts and Nevis***** N-America H + www.sknmda.org/

Saint Lucia***** N-America U/M + www.slmda.org/

Saint Vincent and the 
Grenadines*****

N-America U/M + www.health.gov.vc

Samoa** Oceania L/M + No website

Seychelles***** Africa H + www.s-mdc.org/

Sierra Leone**/***** Africa L + www.slmda.sl  > NA    www.mdc-sl.org

Singapore* Asia H +
Singapore Dental Association
www.sda.org.sg

Solomon Islands** Oceania L/M -

South Africa* Africa U/M +
The South African Dental Association
www.sada.co.za/

Sri Lanka* Asia L/M + Sri Lanka Dental Association
www.slda.lk/

Tanzania* Africa L/M + www.tdadent.or.tz

Tonga** Oceania U/M + No website

Trinidad and Tobago***** N-America H + www.dctt.org.tt/site/home.php

Tuvalu Oceania U/M -

Uganda* Africa L + Uganda Dental Association www.ugadent.org/

United Kingdom* Europe H + British Dental Association www.bda.org
Refer to: www.dentalhealth.org  www.nhs.uk

USA* N-America H + Merican Dental Association www.ada.org
Refer to: www.mouthhealthy.org/en

Vanuatu Oceania L/M + www.vda.vu >> NA

Zambia
Africa

L/M + /www.medicstravel.co.uk/countryhospitals/
africa/zambia.htm >> NA

+ = a DA or DHA available, - = no DA or DHA available, NA = website not working/not available
++ = brushing advice, techniques and instructions recommended, □ = no brushing advice, techniques and instructions recommended
H = high Income level, U/M = Upper/Middle income level, L/M = Low/Middle income level, L = Low income level
* website found through search on FDI-member list
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2□ -

-

++
-

-

++
+ Dental Council of New Zealand:

www.dcnz.org.nz ***
++

□ + www.dthbn.gov.ng/***** □

□ + No website

-

++ □
-

□ -

□ -

□ -

-

□ -

□ -

++ +
Association of Oral Health Therapists
www.aoht.org.sg/ ****

++

-

++ + www.ohasa.co.za **** □

++
-

□ -

-

□ -

-

++ -

++
+ British Society of Dental Hygiene 

and Therapy www.bsdht.org.uk/ ***
++

++
+ American Dental Hygienists Association

www.adha.org ***
++

-

-

** website found through search on Suvison-DA list
*** website found through search on IFDH-member list
**** website not correct on the IFDH-member list
***** website found on Google
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Abstract

Aim: 
This retrospective analysis investigates changes in daily oral hygiene behaviour 
after the initial phase of non-surgical periodontal therapy (NSPT).

Materials and Methods: 
This retrospective study includes 189 consecutive periodontitis patients trea-
ted for moderate to severe periodontitis. The authors used the oral hygiene  
behaviour questionnaire (OHB-9) to assess and evaluate the oral hygiene 
self-care practices at both intake and evaluation after an active phase of NSPT 
which consisted of repeated oral hygiene instruction (OHI), supra- and sub- 
gingival debridement and polishing. In addition, data on pocket probing depth 
and bleeding upon pocket probing (BOP) were extracted and PISA and PESA 
scores were collected. All these parameters are descriptive of the periodontal 
status at intake and the clinical response to NSPT.

Results: 
The OHB-9 showed an increased oral hygiene self-care level after the active  
phase of NSPT. At the evaluation, 85% of patients used a power toothbrush 
(PTB), representing an increase of 26% as compared with the intake. In additi-
on, 64% re-ported brushing 3 min or longer, representing an increase of 33%. 
The use of wood-sticks (WS) and interdental brushes (IDB) at least once a day in- 
creased with 15% and 40% respectively. The distribution changes on the  
answering scale were significant for IDB, WS and brushing duration. However, 
no significant relationship was found between oral hygiene behaviour at the 
evaluation and the improvement of the gingival inflammation evaluated by 
BOP percentage.

Conclusion:
The finding of the OHB-9 questionnaire reported was an increase of patients 
who brushed longer and used the PTB, WS and IDB on a daily basis. The  
observed improvements in gingival inflammation assessed as bleeding on  
probing tendency were not significantly associated with oral hygiene behaviour 
at the evaluation of NSPT.
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31. Introduction 

Periodontitis is an inflammatory disease of the supporting structures of the 
teeth mediated by the interaction between the host and the oral micro- 
biome.1 Symptoms associated with periodontal disease can be halitosis,  
swollen or receding gingiva and tooth mobility. Periodontitis is considered to  
account for 30%–35% of all tooth loss.2 This directly affects quality of life in 
terms of reduced functional capacity (e.g. chewing or biting), self-esteem and 
social relationships.3–5 The goal of periodontal therapy is to preserve, impro-
ve and maintain natural dentition.5 The foundation of effective periodontal 
therapy is mechanical debridement of the root surface, with the intention of  
disrupting the established biofilm. Moreover, the oral hygiene instructions 
(OHI) as part of the periodontal therapy induce a behavioural change in pa-
tients to improve the level of self-performed daily oral hygiene.6 It is suggested 
that the impact of change in oral hygiene behaviour has an effect on plaque 
and bleeding scores. The maintenance of periodontal health following active 
periodontal therapy involves lifelong supportive care that consists of daily  
removal of the biofilm by the patient.7 Regarding the frequency of daily oral  
hygiene, both the European Federation of Periodontology (EFP) and the  
American  Dental Association (ADA) recommend that people should brush  
their teeth twice a day for at least 2 min using a fluoride-containing toothpaste. 
Furthermore, they advise performing a thorough daily interdental cleaning.8,9 
Regarding interdental cleaning, a systematic review (SR) from the XIII European 
workshop on Periodontology has suggested that interdental cleaning with in-
terdental brushes (IDBs) is the most effective method for interdental plaque 
removal.9,10 The majority of the included studies have failed to demonstrate that 
flossing is generally effective in plaque removal. Worthington et al.11 have also 
shown that IDBs are likely more effective than dental floss. This is supported by 
two Bayesian network meta-analyses that quantitatively evaluate interdental 
oral hygiene devices and provide a global ranking of their efficacy.12,13 Wood-
sticks and floss ranked last14, and IDBs and oral irrigator ranked highest for the re-
duction of gingival bleeding. Moreover, in periodontal maintenance patients, a  
recent network meta-analysis has demonstrated that the adjuvant use of 
IDBs was significantly more effective for plaque removal than using the ma-
nual toothbrush alone.12 To evaluate the impact of personalized OHI and  
guidance, the oral hygiene behaviour (OHB) questionnaire has been  
proposed.15,16 The questionnaire appears to be a useful method for assessing and 
evaluating the oral self-care practices of individuals.16 Details of toothbrushing 
and other potential components of personal oral hygiene are included in the 
OHB questionnaire, such as the use of woodsticks, interdental brushes, tooth-
paste with or without fluoride and tongue cleaning.17 So far, the OHB questi-
onnaire has been used to evaluate oral hygiene behaviour in several populati-
ons across different continents18–21, it has not yet been applied to periodontal  
therapy. The aim of the present retrospective analysis was to assess changes 
in patient daily oral hygiene behaviour at both intake and at evaluation after 
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non-surgical periodontal therapy (NSPT) with the aid of the OHB questionnaire. 
Moreover, this study aimed to assess whether there is a relationship between 
oral hygiene behaviour and changes in gingival inflammation displayed in a 
BOP percentage. 

2. Material and methods 

2.1 Study design 
This retrospective analysis was prepared according to the guidelines suggested 
by The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) Statement22,23 and RECORD checklist.24,25 These checklists recommend 
items that should be included in the reports of observational studies and studies 
that use routinely collected observational data. The patients in this study provi-
ded signed, informed consent in advance for the anonymous use of data related 
to their treatment. The institutional review board of the Academic Centre for 
Dentistry Amsterdam (ACTA) provided approval for this study under number 
(#202019). 

2.2 Patients and OHB-9 
Patients involved in this retrospective analysis had been referred by their gene-
ral dentist to the specialist Clinic for Periodontology, Utrecht due to moderate 
to severe periodontitis. They were treated within 12 months following their 
intake appointment. Prior to their intake appointment, all patients received the 
Dutch version of the OHB survey questionnaire, which is part of the regular pro-
cedure at the clinic, at their individual home addresses. Patients were requested 
to bring the completed questionnaire to their first appointment. The original 
OHB16 with eight questions was modified to nine questions (OHB-9) as previ-
ously presented by Al-Maliky et al.20 and Van Gils et al.21 The additional question 
inquiries about the type of toothbrush the patients use: a manual toothbrush 
(MTB), a power toothbrush (PTB) or both, the so-called hybrid brushers. A hybrid 
brusher can, for example, be someone who is using a MTB in the morning and a 
PTB in the evening.21,26 The OHB-920,21 questionnaire includes the following nine 
questions:

 1. Frequency of toothbrushing
 2. Moments of toothbrushing
 3. Measure of force of toothbrushing
 4. Time of brushing
 5. Toothpaste with/without fluoride
 6. Type and frequency of Interdental cleaning device
 7. Tongue cleaning
 8. Type of toothbrush
 9.  Brushing method
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32.3 Clinical measurements and treatment 
The intake appointment included an intra- and extra-oral assessment and a full-
mouth periodontal charting with a complete set of radiographs (for further  
details, see Van der Weijden et al.).27 In brief, the assessed periodontal para- 
meters include the number of teeth, pocket probing depth (PPD), with  
measurements rounded off to the nearest millimetre and bleeding on probing 
(BOP), scored as absent or present. PPD and BOP were recorded at six sites  
(mesio-buccal, buccal, disto-buccal, mesio-lingual, lingual and disto-lingual). 
The dental software program calculated, based on these collected data, the 
periodontal inflamed surface area (PISA) and periodontal epithelial surface area 
(PESA) at six sites per tooth.28–30 Following the intake appointment, the active 
phase of NSPT began. Patients received two to five 1-h sessions of thorough, 
nonsurgical, supra- and subgingival scaling and root planing. These sessions 
were provided by a dental hygienist primarily with ultrasonic instruments com-
plemented with manual instruments under local anaesthesia, as indicated by 
the individual needs of the patient. Elective systemic antimicrobial medication 
consisting of a combination of amoxicillin (375 mg) and metronidazole (250 mg) 
was provided after the treatment sessions at the indication of the periodontist 
responsible for the treatment. At every session, each patient received perso-
nalized OHI from the dental hygienist to motivate and encourage them to ob-
tain a high standard of self-performed plaque control.27 The basic oral hygiene  
recommendations of the Clinic for Periodontology are as follows: use a PTB 
with a fluoride toothpaste twice a day and use interdental brushes once a day 
with the different sizes specified to be the best suited per interdental area. The  
patients returned for evaluation approximately 2.5 months after the last NSPT 
session. Prior to this appointment, they again filled out the OHB-9 question-
naire. The same periodontist then again assessed the clinical parameters in the 
same way as described above for the baseline measurements (see Appendix).

2.4 Data extraction and analysis 
The treatment coordinator (MER) at the clinic retrospectively extracted all 
data from the treatment records and anonymously entered them into an excel 
file. For the analysis, data were uploaded in IBM SPSS Statistics for Windows,  
Version 27.0.31. The software presents age at intake and the clinical parameters 
of interest at intake and evaluation are presented as mean and standard devi-
ation (SD). It also calculates frequencies for gender, number of teeth (with PPD 
 >5 mm) and the distribution among the answering scale of the OHB-9 questions 
at intake and at evaluation after NSPT. The analyses of the self-assessed scale 
of brushing force are summarized on a 4-point scale as suggested by Buunk- 
Werkhoven et al.15 Chi-square test was used for the statistical analysis of the dis-
tribution changes on the answering scale of the OHB-9 questions. It was “a priori” 
decided that if a statistically significant difference occurs on the distributi-
on of the answering scale of OHB-9 question, further statistical analysis at a  
patient level would be performed. Another Chi-square test was used to ana-
lyse transitions at the patient level from the intake to evaluation after NSPT.  
If individual cells on the answering scale held <10 outcomes, the Fisher’s exact  
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test was employed. In addition, a subgroup analysis was performed by combi-
ning outcome options of the OHB questions and consequently dichotomizing the  
answering scale. To analyse changes from intake to evaluation, a paired-sample 
t-test was used for clinical parameters of interest. This work assesses the rela-
tionship between a summary of oral hygiene behaviour at the evaluation ap-
pointment and changes in BOP percentage according to an independent t-test 
and a one-way ANOVA when appropriate. p-values of <0.05 are an indicator of  
statistical significance.

3. Results 

3.1 Demographics 
Data of 189 consecutive patients who filled out the questionnaire were in- 
cluded. The number of males was 79, and the number of females was 110. The 
mean age was 47.87 years, with a range of 19–79 and an SD of ±12.07 years. 
Table 1 presents the demographic data split by gender.

Table 1
Gender and age at intake of the retrospective included patients.

Overall Male Female

Gender n (%) 189 (100%) 79 (41.8%) 110 (58.2%)

Mean age in years (SD) 47.87 (12.07) 47.52 (13.28) 48.12 (11.18)

Range (age in years) 19-79 20-79 19-71
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33.2 Frequency distributions 
Table 2 presents the frequency distributions on the answering scale for each 
question on the OHB-9 questionnaire at intake and evaluation after NSPT and 
Chi-square analysis for changes in the distribution. At the intake visit, 85% of 
the 189 patients brushed their teeth twice or more than twice a day. Further- 
more, 59% used a PTB, 29% used an MTB and 12% were hybrid users. In total, 
51% brushed for 2 min, and 31% brushed for 3 min or longer. In addition, 82% 
used a toothpaste containing fluoride, and over 40% used woodsticks (WS) and/
or an IDB at least once a day. Eighteen per cent of patients cleaned their ton-
gues on a daily basis. At the evaluation appointment after NSPT, all patients 
brushed at least once daily. Among the studied population, 85% of the patients 
used a PTB, representing an increase of 26%. As a result, there was a decrease 
in the use of an MTB. The distribution change on the answering scale for type of 
toothbrush was significant (p < 0.001) when comparing intake with evaluation.
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Table 2 
Oral Hygiene Behavior (OHB-9) questionnaire outcomes n=189 evaluated at intake and 
evaluation after NSPT, analyzed for changes in distribution of the answering scale per 
OHB-9 question.

Question Topic
N=189

Answering Scale
Outcome

Intake
# patients (%)

Eval
# patients (%)

p-value*

1: 
Frequency of 
toothbrushing‡

0-Not every day
1-Once a day
2-Twice a day
3-More than 2 times a day

1 (0.5)
28 (14.8)
133 (70.4)
27 (14.3)

0 
20 (10.6) 
145 (76.7) 
23 (12.2)

0.383

2: 
Moments of tooth 
brushing

0-Morning before breakfast
1-Morning after breakfast
2-Noon 
3-After dinner in evening 
4-Before going to sleep

79 (41.8)
103 (54.5)
20 (10.6)
32 (16.9) 
158 (83.6)

70 (37.0)
117 (61.9)
20 (10.6)
35 (18.5)
158 (83.6)

NA**

3: 
Self-assessed 
measure of tooth-
brushing force 
(on a scale of 
1 to 10, 1 =soft, 
10 =rough)

1
2
3
4
5
6
7
8
9
10

1 (0.5)
1 (0.5)
6 (3.2)
7 (3.7)
48 (25.4)
43 (22.8)
55 (29.1)
24 (12.7)
1 (0.5)
3 (1.6)

0
3 (1.6)
4 (2.1)
13 (6.9)
50 (26.5)
49 (25.9)
46 (24.3)
23 (12.2)
1 (0.5)
0

0.489

4: 
Time of brushing

0-Shorter than one minute 
1-One minute 
2-Two minutes 
3-Three minutes 
4-Longer than three minutes

6 (3.2) 
27 (14.3)
97 (51.3)
37 (19.6)
22 (11.6)

0
3 (1.6)
65 (34.4)
54 (28.6)
67 (35.4)

0.000*

5: 
Toothpaste with/
without Fluoride

0-Unknown 
1-Toothpaste with fluoride
2-Toothpaste without fluoride

6 (3.2)
156 (82.5)
27 (14.3)

6 (3.2)
164 (86.8)
19 (10.1)

0.451

6: Interdental cleaning devices:

Floss 0-Never
1-Not every day
2-Once a day
3-Twice or more times a day

111 (58.7)
49 (25.9)
18 (9.5)
11 (5.8)

131 (69.3)
40 (21.2)
14 (7.4)
4 (2.1)

0.097

Woodsticks (WS) 0-Never
1-Not every day
2-Once a day
3-Twice or more times a day

52 (27.5)
59 (31.2)
44 (23.3)
34 (18.0)

54 (28.6)
28 (14.8)
65 (34.4)
42 (22.2)

0.001*

Interdental brush (IDB) 0-Never
1-Not every day
2-Once a day
3-Twice or more times a day

75 (39.7)
39 (20.6)
56 (29.6)
19 (10.1)

14 (7.4)
30 (15.9)
101 (53.4)
44 (23.3)

0.000*
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3

NA = not applicable
* = statistical significant difference between intake and evaluation after NSPT using the Chi-square test
** = patients signed possible up to more than one category
‡ =one missing value

3.3 Sub-analyses of the changes at a patient level
Based on significant distribution changes on the answering scale of the oral 
hygiene behaviour (OHB-9) questionnaire between the intake and evaluati-
on appointment further sub-analysis was performed. Subsequently, also at a  
patient level, the transition for type of TB, brushing time and the frequency 
of use of either WS or IDB was significant (p<0.0001) (Table 3). The significant 
change in the use of type of TB can be explained by the 55 MTB brushers at 
intake who then switched to hybrid brushers (n = 50) or solely used PTB. At the 
evaluation, 91% patients made the transition from an MTB to a form of PTB use. 
In addition, 73% of participants who were hybrid brushers at intake switched 
to exclusive PTB use (Table 3). Further dichotomization of the answering scale 
showed that the number of patients brushing for >1 min did not significantly  
increase as compared with ≤1 min of brushing (p<0.079). However, brushing 
for >2 min as compared with ≤2 min significantly increased (p<0.001;  
Table 4). The frequency of use for both WS and IDB showed a significant change  
(p < 0.001) for daily use at a patient level (Table 4). As compared with the intake 
results, 11 patients brushed less often and 19 more often at the evaluation. More- 
over, 66% of the sample brushed twice daily on both questionnaire assessment  
moments. The subgroup analysis for brushing frequency showed a significant 
change to brushing > once daily (p<0.001; Table 5). The analyses of the self- 
assessed scale of brushing force showed significant changes at the evaluation 
regarding using less force (Table 5).

7: 
Tongue cleaning

0-Never
1-Sometimes
2-Everyday

88 (46.6)
66 (34.9)
35 (18.5)

84 (44.4)
64 (33.9)
41 (21.7)

0.742

8: 
Type of TB

0-Manual
1-Power
2-Both/hybrid users

55 (29.1)
112 (59.3)
22 (11.6)

7 (3.7)
160 (84.7)
22 (11.6)

0.000*

9: 
Brushing method

0-Horizontal movement
1-Vertical movement
2-Circular movement
3-Bass-method

103 (54.5)
82(43.4)
66 (34.9)
59 (31.2)

64 (33.9)
63 (33.3)
70 (37.0)
93 (49.2)

NA**
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Table 3 
Sub-analysis of significant outcomes of the distribution of the answering scale of the 
Oral Hygiene Behavior (OHB-9) questionnaire (table 2), evaluated by the transition in 
number of patients per item at intake and at evaluation after NSPT.

Brushing time at evaluation

Brushing 
time at 
intake

1 minute 2 minutes 3 minutes
>
3 minutes

Total p-value*

<1 minute 1 2 1 2 6

<0.001*

1 minute 1 17 2 7 27

2 minutes 1 43 35 18 97

3 minutes 0 3 12 22 37

>3 minutes 0 0 4 18 22

Total 3 65 54 67 189

Frequency of use of the WS at evaluation

Never
Not 
every day

Once 
a day

≥Twice 
a day

Total p-value*

Frequency 
of use of 
the WS at 
intake

Never 24 6 16 6 52

<0.001*

Not every day 15 19 22 3 59

Once a day 7 2 21 14 44

≥Twice a day 8 1 6 19 34

Total 54 28 65 42 189

Frequency of use of the IDB at evaluation

Never
Not e
very day

Once 
a day

≥Twice 
a day

Total p-value*

Frequency 
of use of 
the IDB at 
intake

Never 12 18 32 13 75

<0.001*

Not every day 1 9 23 6 39

Once a day 1 2 39 14 56

≥Twice a day 0 1 7 11 19

Total 14 30 101 44 189

Type of TB at evaluation

Type of TB 
at intake

MTB PTB Hybrid TB Total p-value*

MTB 5 34 16 55

<0.001*
PTB 1 110 1 112

Hybrid TB users 1 16 5 22

Total 7 160 22 189

* = p-value of the Pearson Chi square
TB = toothbrush, WS=woodstick, IDB=interdental brush
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3Table 4
Subgroup analysis of the Oral Hygiene Behavior (OHB-9) questionnaire outcomes presen-
ting the number of patients per item at intake and at evaluation after NSPT. Outcome 
data are summarized in relation to a dichotomous answering scale.

Brushing time at evaluation

Brushing time 
at intake

≤1 minute >1 minute Total p-value**

≤1 minute 2 31 33

=0.079**>1 minute 1 155 146

Total 3 186 189

Brushing time at evaluation

≤2 minutes >2 minutes Total p-value**

Brushing time 
at intake

≤2 minutes 65 65 130

<0.001**>2 minutes 3 56 59

Total 68 121 189

Frequency of use of the WS at evaluation

<once daily ≥once daily Total p-value*

Frequency of 
use of the WS 
at intake

<once daily 64 47 111

<0.001*≥once daily 18 60 78

Total 82 107 189

Frequency of use of the IDB at evaluation

Frequency of 
use of the IDB 
at intake

<once daily ≥once daily Total p-value**

<once daily 40 74 114

<0.001**≥once daily 4 71 75

Total 44 145 189

* = p-value Pearson Chi square
** = p-value Fisher’s exact
WS = woodstick, IDB = interdental brus
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Table 5
Subgroup analysis of the Oral Hygiene Behavior (OHB-9) questionnaire outcomes 
presenting the number of patients per item at intake and at evaluation  
after NSPT. The scale for brushing frequency was dichotomized according to 
Al-Maliky et al. (2016).20 The toothbrush force was categorized according to Buunk 
(Buunk et al. 2009; Buunk, Dijkstra, vd Schans (2011)).15,16

Brushing frequency at evaluation

Brushing 
frequency 
at intake

≤once daily >once daily Total p-value**

≤once daily 18 11 29

<0.001**>once daily 2 157 159

Total 20 168 188‡

Toothbrush force at evaluation

0=soft 
1=soft/
force-
fully

2=force-
fully

3=rough Total p-value**

Toothbrush 
force at 
intake

0=soft 3 3 1 1 8

 <0.001*

1=soft/forcefully 2 32 19 2 55

2=forcefully 2 24 61 11 98

3=rough 0 4 14 10 28

Total 7 63 95 24 189

* = p-value of the Pearson Chi square
** = p-value Fisher’s exact
‡ one missing value
 

0 = soft (1,2,3), 1 = soft/forcefully (4,5), 2 = forcefully (6,7), 3 = rough (8,9,10)

3.4 Clinical parameters 
The effect of NSPT was recorded through various clinical periodontal para- 
meters (BOP, PPD >5 mm, PISA and PESA). The mean difference between the  
intake and evaluation for BOP percentage was 34.95 (19.58). For the total num-
ber of sites with a PPD >5 mm, the mean difference was 15.80 (16.39), and the 
mean differences for PISA and PESA were 10.57 (6.72) and 6.79 (4.08) respecti-
vely. All changes were clinically significant (p<0.001). At the patient level, 95% 
had at least one pocket >5 mm at intake which then reduced to 58% after NSPT 
at the evaluation. This shows that 42% of the patients had pockets ≤5 mm. The 
mean number of pockets >5 mm at the intake was 17.70, which then reduced 
to 1.90 at the evaluation. Of the 4986 teeth at the intake, 67.09% had a PPD 
>5 mm. During NSPT, 117 teeth were extracted. At the evaluation, there were 
4869 teeth remaining, of which 7.37% showed a PPD >5 mm. Corresponding at 
a patient level to 11.21% of sites with PPD >5 mm at intake and 1.24% of sites 
with PPD >5 mm at the evaluation (Table 6a,b).
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3Table 6a+b
(a) The mean bleeding on probing scores (%BOP), number of pockets with  
pocket probing depth (PPD) >5 mm, periodontal inflamed surface area (PISA) and  
periodontal epithelial surface area (PESA) scores of the included patients on intake,  
evaluation and the difference between the measurement moments. (b) Frequency of 
patients and teeth with PPD >5 mm.

Clinical Parameter of 
interest N=189

Intake 
Mean (SD)

Evaluation of 
NSPT
Mean (SD)

Difference
Evaluation – 
Intake
Mean (SD)

p-value*

a

%BOP 47.43 (21.16) 12.49 (12.29) 34.95 (19.58) <0.001

# of pockets PPD >5 mm 17.70 (17.61) 1.90 (3.24) 15.80 (16.39) <0.001

PISA 13.01 (7.28) 2.44 (2.39) 10.57 (6.72) <0.001

PESA 22.30 (5.52) 15.52 (3.20) 6.79 (4.08) <0.001

Mean number of teeth 26.38 (2.88) 25.76 (3.24) 0.619 (1.45) <0.001

Parameter of interest N=189 Intake Percentage Evaluation Percentage

b

# of patients with 
PPD >5 mm

180 95% 109 58%

Total number of teeth 4986 NA 4869 NA

% of teeth with PPD 
>5 mm

3345 67.09% 359 7.37%

% of sites with PPD per 
teeth >5 mm

NA 11.21% NA 1.24%

*= p-value of paired sample T-test comparing intake and evaluation after NSPT
NA = not applicable

Table 7 shows the assessment of the relationship between oral hygiene be- 
haviour, regarding brushing frequency, time of brushing, frequency of use WS/
IDB and type of TB, at the evaluation and the change of gingival inflamma- 
tion in BOP percentage. The statistical analysis of the comparison between the  
values at evaluation and intake was significant (p<0.001) for all these subgroups. 
In addition, Table 7 presents the analyses of the change in BOP percentage  
between the subgroups of which the answering scale of the oral hygiene beha-
viour question was dichotomized for daily use or minutes used. No statistically 
significant relationship was established.
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Table 7
The relation to oral hygiene behavior at the evaluation appointment and the change of 
% BOP, between intake and evaluation after NSPT. Statistical analysis of the comparison 
between evaluation and intake values. In addition, the analyses of BOP change between 
the groups of oral hygiene behavior questions. N=189.

Oral hygiene 
behavior 
item at eva-
luation

Subgroups Number of 
patients

Change 
in % BOP 
(difference 
between 
intake and 
evaluation)
Mean (SD)

Comparison 
between 
BOP at 
intake and 
evaluation 
and p-value*

P-value** of 
comparison 
of change 
in % BOP 
between 
groups of 
the oral 
hygiene 
behavior 
items

Frequency 
brushing‡

≤ once daily 20 36.85 (19.52) <0.001 0.96

> once daily 168 34.67 (19.68) <0.001

Time of 
brushing

≤1 min 3 27.33 (31.09) <0.001
0.23

>1 min 186 35.07 (19.45) <0.001

≤2 min 68 35.44 (19.86) <0.001
0.71

>2 min 121 34.67 (19.50) <0.001

Frequency of 
use of the WS

< once daily 82 35.16 (21.38) <0.001 0.16

≥ once daily 107 34.79 (18.19) <0.001

Frequency of 
use of the IDB

< once daily 44 35.91 (20.89) <0.001 0.17

≥ once daily 145 34.66 (19.24) <0.001

Type of TB MTB 7 30.86 (24.74) <0.001 0.44***

PTB 160 35.39 (19.49) <0.001

Hybrid 22 33.00 (19.26) <0.001

* = Paired sample t-test
** = Independent t-test
*** = One-Way ANOVA
‡ = one missing value
 
TB = toothbrush, WS = woodstick, IDB = interdental brush
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34. Discussion 

4.1 Summary of findings 
The purpose of this retrospective analysis was to evaluate the change in daily 
oral hygiene behaviour by the OHB-9 questionnaire after an active phase of 
NSPT. At the selected evaluation appointment, 189 patients who had filled out 
the questionnaire were included, which showed that in total 85% solely used 
the PTB and 12% brushed alternatively with a MTB and PTB. Seventy-seven per 
cent of the patients used an IDB at least once a day. This is a 26% increase in the 
use of a PTB, a 15% increase for the daily use of WS and a 37% increase for the 
daily use of IDBs. The present findings show that the OHB-9 questionnaire can 
be a useful tool for analysing changes in OHB both at individual and practice- 
based levels. The OHB-9 can help oral care practices to audit the impact of treat-
ment and OHI offered to their patients. It is an easy tool to implement and can 
be used to evaluate patient oral hygiene behaviour experiences. The OHB-99,16 

questionnaire was developed based on the OHB-8 questionnaire.20,21 It is shown 
via a Delphi method involving expert oral health professionals, that given the 
relatively low number of items and the substantial variety in the content of the 
questions, the questionnaire has a sufficient internal structure, as was apparent 
from its face validity.16 The analysis of the individual aspects on oral hygiene be-
haviour, such as frequency of brushing, WS and IDB, time of brushing and type 
of toothbrush used, found no significant relationship with the change in BOP 
percentage at the evaluation (Table 7). The effect of non-surgical periodontal 
therapy by scaling and root planing is in general of such a high magnitude that 
it appears difficult to show an additional effect beyond this treatment response 
itself,32 for instance, by the use oral hygiene devices. Moreover, in an earlier 
systematic review, the impact of change in oral hygiene behaviour on plaque 
and bleeding scores was not established in patients with periodontal diseases.33 
An alternative explanation may be that the skewed distribution of the evalua-
ted aspect of oral hygiene behaviour within this treated periodontitis patient  
population prevents an association from emerging.

4.2 Justification of the oral hygiene recommendations 
Regarding the frequency of daily oral hygiene, both the European Federation 
of Periodontology (EFP) and the American Dental Association (ADA) recom-
mend that people should brush their teeth twice a day for at least 2 min using 
a fluoride-containing toothpaste. Furthermore, they advise performing a  
thorough daily interdental cleaning.8,9 Regarding the choice of toothbrush, 
many studies and SRs have concluded that rechargeable PTBs are preferable 
for gingivitis patients, as they are more effective than MTBs.5,9,34 PTBs with va-
rious mechanical motions and features are widely available. Instead of forcing 
people to concentrate on the right brushing technique, these brushes’ built-in  
motions allow them to pay more attention to the right placement of the brush.12  
A previous study has also shown that recommending a PTB for periodontitis 
patients showing low compliance with oral hygiene is worthwhile.35 A recent 
SR has evaluated the effects of various mechanical oral hygiene devices for  
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periodontal maintenance patients, and it has found no evidence in support of a 
difference between MTBs and PTBs.12 This was evident from both the descriptive 
analysis as well as from the network meta-analysis (NMA). This has probably to 
do with the fact that in periodontitis patients it is difficult to filter out only the 
effect of a toothbrush, as it would be unethical to abstain from interdental oral 
hygiene in this particular patient population. Based on the same study, when 
the effect of interdental cleaning devices was evaluated in periodontal mainte-
nance patients, the additional use of IDBs reduced plaque scores most.12 For the 
reduction of gingival inflammation, no product ranked higher than the manual 
toothbrush.12

4.3 Oral hygiene instructions 
The evidence suggests that the largest decrease in the number of periodontally 
diseased sites is seen following OHI and NSPT. Good oral hygiene and low plaque 
levels produce the best outcomes. OHI is, therefore, an integral part of NSPT.9,36 

A recent publication has observed that a statistically significant and profound 
reduction in plaque, BOP and PPD can be observed even after a professional 
OHI on its own.37 An SR of the available literature has argued that a single OHI 
combined with a single professional oral prophylaxis provides a small but signi-
ficant positive effect on the reduction of gingivitis. Repeated OHIs have shown 
even further improvements on gingival health.38 Professional instructions on a 
personalized individual basis have also been effective at inducing a change in 
the efficacy of OHB.30 There is, however, insufficient evidence to recommend 
any specific, one-to-one OHI method as effective in improving oral health or 
being more effective than any other method.17 It has been shown that written 
OHIs do not adequately influence oral hygiene selfcare.39,40 Interestingly dental 
hygienists also provide more detailed information about oral hygiene aids as 
compared with dentists.41 In the light of this, it is remarkable that there was 
one person at the intake who reported not to brush every day and 15% which  
brushed only once a day. Two and a half months after the NSPT and repeated 
OHIs, this result changed to the point that 87% brushed at least twice a day and 
85% used a fluoride TP, which aligns with the advice of the ADA.8 Repeated 
OHIs are especially important because there is evidence showing that the re- 
inforcement of oral hygiene provides further benefits.9

4.4 Success of NSPT 
A recent publication has evaluated the results of NSPT in 1182 patients diagno-
sed with adult periodontitis. They were treated in the same specialized Clinic for 
Periodontology in Utrecht the Netherlands and had received detailed instructi-
ons on how to clean their teeth. For this patient group, success of periodontal 
therapy was defined as having no pockets deeper than 5 mm, and 39% of the 
patients reached this successful treatment objective with a mean bleeding on 
probing score of 14%.27 Applying the same success criteria to the present pa-
tient population reveals that 42% of the patients reached pocket probing depth 
of ≤5 mm at the evaluation visit. The mean bleeding score reduced from 47% at 
intake, with 35%–12% after NSPT. These results align with the previous study.
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34.5 Brushing duration and frequency
In a previous study, brushing duration has been seen as an important variable 
in the efficacy of plaque removal.39 Slot et al.42 have shown that the plaque  
reduction efficacy of MTBs increased when the brushing time increased.  
Rosema et al.34 note the same effect for PTBs. An increase in brushing duration 
has also been associated with higher plaque score reduction.34,39 In the present 
population, 82% reported brushing their teeth for 2 min or longer at the inta-
ke and this increased up to 98% at the evaluation. However, few studies have  
addressed toothbrushing frequency as a proxy for oral hygiene and perio- 
dontitis. Zimmerman et al.43, for instance, has shown a relatively small but  
significant relationship of infrequent toothbrushing with severe forms of pe-
riodontal disease. Moreover, an earlier study by Lang et al. has shown that 
complete plaque removal once every 48h is compatible with gingival health 
in periodontally healthy subjects.44 In general, it is questioned if 100% plaque 
removal is practically feasible. A more recent publication, however, has found 
that frequencies of mechanical plaque removal up to 24h may prevent an  
increase in the severity of gingival inflammation in patients with no history of 
periodontitis, frequencies of mechanical removal plaque up to 24h may prevent 
an increase in the severity of gingival inflammation.45 In elderly subjects, it has 
been found that twice daily toothbrushing contributes to better periodontal 
health.46 Ganss et al.47 have shown that the majority (79.6%) of uninstructed 
adults brushed twice daily. Higher toothbrushing frequency, however, does not 
necessarily ensure more efficient toothbrushing, even if a positive correlation 
seems likely.43

4.6 Generalizability 
Previous research has shown that education, socioeconomic status (SES), race 
and ethnicity and general health status are significant predictors of OHB.48 
Education can influence both OHB and even the results of the patients’ oral 
cleaning habits.49 In the present retrospective analysis, no data were available 
regarding these predictors so that it was not possible to specify the results with 
more details in this respect. The results from this study are, however, represen-
tative of a practice-based periodontal situation in Western society.

4.7 Limitations
This retrospective analysis of OHB showed a positive response to repeated  
professional OHIs, although the evaluation time of approximately 2.5 months 
following completion of the active phase of NSPT was short. One possibility is 
that the behavioural change as observed is short-lived. The dedication that is 
required to maintain a high degree of plaque control may deteriorate rapid-
ly given that improved gingival health tends to fade over time and return to 
its original value.30,40 There is also evidence showing that the reinforcement of 
oral hygiene provides further benefits.9 Patients from the present analysis will  
continue in a periodontal maintenance program which includes regular OH eva-
luation and if needed individual instruction. This will support them to preserve 
the improvement in OHB. Given that this retrospective analysis involved a group 
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of patients who were treated in a clinic specialized and restricted to periodontal 
therapy, this patient group may be more motivated and interested in maintai-
ning oral health. This may have an impact on the observed changes in OHB.3 As 
this retrospective analysis included patient-related data gathered before the 
introduction of the new classification of periodontal disease50, the diagnosis of 
moderate to severe adult periodontitis was based on the classification sugge-
sted by Van der Velden.51,52 Due to the retrospective nature of the study design, 
there was no examiner calibration for BOP and PPD measures. No plaque index 
scores were collected. However, at the beginning of each appointment with the 
dental hygienist, plaque was disclosed and subsequent individualized hands-on 
instructions were given. Although considered rational, the additional question 
to the OHB-8 with respect to the type of toothbrush used was not part of the 
validation process. In general, people overestimate their oral hygiene efforts or 
state what they believe the dental care professionals would like to hear.53

4.8 Suggestion for further research 
This study used a questionnaire that was previously validated. It is of interest to 
evaluate after NSPT including an intensive aspect of personalized oral hygiene 
instructions and guidance what the effect is on details of the toothbrush and  
interdental cleaning brands and type. In addition, the real time of use, in-
stead of the categories given for the questionnaire. The OHB-9 questionnaire  
evaluated the change of use, but no information could be retrieved whether 
this was based on an individual specific recommendation. It would be worth-
while to assess patient behaviour and compliance in relation to professional 
recommendations.

5. Conclusion 

The findings of the OHB-9 questionnaire show that at evaluation after an active 
phase of NSPT, there was an increase in patients who brushed longer and used 
the PTB, WS and IDB on a daily basis. The observed improvements in gingival 
inflammation assessed as bleeding on probing tendency were not significantly 
associated with oral hygiene behaviour at the evaluation of NSPT.
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36. Clinical relevance 

6.1 Scientific rationale 
Dental plaque leads to gingivitis and can eventually turn into periodontitis. 
Adequate and self-performed daily oral hygiene is essential for maintaining 
oral health. 

6.2 Principal findings 
Following a non-surgical periodontal therapy phase with repeated pro-
fessional personalized oral hygiene instruction, this retrospective analysis 
shows that patients used the power toothbrush, woodsticks and interdental  
cleaning devices more often. 

6.3 Practical implications 
The oral hygiene behaviour questionnaire (OHB-9) is a useful method for 
assessing and evaluating oral hygiene self-care practices and provides  
reflections regarding changes and improvements in oral hygiene self-care. 
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Flowchart of the patient flow of the retrospective analysis.
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Abstract 

Objectives: 
In adult participants, what is, following a single brushing exercise, the efficacy 
of a powered toothbrush (PTB) as compared to a manual toothbrush (MTB) on 
plaque removal? 

Methods: 
MEDLINE-PubMed and Cochrane-CENTRAL were searched from inception to 
February 2019. The inclusion criteria were (randomized) controlled clinical 
trials conducted in human subjects ≥18 years of age, in good general health 
and without periodontitis, orthodontic treatment, implants and/or removable 
prosthesis. Papers evaluating a PTB compared with a MTB in a single brushing 
exercise were included. When plaque scores were assessed according to the 
Quigley-Hein plaque index (Q&HPI) or the Rustogi modified Navy plaque index 
(RMNPI). From the eligible studies, data were extracted. A meta-analysis and 
subanalysis for brands and mode of action being oscillating-rotating (OR) and 
side-to-side (SS) were performed when feasible. 

Results: 
Independent screening of 3450 unique papers resulted in 17 eligible publi- 
cations presenting 36 comparisons. In total, 28 comparisons assessed tooth-
brushing efficacy according to the Q&HPI and eight comparisons used the RMNPI. 
Results showed a significant effect in favour of the PTB. The difference of Means  
(DiffM) was −0.14 (P < 0.001; 95%CI [−0.19; −0.09]) for the Q&HPI and −0.10  
(P < 0.001; 95%CI [−0.14; −0.06]) for the RMNPI, respectively. The subanalysis on 
the OR mode of action showed a DiffM −0.16 (P < 0.001; 95%CI [−0.22, −0.10]) 
for the Q&HPI. For the SS mode of action using RMNPI, the DiffM showed −0.10 
(P < 0.001; 95%CI [−0.15; −0.05]). The subanalysis for brands showed for the P&G 
OR PTB using the Q&HPI a DiffM of −0.15 (P < 0.001; 95%CI [−0.22; −0.08]) and 
the Colgate SS for RMNPI showed a DiffM of −0.15 (P < 0.001; 95%CI [−0.18; 
−0.12]). 

Conclusion: 
There is moderate certainty that the PTB was more effective than the MTB with 
respect to plaque removal following a single brushing exercise independent of 
the plaque index scale that was used.
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41. Introduction 

It is well established that natural oral self-cleaning mechanisms have no  
significant effect on dental plaque formation. Therefore, active removal of pla-
que at regular intervals is necessary.1 Dental plaque leads to gingivitis and can 
eventually turn into chronic periodontitis.2 Therefore, adequate oral hygiene is 
an essential habit for maintaining oral health.3 Currently, there are numerous 
toothbrushes available on the market. The manual toothbrush (MTB) is a simple 
device which is widely accepted and affordable to most people.1 Powered tooth-
brushes (PTB) have been around since the 1940s. Improvements have resulted 
in various types of PTBs with different power supplies and different modes of 
action.4 In 1964, Ash5 wrote: “Although power toothbrushes are not particularly 
recent in origin, advanced designs, intensive promotion and widespread use 
of many types and manufacturers have stimulated considerable interest and  
research into their safety and effectiveness”. This introductory statement  
remains valid almost 55 years later. The number of marketed products increases, 
and the volume of published clinical research data pertaining to the efficacy 
of these new designs also continues to expand.6 Whether powered brushing 
is superior to manual brushing has for long been a subject to controversy, as  
studies have demonstrated conflicting results.7 However, the PTB has become 
an established alternative to the MTB.8 The Cochrane Collaboration showed 
that the PTB is more effective in the reduction of plaque and gingivitis. This is  
based on studies with an evaluation time of 3 months or longer.8 Single brushing 
exercise studies are considered to provide limited information since they do 
not take into account the benefits of gingival health.9 Nevertheless, they are 
appropriate for assessing plaque removal, as they facilitate the control of  
confounding variables such as patient compliance.10 Two previous published  
systematic reviews (SR) have determined the efficacy on plaque removal, follo-
wing a single brushing exercise, on plaque removal of MTB and PTB separately. 
A head-to-head comparison with a SR approach of studies evaluating a PTB vs 
a MTB with a single brushing model is lacking. Collective evidence would help 
to guide the dental care professionals in making a well-considered recommen-
dation for optimal plaque removal. Therefore, the purpose of this study was to 
review the effect on plaque removal of a PTB compared to a MTB following a 
single brushing exercise.

2. Material and methods 

This SR was prepared and described in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions and the guidelines of Transparent  
Reporting of Systematic Reviews and Meta-analysis.11-13 The protocol that details 
the review method was developed a priori following an initial discussion among 
the members of the research team.
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2.1 Focused question 
In adult participants, what is, following a single brushing exercise, the efficacy 
of a PTB as compared to a MTB on plaque removal? 

2.2 Definition of a powered toothbrush 
In the dental literature, “electric” and “powered” are used inter-changeably 
for identical toothbrushes. It may be described in general as a powered device 
that consists of a handle having an electromotor which converts electricity into 
a mechanical action that is transferred to a shaft that propels the brush-head.14 
A large variety of PTBs are available to the consumer. For the purpose of this 
review, only toothbrushes with rechargeable batteries were included. Brushes 
containing a normal battery to provide an electric current, those that do not 
have a moving brush-head or those using a “switched off” mode, were not 
considered.14

2.3 Search strategy 
A structured search strategy was designed to retrieve all relevant studies that 
evaluated the efficacy of a single brushing exercise in adults using either a  
PTB or a MTB. The National Library of Medicine, Washington, DC (MEDLINE- 
PubMed) and the Cochrane Central Register of Controlled Trials (CENTRAL) 
were searched from inception to February 2019 for appropriate papers that 
evaluated the effect on dental plaque in a single brushing exercise in healthy 
adults. The reference lists of the included studies were hand-searched to identify  
additional potentially relevant studies. For details regarding the search terms 
used, see Table 1.

2.4 Screening and selection 
Titles and abstracts from the studies obtained by the searches were indepen-
dently screened by two reviewers (TAE, NAMR) to select studies that potentially 
met the inclusion criteria. Only papers in the English language were accepted. 
Based on the title and abstract, the full-text versions of potentially relevant 
papers were obtained. These were categorized (TAE, DES) as definitely eligi-
ble, definitely not eligible or questionable. Disagreements concerning eligibility 
were resolved by consensus or if disagreement persisted, by arbitration through 
a fourth reviewer (GAW). The papers that fulfilled all of the inclusion criteria 
were processed for data extraction. The inclusion criteria were as follows:
• Randomized controlled clinical trials (RCT) or controlled clinical trials (CCT)
• Conducted in humans:
  o ≥18 years of age
  o In good general health (no systemic disorder or pregnant)
  o No periodontitis
  o No orthodontic treatment and/or removable prosthesis
  o No dental implants
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• Self-performed brushing by the participants.
• Single-headed MTB compared to single-headed rechargeable PTB
• Full-mouth plaque scores assessed according to one or more plaque indices  
 of interest or its modification:
  o Quigley and Hein plaque index (Q&HPI15 or the Turesky16 modification
    assessed at two sites per tooth or the Lobene17 modification assessed
    at six sites per tooth).
  o Navy plaque index18 or Rustogi modified Navy plaque index (RMNPI).19

2.5 Assessment of heterogeneity 
Factors used to evaluate the heterogeneity of outcomes of different studies 
were categorized as follows: study design, subject characteristics, regimen  
details, mode of action, brands and plaque indices.

2.6 Quality assessment 
Two reviewers (TAE and DES) independently scored the individual methodo-
logical qualities of the included studies using the checklist as presented in Ap-
pendix S1 according to the method described in detail by Keukenmeester et 
al.20 In short, a study was classified as having a “low risk of bias” when random 
allocation, defined inclusion/ exclusion criteria, blinding to the examiner, ba-
lanced experimental groups, identical treatment between groups (except for 
the intervention) and reporting of loss to follow-up were present. Blinding to 

Box 1 
Search terms used for MEDLINE-PubMed and Cochrane-CENTRAL. The search 
strategy was customized according to the database being searched.

The following strategy was used in the search: 
{ (<intervention AND outcome>)}

Intervention:
{<[(MeSH terms) Toothbrushing OR (text words) toothbrush OR tooth-
brushing OR toothbrush*>

AND

Outcome:
<(MeSH terms) dental plaque OR dental plaque index OR dental deposits 
OR [text words] plaque OR dental plaque OR plaque removal OR plaque 
index OR dental plaque removal OR dental deposit* OR dental deposits* OR  
dental deposit OR dental deposits>}

The asterisk (*) was used as a truncation symbol.
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the participant was not taken into account as the participants could always see 
whether they used a PTB or a MTB. Studies that had five of these six criteria were  
considered to have a potential moderate risk of bias. If two or more of these 
six criteria were absent, the study was considered to have a high risk of bias.21

2.7 Data extraction 
From the papers that met the selection criteria, the data were processed for 
analysis. If possible, the mean plaque scores for pre-brushing, post-brushing, 
change and standard deviations were independently extracted. This data ex-
traction was performed by the three independent reviewers (TAE, NAMR and 
DES) using a specially designed data extraction form. Disagreement between 
the reviewers was resolved through discussion and consensus. If a disagreement 
persisted, the judgement of a fourth reviewer (GAW) was decisive. Some of the 
studies provided standard errors (SE) of the mean. If needed and where possi-
ble, the authors calculated standard deviation (SD) based on the sample size 
(SE = SD/√N). If the 95% CI, mean and sample size were provided, using Omni 
calculator (https:// www.omnicalculator.com/statistics/confidence-interval)22, the 
SD was calculated. For those papers that provided insufficient data to be inclu-
ded in the analysis, the first and/or corresponding authors were contacted to 
request additional data.

2.8 Data analysis 
Pre- and post-brushing plaque scores of a single brushing exercise and the chan-
ge in plaque scores are presented and ordered by the plaque index score used 
for the assessment. The modifications of indices were categorized by the origi-
nal index. As a summary, a descriptive data presentation was used for all studies. 
When feasible, using mean scores and the standard deviations provided by the 
selected papers, a meta-analysis (MA) was performed on plaque scores and a 
subanalysis on the mode of action and brand using Review Manager [(RevMan) 
[Computer program] Version 5.3. Copenhagen: The Nordic Cochrane Centre, 
The Cochrane Collaboration, 2014]. In studies consisting of multiple treatment 
arms and data from one particular group compared with more than one other 
group, the number of subjects (n) in the group was divided by the number of 
comparisons. A meta-analysis was only performed if there could be two or more 
comparisons included.23 The difference of means (DiffM) between PTB and MTB 
was calculated using a “random or fixed effects” model where appropriate. A 
fixed-effect analysis was implemented if there were fewer than four studies 
because the estimate of between-study variance is poor for analysis with low 
numbers of studies.11 The formal testing for publication bias was used as propo-
sed by Egger et al.24 with a minimum of 10 comparisons.

2.9 Grading the “body of evidence” 
The Grading of Recommendations Assessment, Development and Evaluation 
(GRADE)25 was used to appraise the evidence.26 Three reviewers (TAE, DES, 
GAW) rated the quality of the evidence and the strength and direction of the 
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4recommendations27 according to the following aspects: risk of bias, consistency 
of results, directness of evidence, precision and publication bias, and magnitude 
of the effect. Any disagreement among the three reviewers was resolved after 
additional discussion.

3. Results 

3.1 Search and selection results
Searching the MEDLINE-PubMed and Cochrane-CENTRAL databases resulted 
in 3450 unique papers (for details, see Figure 1). Screening of the titles and 
abstracts resulted in 83 papers, which were obtained in full text. Based on a 
detailed reading of these papers, 66 papers were excluded. The reasons were 
no full-mouth scores, no single use or conducted among children. The other  
11 studies did not fit the eligibility criteria of which one study was due to the 
fact that the PTB that was used was a prototype28 and another did a long-term 
study including a single brushing exercise but unfortunately did not report the 
data.29 In total, 17 papers were selected.30-46 In various trials, more than one 
brush type was used to obtain data on plaque removal efficacy, resulting in  
36 comparisons for inclusion in this review.

3.2 Assessment of heterogeneity 
The selected papers showed considerable heterogeneity in study design,  
participant characteristics and entry criteria, period of plaque accumulation 
prior to the brushing experiment, used products, PTB mode of action, brands, 
instruction method, brushing duration and plaque indices used. Appendix S2 
showed an overview of these items in the selected studies.

3.3 Study design 
Of the 17 selected studies, 16 were randomized controlled trials (RCTs) 
and the Rosema et al.42 study was a controlled clinical trial (CCT). In nine  
studies, a crossover design was used, and the other eight studies had a  
parallel design. Two studies (Khocht et al.31 and Kulkarni et al.46) provided 
also a single brushing evaluation at 4 weeks. The number of participants  
varied from 16 to 181, and various inclusion criteria were used. In many  
studies, “carious lesions” or “acute lesions” or “hard tissue lesions” were defined 
as exclusion criteria. These descriptions were summarized as “dental neglect”. 
The method of instruction in oral hygiene practices was classified as “none” 
as reporting normal regimen or no instruction. Instructions according to 
the manufacturer or written instructions or leaflet were considered as  
“written”. Professional instructions by a dental care professional, video instruc-
tions or if feedback was provided are classified as “visual”. Plaque accumula-
tion varied from 12 hours to 4 days, and brushing duration was 30 seconds till  
unrestricted time for self-performed brushing (for details, see Appendix S2).
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3.3.1 Toothbrush and mode of action and brands for the PTBs only
In total, 21 experiments evaluated oscillating-rotating (OR) PTBs, side-to-side 
(SS) were evaluated in nine experiments, and in six experiments, other un-
known modes of action were evaluated. There were two brands with enough  
comparisons to do a subanalysis, so for Procter & Gamble (P&G), there were  
10 experiments using the OR mode of action, and for Colgate, three  
experiments used the SS mode of action.

3.3.2 Plaque indices 
Of the 36 comparisons, 28 comparisons used the Q&HPI or a modification.15,16 In 
eight comparisons, the plaque scores were assessed according to the criteria as 
described for the RMNPI.18,19

3.4 Methodological quality assessment 
The potential risk of bias was estimated based on the methodological quality 
aspects of the included studies as presented in the Appendix S1. Based on a 
summary of the proposed criteria, the potential risk of bias was estimated to be 
high for Kulkarni et al.46 moderate for the Renton-Harper et al.34, Pizzo et al.37 
and Kurtz et al.45 studies and low in the remaining 13 studies.

3.5 Study outcomes results 
The Appendix S3 presents the data as extracted per study when the Q&HPI was 
used and Appendix S4 when RMNPI was used. Consequently, studies are catego-
rized by index and ordered by year of publication. Data are presented with res-
pect to prebrushing, post-brushing, changes in plaque scores and the absolute 
difference in terms of percentage of plaque scores.

3.5.1 Between groups 
Table 2 summarized the descriptive analysis for the statistical differences irres-
pective of the used PI between PTB and MTB. In addition, it shows the subanaly-
sis based on the mode of action. Appendix S5 showed the information in more 
detail. Out of the 36 experiments, 22 comparisons found a significant difference 
in favour of the PTB in the efficacy of removing plaque after a single brushing 
exercise. No comparisons showed the MTB to be more effective than the PTB 
while eight showed parity. The descriptive subanalysis showed that for the SS 
mode of action, nine out of nine comparisons were significantly more effective 
than the MTB. For OR PTBs, this was nine out of 21 comparisons of which four 
did not provide sufficient statistical data.
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Comparisons
N=36

PTB was
more

effective

MTB was
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effective

No 
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Overall 22 0 8 6 Comparison
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n

PTB OR
N=21

9 0 8 4 MTB

PTB SS
N=9

9 0 0 0 MTB

other
N=6

4 0 0 2 MTB

OR = Oscillating Rotating, SS = Side to Side

Table 2
Overview of the descriptive summary of the comparisons with the number of statistical 
significance of PTB compared to MTB on the plaque scores. 
For details see Appendix S5.
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43.6 Meta-analysis 

3.6.1 Overall 
Independent of the mode of action of the PTB removed more plaque as compa-
red to the MTB. The difference of means (DiffM) for the Q&HPI was significant 
for the incremental change DiffM of −0.14 (P < 0.001; 95%CI [−0.19; −0.09]) in 
favour of the PTB (Table 3). The results of the change using the RMNPI showed 
a DiffM of −0.10 (P < 0.001; 95%CI [−0.14; −0.06]) (Table 4). 

3.6.2 Subanalysis 
A subanalysis on the mode of action showed that for the OR technology using 
the Q&HPI a DiffM of −0.16 (P < 0.001; 95%CI [−0.22; −0.10]). For the SS tech-
nology, using the RMNPI showed a DiffM of −0.10 (P < 0.001; 95%CI [−0.15; 
−0.05]). The subanalysis for brands showed for the P&G PTB with the OR tech-
nology using the Q&HPI a DiffM of −0.15 (P < 0.001; 95%CI [−0.22; −0.08]). The 
Colgate PTB with the SS technology using the RMNPI showed a DiffM of −0.15  
(P < 0.001; 95%CI [−0.18; −0.12]). Tables 3 and 4 show a summary of the MA 
outcomes. Detailed information regarding the forest plots and funnel plots can 
be found in the Appendices S6-S14.

3.7 Evidence profile 
Table 5 presents a summary of the various factors used to rate the quality 
of evidence and to appraise the strength and direction of recommendations  
according to GRADE25 including the level of certainty. There is a small differen-
ce in plaque removal in favour of the PTB. The single brushing design is rather  
direct as it does not reflect long-term use. As the risk of bias varied from “low to 
high” and many studies were industry-financed reporting bias cannot be ruled 
out. The strength of the recommendation was estimated to be “strong” due 
to the precision and rather consistent results of the plaque scores. Given the 
strength of this recommendation, there is a moderate rate of certainty of the 
beneficial effect of a PTB removing more dental plaque than a MTB.
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Table 3
A meta-analysis for PTB compared to MTB at pre-, post- and the change in plaque scores 
on the Q&HPI. Presented as overall and a subanalysis of the mode of action.

Moment Comparisons Model DiffM
Test for overall

95% CI p-value

O
v
e
ra

ll

Pre 27 comparisons random 0.04 [-0.01; 0.08] 0.09

Post 20 comparisons random -0.06 [-0.10; -0.02] 0.003

Change 15 comparisons random -0.14 [-0.19; -0.09] <0.001

S
u

b
a
n

a
ly

si
s

Pre 27 OR comparisons random 0.04 [-0.02; 0.09] 0.18

Post 20 OR comparisons random -0.06 [-0.11; -0.00] 0.03

Change 11 OR comparisons random -0.16 [-0.22; -0.10] <0.001

Pre 2 SS comparisons fixed 0.06 [-0.52; 0.64] 0.85

Post 2 SS comparisons fixed -0.06 [-0.22; 0.10] 0.45

S
u

b
a
n

a
ly

si
s 

o
n

ly
 P

&
G

 P
TB Pre 18 OR comparisons random 0.02 [-0.03; 0.06] 0.52

Post 18 OR comparisons random -0.07 [-0.12; -0.02] 0.01

Change 10 OR comparisons random -0.15 [-0.22; -0.08] <0.001
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4

Test for heterogeneity Online Appendix

I2 value (%) p-value Forrest plot Funnel plot

12 0.29 S6a S7a

1 0.45 S8a S9a

55 0.006 S10a S11a

32 0.08 S6b S7b

22 0.19 S8b S9b

57 0.01 S10b S11b

0 0.84 S6c NA

0 0.35 S8c NA

0 0.99 S6d S7c

15 0.28 S8d S9c

60 0.008 S10c S11c
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Table 4
A meta-analysis for PTB compared to MTB at pre-, post- and the change in plaque scores 
on the RMNPI. Presented as overall and a subanalysis of the mode of action.

Heterogeneity was tested by the chi-square test and the I2 statistic. A chi-square test resulting in a p < 0.1 was considered an indication of 
significant statistical heterogeneity. As an approximate guide for assessing the magnitude of inconsistency across studies, an I2 statistic of 0–40% 
was interpreted as potentially not important, and for a statistic above 40%, a moderate to considerable heterogeneity may be present.

DiffM = Difference of Means, CI = Confidence Interval, PI = Plaque Index, OR = oscillating-rotating, 
SS = side-to-side, NA = Not Applicable

Moment Comparisons Model DiffM Test for overall

95% CI p-value

O
v
e
ra

ll

Pre 8 comparisons random 0.01 [0.00; 0.02] 0.02

Post 8 comparisons random -0.08 [-0.12; - 0.05] <0.001

Change 8 comparisons random -0.10 [-0.14; -0.06] <0.001

S
u

b
-

a
n

a
ly

si
s

Pre 7 SS comparisons random 0.01 [-0.00; 0.02] 0.06

Post 7 SS comparisons random -0.08 [-0.12; -0.03] 0.001

Change 7 SS comparisons random -0.10 [-0.15; -0.05] <0.001

S
u

b
a
n

a
ly

si
s 

o
n

ly
 C

o
lg

a
te

 P
TB

 

Pre 3 SS comparisons fixed 0.00 [-0.03; 0.04] 0.81

Post 3 SS comparisons fixed -0.11 [-0.14; -0.08] <0.001

Change 3 SS comparisons fixed -0.15 [-0.18; -0.12] <0.001
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4

Test for heterogeneity Online Appendix

I2 value (%) p-value Forrest plot Funnel plot

0 1.00 S12a NA

87 <0.001 S13a NA

90 <0.001 S14a NA

0 1.0 S12b NA

87 <0.001 S13b NA

91 <0.001 S14b NA

0 0.88 S12c NA

79 0.009 S13c NA

0 0.93 S14c NA
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Table 5 
Estimated evidence profile appraisal of the strength of the recommendation, and the 
direction regarding the use of the PTB compared to the MTB based on a single brush 
exercise on the plaque removal. 

Determinants of the Quality Plaque Score

Study design (Appendix S2) RCT/CCT

# Studies, (Figure 1) 
# Comparisons 

# 17 
# 36

Risk of bias (Appendix S1) Low to high

Consistency (table 2) Rather consistent

Directness Rather generalizable

Precision (Table 3a+b) Precise

Reporting bias Likely

Magnitude of the effect (Table 3a+b) Small

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

Strong

Direction of recommendation 
With respect to the removal of dental plaque there 
is moderate certainty to advice a PTB over a MTB

4. Discussion 

This review selected and included studies that evaluated the efficacy of a PTB 
compared with a MTB following a single brushing exercise on plaque removal. 
The efficacy of PTBs and MTBs was compared by assessing prebrushing and post-
brushing plaque scores following a single brushing exercise. A single brushing 
model provides a useful indication of the plaque removal ability of a toothbrush 
and facilitates control of confounding variables such as compliance, frequency 
of toothbrushing and probably even the Hawthorne and novelty effects.9,10,36,47 
Most of the included studies were previously used in the reviews regarding 
the efficacy of the MTB48 or the PTB.14 These reviews showed that on aver-
age the plaque removing efficacy for the MTB was 42% and 46% for the PTB.  
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4Rosema et al.14 showed that brushes with rechargeable batteries yield higher  
reductions in plaque scores then replaceable battery-operated designs.14 It was 
there-fore decided a priori to include only rechargeable PTBs in the present re-
view. Terézhalmy et al.28 was included in the SR of Rosema in 2016 as a replace-
able PTB, but after critically re-reading the paper, it was excluded in this review  
because in the description of the brush, it was mentioned that this was a pro-
totype and a special rechargeable battery was used. In addition, as a result of a 
search update, new studies (Re et al.43, Gallob et al.44, Kurtz et al.45 and Kulkarni 
et al.46) could be included. Consequently, the present review included in total of 
17 studies with 36 comparisons and observed a small but statistically significant 
higher level of efficacy in plaque removal in favour of the PTB. The differences 
in mode of action on the efficacy of a PTB are interesting. The overall data in 
the MA include all modes of action. In the subanalysis, only OR and SS could 
be taken into account. From this subanalysis, it is shown that both the OR and 
SS mode of action are more effective than the MTB. As for brands, the subana-
lysis showed that the OR P&G PTB and the SS Colgate PTB are more effective 
than the MTB. However, the direct comparison between OR and SS cannot be  
deduced from the outcome of this review. 

4.1 Plaque indices 
The RMNPI18 and the Q&HPI15 and their modifications are the two indices 
most commonly used for assessing plaque removal efficacy with toothbrushes.  
Although these indices score plaque in different ways, there appears to be a 
strong positive correlation between them.49 The MA showed that the PTB is 
more effective than the MTB, independent of the overall plaque score used  
(Appendices S6a, S8a, S10a, S12a, S13a, S14a). Sicilia et al.50 proposed some com-
mon minimum indexes which should be included in a study. From the data of 
their review, they deduced that the Q&HPI15 would be the most suitable. It is 
important for further SRs that clinical trials employ common indexes for the 
quantitative analysis.50 The choice of the index however appears to be based 
on an industry policy or a research facility opportunity. As a result, the manu-
facturers producing different modes of action PTB, use different plaque indices 
to evaluate the efficacy. In this review, most PTBs with the OR mode of action 
assessed the Q&HPI. In contrary, most PTB with the SS mode of action assessed 
the RMNPI. This may result in a reporting bias.

4.2 Publication bias and risk of bias 
The analysis of funnel plots provides a useful test for the possible presence of 
bias in the MA. The capacity to detect bias will be limited when MA is based 
on a few number of small trials due to the fact that the methods for detecting 
publication bias relate effect size to sample size.8,24 Publication bias in this SR 
might be subjectively inferred since the funnel shape is asymmetrical (Appen-
dices S7a-c, S9a-c, S11a-c). In the lower part of the funnel plots, studies are 
missing and the assumption is that these showed no beneficial effect and were 
therefore not published.24,51,52 Publication bias can therefore not be ruled out. 
In 14 studies, the instructions were given according to what the manufacturer 
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did advice. Only three studies gave written instructions to the users of the PTB 
but no instructions to the MTB users.34,37,45 This aspect can potentially introduce 
a bias as emphasis on the brushing method in the form of a written instruction 
can change the individual brushing skills. This may enhance the effect of the 
PTB over the MTB which will have an impact on the overall outcome. However, 
this was not apparent when a sensitivity analysis was performed. It does have 
an effect on the estimated potential risk of bias because the treatment was not 
identical for both the interventions.

4.3 Familiarization phase and learning effect 
Glavind et al.53 have suggested that the mere participation of a group in a pre-
ventive programme may in itself improve the level of oral hygiene. Lazarescu 
et al. (2003)29 evaluated the effect in efficient handling of a manual and PTB 
over an 18-week period. There appeared to be a significant learning effect that 
was more pronounced with the electric toothbrush in first-time users. Also,  
Van der Weijden et al. (2001)54 observed in a study with power toothbrushes a 
“learning effect” during the familiarization phase. Five included studies32,34,35,38,40 

used a familiarization phase before the single brushing experiment. We perfor-
med a sub-analysis to investigate the impact on plaque removal efficacy of such 
a period for the participants to become familiar with their assigned product. 
Statistical analysis (data not shown) demonstrated that there was no difference 
between studies that did, and those studies that did not include a familia- 
rization phase, neither on pre-brushing nor on post-brushing scores. This ra-
ther disappointing observation may be explained by the outcome of the study 
by Van Leeuwen et al.55 They found that a single oral hygiene instruction and  
3 weeks of home use did not significantly change the plaque scores from base-
line.

4.4 Indication for clinical practitioners 
Both the use of PTBs or MTBs has been reported to have positive effects on pla-
que and gingivitis reduction in many RCTs. Therefore, recommending the use 
of a toothbrush to patients is supported by evidence.56,57 Many factors may be 
of influence for the effectiveness of toothbrushes including filament arrange-
ment, filament orientation and angulation, filament size, filament shape and 
filament flexibility, brush-head size and brush-head shape. For PTBs, in parti-
cular, this may also be the brushing speed58 as well as the presence or absence 
and characteristics of a timer.4 The Cochrane Collaboration review concluded 
that the PTB reduces plaque and gingivitis more than a MTB both in the short 
and long term.8 Based on the present review, it is justifiable to state that inde-
pendent of the mode of action a PTB is more effective in reducing plaque as 
compared to a MTB.

4.5 Limitations 
The English language restriction could have introduced a language bias.  
However, over the years, the extent and effects of such a possible bias may have 
diminished because of the shift towards publication in English.11 Blinding for 
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4the participant was not possible due to the fact that they see and experience 
whether they use a PTB or a MTB which cannot be excluded. For the exami-
ners, blinding to the toothbrush is feasible. Blinding the examiner to the single 
brushing exercise deserves special attention mainly regarding the sound. Some 
of the studies have reported on this particular aspect.35,40,45 Only full publications 
were taken into account. No abstracts from scientific meetings or data on file of 
manufacturers were sought.

5. Conclusion 

There is moderate certainty that the PTB was more effective than the MTB with 
respect to plaque removal following a single brushing exercise independent of 
the plaque index score that was used.

6. Clinical relevance 

6.1 Scientific rationale for the study 
Toothbrushing is generally accepted as the most efficient oral hygiene  
method. Traditionally, MTBs are used, but the last decades’ PTBs became 
more popular. Data from a comparison of MTB vs PTB in single brushing exer-
cises have at present not been systematically evaluated. 

6.2 Principle findings 
PTB and MTB are both effective oral hygiene devices for removing dental 
plaque. There is a small but significant difference observed in plaque score 
reduction in favour of a PTB. 

6.3 Practical implications 
Consequently, for plaque removal in daily oral hygiene, with moderate  
certainty the PTB can be recommended over a MTB independent of the mode 
of action.
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Blinded to examiner* + + + + + +

Blinding during statistical analysis ? ? ? ? ? ?

Balanced experimental groups* + + + + + +
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Online Appendix S1 
Methodological quality and potential risk of bias scores of the individual 
included studies.



97

4
VII VIII IX X XI XII XIII XIV XV XVI XVII

Sh
ar

m
a 

et
 a

l. 
(2

00
6)

Pi
zz

o 
et

 a
l.

(2
01

0)

Sh
ar

m
a 

et
 a

l. 
(2

01
1)

N
at

ho
o 

et
 a

l. 
(2

01
2)

K
lu

ko
w

sk
a 

et
 a

l. 
(2

01
2)

N
at

ho
o 

et
 a

l. 
(2

01
4)

Ro
se

m
a 

et
 a

l. 
(2

01
4)

G
al

lo
b 

et
 a

l. 
(2

01
5)

Re
 e

t 
al

.
(2

01
5)

K
ur

tz
 

et
 a

l. 
(2

01
6)

K
ul

ka
rn

i 
et

 a
l. 

(2
01

8)

parallel cross 
over

cross 
over

cross 
over

cross-
over

parallel
Cross 
sec-

tional
parallel

cross-
over

cross-
over

parallel

+ + + + + + NA + + + ?

? + + ? + ? - + ? + ?

NA NA NA NA NA NA NA NA NA NA NA

+ + + + + + + + + + ?

? ? ? ? ? ? ? ? ? ? ?

+ + + + + + + + + + +

+ + + + + + + + + + +

0 0 0 6 (7%)◊ 0 0 0 1 (1%)◊ 0 8 (8%)◊ 0

+ - + + + + + + + - +

+ + + + + + + + + + +

+ + + + + + + + + + +

? + + ? + ? - + ? + +

+ + + + + + + + + + -

+ + + + + + + + + + +

+ + + + + + + + + + +

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

full 
mouth

? ? ? ? ? ? ? ? ? ? ?

+ + + + + + + + + + +

? ? ? ? ? ? ? ? ? ? ?

+ + + + + + + + + + +

+ + ? + + + + + - - +

- - - - - - - - - - -

Low
Mode-
rate

Low Low Low Low Low Low Low
Mode-
rate

High

Each aspect of the score list was given a rating of ‘+’ for an informative description of the item concerned and a study design meeting the quality 
standard, ‘-’ for an informative description without a study design that met the quality standard, and ‘?’ for lacking or insufficient information. 
When random allocation, defined eligibility criteria, blinding of examiners, balanced experimental groups, identical treatment between groups (ex-
cept for intervention), and report of follow-up were present, the study was classified as having a low risk of bias. When one of these seven criteria 
was missing, the study was considered to have a moderate potential risk of bias. When two or more of these criteria were missing, the study was 
considered to have a high potential risk of bias, as proposed by Van der Weijden et al. (2009). For abbreviations, see Table 2.

⌂⌂American Dental Association (ADA), Council on Scientific Affairs, Acceptance program Requirements; Toothbrushes (2016).
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Appendix S2
Overview of the studies processed for data extraction.

Authors (year)

Study design

Plaque Index

# Participants 
baseline (end),

Gender, 

Age 
(mean/range), 

Oral Prophylaxis
(OP)

Mode of action 
per group/
brands

Instruction method (I),

Brushing duration 

Hours of plaque 
accumulation

Killoy et al. (1989)30

RCT

Parallel

Q&H

24(24)

♀: ?  ♂: ?

Mean age: ?
Age range: ?

?

CO-PTB
(?)

MTB
(?)

I: visual

3 minutes

?

Khocht et al. (1992)31

RCT

Parallel

Q&H

64◊ (63◊)

♀: ?  ♂: ?

Mean age: ?
Age range:?

?

CO-PTB
(Interplak)

MTB 
(Oral-B 40)

I:visual

un-restricted

overnight

Van der Weijden et al. 
(1996)32

RCT

Cross over

Q&H

20 (20)

♀: ?  ♂: ?

Mean age: ?
Age range:?

?

OR-PTB
(Braun Plak Control)

CO-PTB
(Interplak)

Cir-PTB
(Rotadent)

MTB
(?)

I: ?

2 minutes

23-25 h

Heasman et al. (1999)33

RCT

Parallel 

Q&H

75 (74)

♀: ?  ♂: at least 10

Mean age: ?
Age range: 18-25

OP

OR-PTB
(Philips Jordan HP 735)

OR-PTB
(Braun Oral-B D7)

MTB 
(Oral-B 35 ad-vantage)

I:visual

90 seconds

24 h



99

4
Participant exclusion criteria Conclusions of the original authors

<3 month AB

<50% plaque

The CO-PTB brush was superior to the MTB in reducing supragingival 
plaque.

periodontal disease

dental neglect

< 15 teeth

GI score (Löe) < 0.9 

plaque score < 1.8 

Each of the 3 brushes was effective in reducing plaque for every 
tooth surface scored. Between group analysis showed that CO-PTB 
was better than the MTB

periodontal disease

< 24 teeth

>25% plaque

The PTB are more effective in plaque removal than the MTB.

periodontal disease 

removable prosthesis

dental neglect

< 20 teeth

There were no significant differences for PI between groups following 
supervised brushing at 24h.
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Renton-Harper et al. 
(2001)34

RCT

Cross over
washout 2,5 days

Q&H

16 (16)

♀: 10  ♂: 6

Mean age: ?
Age range: 23-41

OP

OR-PTB
(Braun Oral-B Plaque 
Remover D5)
OR-PTB
(Braun Oral-B Plaque 
Remover D9)

MTB
(Oral-B 35)

I: 
PTB >written

MTB> none
30 seconds
60 seconds
120 seconds

4 d

Moritis et al. (2002)35

RCT

Cross over
No washout 

Q&H

25 (25)

♀: 17  ♂: 8

Mean age: 45.3 (10.9)
Age range: ?

OP

SS-PTB
(Sonicare Elite)

MTB 
(Oral-B 35)

I: written

2 minutes

12-18 h

Sharma et al. (2006)36

RCT

Parallel

RMN

144 (144)

♀: 96  ♂: 48

Mean age: 37.5 (10.94)
Age range: 19-66

No OP

SS-PTB
(Sonicare Elite)

SS-PTB
(Oral-B Sonic Complete)

SS-PTB
(Waterpik Sensonic)

MTB
(Oral-B 35 Indicator)

I: none

2 minutes

23-25 h

Pizzo et al. (2010)37

RCT

Cross over

Washout ?

Q&H

66 (66)

♀:28  ♂: 38

Mean age: 36.5 (10.1) 
Age range: 18-59

OP

OR-PTB
(Oral-B PC 8500)

MTB
(Oral-B Crossaction 
Vitalizer)

MTB
(Oral-B Indicator)

I:
PTB> written
MTB> none
1 minute

23-25 h

Sharma et al.  (2011)38

RCT

Cross over
Washout ?

RMN

40 (40)

♀:28  ♂: 12

Mean age: 42.3 (11.36) 
Age range: 20-69

?

OR-PTB
(Oral-B Professional 
Care 1000)

MTB
(Oral-B Indicator)

I: written

2 minutes

24 h
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4
orthodontics

removable prosthesis

plaque score < 1.5 or > 2.5 

The present study showed greater benefits from the use of electric 
brushes.

periodontal disease

orthodontics

dental neglect 

> 20 teeth

plaque score > 1.80

The SS-PTB achieved a significantly greater reduction in plaque than 
the MTB.

periodontal disease

orthodontics

removable prosthesis

dental neglect

< 20 teeth

plaque score < 0.6

Two out of the three SS-PTB compared favorably to the MTB.

periodontal disease

orthodontics

removable prosthesis

< 20 teeth.

plaque score < 2.0

<3 month antimicrobial agents

The OR-PTB demonstrated to be more effective in plaque control 
than the 2 MTBs.

dental neglect 

< 16 teeth

The OR-PTB with a novel brush head showed statistically significantly 
superior plaque reduction compared to a MTB.
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Nathoo et al. (2012)39

RCT

Parallel

RMN

82 (76)

♀: 51  ♂: 25

Mean age: 43
Age range: 18-66

?

SS-PTB
(Colgate Pro Clinical 
A1500 Triple clean 
brush head)

MTB
(Oral-B Indicator)

I: written

2 minutes

24 h

Klukowska et al. 
(2012)40

RCT

Cross over
washout 2-5 days

Q&H

36 (36)

♀: 31  ♂: 5

Mean age: 45.6 (8.63)
Age range: 25-60

?

OR-PTB 
(with SS movement)
(Oral-B Vitality TriZone)

MTB
(?)

I: written

2 minutes

23-25 h

Nathoo et al. (2014)41

RCT

Parallel

RMN

120 (120)

♀: 71  ♂: 49

Mean age: 41.4 
Age range: 18-67

?

SS-PTB
(Colgate Pro Clinical 
C200 Triple clean brush 
head)

SS-PTB
(Colgate Pro Clinical 
C200 Sensitive clean 
brush head)

MTB
(Oral-B indicator)

I: written

2 minutes

24 h

Rosema et al. (2014)42

CCT

Cross sectional

Q&H

181 (181)

♀:125  ♂: 56

Mean age: 22.7
Age range: 18-35

?

OR-PTB
(?)

MTB
(?)

I:none

unrestricted

48h

Re et al. (2015)43

RCT

Cross over
washout 2-5 days

Q&H

40 (40)

♀:22  ♂: 18

Mean age: 24 (3.5)
Age range: 18-32

?

SS-PTB
(Philips Sonicare 
DiamondClean 300)

MTB 
(Butler Gum 409 
Compact Soft)

I: visual

2 minutes

23-25 h
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4
periodontal disease

orthodontics

removable prosthesis

dental neglect

< 20 teeth

GI score (Löe) < 1.0 

plaque score < 0.6

The SS-PTB provides sta-tistically significant and clinically relevant 
levels of efficacy in the removal of supragingival dental plaque after a 
single tooth brushing compared to a MTB.

periodontal disease
orthodontics

removable prosthesis

dental neglect

< 16 teeth

Comparing the brushes, the SS-PTB provided a significantly superior 
mean whole mouth plaque reduction relative to the manual brush 
control.

periodontal disease

orthodontics

removable prosthesis

dental neglect

<20 teeth

plaque score < 0.6

GI score (Löe) < 1.0 

Both SS-PTB’s provides statistically significant and clinically relevant 
levels of efficacy in the removal of supragingival dental plaque when 
compared to a manual flat-trim toothbrush.

periodontal disease

orthodontics

removable prosthesis

dental neglect

< 20 teeth

daily user OR-PTB 

The PTB removed significantly more plaque than the MTB.

periodontal disease

orthodontics

removable prosthesis

< 24 teeth

In subjects without any previous experience of a similar technology, 
the SS-PTB showed a significantly greater plaque reduction compared 
to the MTB.
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Gallob et al. (2015)44

RCT

Parallel

RMN

80 (79)

♀: 58  ♂: 21

Mean age: 49.3 
Age range: 19-69

?

SS-PTB
(Colgate ProClinical 
A1500)

MTB
(Oral-B Indicator)

I: written

2 minutes

24 h

Kurtz et al. (2016)45

RCT

Cross over
washout 2-5 days

Q&H

95 (87)

♀:54  ♂: 41

Mean age: 30.2 (11.87)
Age range: 18-67

?

OR-PTB
(Oral-B Vitality D12)

MTB
(?)

I:
PTB> written
MTB> none

PTB:2 minutes
MTB:1 minute

24h

Kulkarni et al. (2018)46

RCT

Parallel

Q&H

45

♀:30  ♂: 15

Mean age: ? 
Age range: 18-25

?

OR-PTB
(Oral-B 2D)

MTB
(Oral-B 40 advantage)

I: written

2 minutes

24 h

* OR = Oscillating Rotating, SS = Side to Side, CO = Counter-Oscillation, Cir = Circular, AB = antibiotics
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4
periodontal disease

orthodontics

removable prosthesis

dental neglect

<20 teeth

plaque score ≥ 0.6

Compared to the MTB, the SS-PTB demonstrates statistically and clini-
cally significantly greater levels of plaque removal.

periodontal disease

orthodontics

removable prosthesis

dental neglect

< 16 teeth

The OR-PTB removed significantly more plaque than the MTB.

dental neglect

< 20 teeth

never used PTB

smoking

<1 month medication

All individuals within both groups showed re-duction in PI.
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Appendix S3
Overview of the studies processed for data extraction.

Paper Equation N Brushing mean (SD)

Pre Post DIFF

Absolute %

Killoy 
et al. (1989)

CO-PTB 12 2.5 0.63 -1.87◊ 75◊

MTB 12 2.47 1.34 -1.13◊ 46◊

Khocht 
et al. (1992)

CO-PTB 32 V1 2.27 (0.36) 1.52 (0.36) -0.75 (0.41) 33◊

MTB 31 V1 2.20 (0.42) 1.58 (0.40) -0.62 (0.35) 28◊

CO-PTB 32 V4 1.84 (0.32) 1.47 (0.37) -0.37 (0.28) 20◊

MTB 31 V4 1.86 (0.46) 1.45 (0.37) -0.40 (0.32) 22◊

Van der 
Weijden 
et al. (1996)

OR-PTB 20 2.1 (0.3) 0.8 (0.3) -1.3◊ 62

CO-PTB 20 2.2 (0.3) 0.8 (0.3) -1.4◊ 64

Cir-PTB 20 2.2 (0.3) 0.9 (0.3) -1.3◊ 61

MTB 20 2.2 (0.3) 0.9 (0.3) -1.3◊ 57

Heasman 
et al. (1999)

OR-PTB 25 2.03 (0.55) 0.82 (0.54) -1.21◊ 60◊

OR-PTB 25 2.17 (0.58) 0.92 (0.42) -1.25◊ 58◊

MTB 24 2.27 (0.54) 1.05 (0.51) -1.22 ◊ 54◊

Renton-
Harper 
et al. (2001)

OR-PTB 16 3.137 (0.147) 2.481 (0.349) -0.656◊ 21◊

OR-PTB 16 3.205 (0.240) 2.464 (0.368) -0.741◊ 23◊

MTB 16 3.179 (0.208) 2.402 (0.414) -0.777◊ 24◊

OR-PTB 16 3.137 (0.147) 2.095 (0.433) -1.042◊ 33◊

OR-PTB 16 3.205 (0.240) 2.132 (0.467) -1.073◊ 33◊

MTB 16 3.179 (0.208) 2.020 (0.417) -1.159◊ 36◊

OR-PTB 16 3.137 (0.147) 1.736 (0.474) -1.401◊ 45◊

OR-PTB 16 3.205 (0.240) 1.775 (0.478) -1.430◊ 45◊

MTB 16 3.179 (0.208) 1.669 (0.358) -1.51◊ 47◊

Moritis 
et al. (2002)

SS-PTB 25 2.70 (0.40) 1.73 (0.47) -0.97◊ 36◊

MTB 25 2.55 (0.44) 1.89 (0.47) -0.66 ◊ 26◊

Pizzo 
et al. (2010)

OR-PTB 66 3.40 (0.67) 2.43 (0.78) -0.97 (0.43) 29◊

MTB 66 3.42 (0.69) 2.65 (0.86) -0.78 (0.38) 23◊

MTB 66 3.36 (0.8) 2.86 (0.9) -0.49 (0.33) 15◊

Klukowska 
et al. (2012)

OR-PTB with 
SS movement

36 2.146 (0.3551) ♦ 1.104 (0.4017) ♦ -1.042 (0.2174) ♦ 49

MTB 36 2.169 (0.3230) ♦ 1.196 (0.4080) ♦ -0.973 (0.2516) ♦ 45

Rosema
et al. (2014)

OR-PTB 91 2.80 (0.450) 1.56 (0.471) -1.24 (0.301) 44◊

MTB 90 2.50 (0.366) 1.51 (0.349) -1.05 (0.268) 40◊

Re 
et al. (2015)

SS-PTB 40 1.85 (0.51) 0.66 (0.47) -1.19 (0.37) 64◊

MTB 40 1.83 (0.65) 0.78 (0.48) -1.05 (0.22) 57◊
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4
Kurtz 
et al. (2016)

OR-PTB 90 2.331 (0.4842) ♦ 1.604 (0.4353) ♦ -0.726 (0.2996) ♦ 31

MTB 90 2.307 (0.5212) ♦ 1.741 (0.4293) ♦ -0.566 (0.2429) ♦ 25

OR-PTB 90 2.275 (0.4306) ♦ 1.527 (0.3770) ♦ -0.748 (0.2568) ♦ 33

MTB 90 2.272 (0.4501) ♦ 1.677 (0.3891) ♦ -0.594 (0.2158) ♦ 26

OR-PTB 60 2.325 (0.3954) ♦ 1.508 (0.4205) ♦ -0.817 (0.2705) ♦ 35

MTB 60 2.310 (0.4378) ♦ 1.597 (0.3662) ♦ -0.713 (0.2490) ♦ 31

OR-PTB Ex2b 
32

2.203 (0.5313) ♦ 1.555 (0.3931) ♦ -0.649(0.2470) ♦ 29

MTB Ex2b 
32

2.167 (0.4892) ♦ 1.695 (0.3953) ♦ -0.473 (0.2117) ♦ 22

Kulkarni 
et al. (2017)

OR-PTB 22 
V1

1.77 (0.34) 0.81 (0.39) -0.9568 (0.4233) ◊ 54◊

MTB 23 
V1

1.56 (0.44) 0.61 (0.34) -0.9461 (0.4066) ◊ 61◊

OR-PTB 22 
V2

1.43 (0.56) 0.54 (0.36) -0.8845 (0.3938) ◊ 62◊

MTB 23 
V2

1.53 (0.54) 0.58 (0.42) -0.9570 (0.4088) ◊ 62◊

OR-PTB 22 
V3

0.98 (0.45) 0.25 (0.19) -0.7246 (0.3701) ◊ 74◊

MTB 23 
V3

0.88 (0.37) 0.29 (0.24) -0.5922 (0.3236) ◊ 67◊

OR-PTB 22 
V4

0.70 (0.44) 0.13 (0.13) -0.5664 (0.4223) ◊ 81◊

MTB 23 
V4

0.71 (0.31) 0.17 (0.19) -0.5370 (0.2619) ◊ 76◊

◊ Calculated by the authors when not provided in the manuscript. 
♦ data provided by the author
□ = no data available
OR = Oscillating Rotating, SS = Side to Side, CO = Counter rotating, Cir = Ciculair Calculations for PRE, POST, DIFF means based on
the formula: POST= PRE-DIFF. 

The standard deviations calculations were based on the formula: (SD=SE*√N).
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Appendix S4
Studies using the Rustogi modified Navy plaque index (RMNPI).

Paper Equation N Brushing mean (SD)

Pre Post DIFF

Absolute %

Sharma 
et al. (2006)

SS-PTB 35 0.66 (0.04) 0.16 (0.09) -0.50 (0.08) 76◊

SS-PTB 36 0.66 (0.04) 0.11 (0.06) -0.54 (0.05) 82◊

SS-PTB 36 0.66 (0.04) 0.07 (0.05) -0.59 (0.05) 89◊

MTB 37 0.65 (0.03) 0.14 (0.07) -0.51 (0.06) 78◊

Sharma 
et al. (2011)

OR-PTB 40 0.632 (0.0223) 0.076 (0.0260) -0.556 (0.0268) 88

MTB 40 0.625 (0.0264) 0.195 (0.0557) -0.431 (0.0427) 69

Nathoo
et al. (2012)

SS-PTB 40 0.75 (0.09) 0.35 (0.08) -0.40 (0.08) 53◊

MTB 36 0.74 (0.09) 0.49 (0.08) -0.25 (0.05) 34◊

Nathoo 
et al. (2014)

SS-PTB 40 0.71 (0.10) 0.30 (0.10) -0.41 (0.07) 58

SS-PTB 40 0.75 (0.11) 0.32 (0.10) -0.43 (0.09) 57

MTB 40 0.72 (0.14) 0.45 (0.13) -0.27 (0.15) 38

Gallob 
et al. (2015)

SS-PTB 39 0.66 (0.04) 0.27 (0.07) -0.39 (0.06) 59

MTB 40 0.65 (0.04) 0.41 (0.09) -0.24 (0.07) 37

◊ Calculated by the authors when not provided in the manuscript. 
♦ data provided by the author
□ = no data available
OR = Oscillating Rotating, SS = Side to Side, 
Calculations for PRE, POST, DIFF means based on the formula: POST= PRE-DIFF. 

For standard deviations calculations were based on the formula: (SD=SE*√N).
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4Appendix S5
A descriptive summary of statistical significance of PTB compared to MTB Quigley-Hein 
plaque index (Q&H) Rustogi modified Navy plaque index (RMN).

Study # Intervention by mode 
of action 

Plaque score Comparison

Q&H Van der Weijden et al. (1996) OR-PTB + MTB

Heasman et al. (1999) OR-PTB 0 MTB

OR-PTB 0 MTB

Renton-Harper et al. (2001) OR-PTB 0 MTB

OR-PTB 0 MTB

OR-PTB 0 MTB

OR-PTB 0 MTB

OR-PTB 0 MTB

OR-PTB 0 MTB

Pizzo et al. (2010) OR-PTB + MTB

OR-PTB + MTB

Pizzo et al. (2010) OR-PTB + MTB

Kurtz et al. (2016) OR-PTB + MTB

OR-PTB + MTB

OR-PTB + MTB

OR-PTB + MTB

Kulkarni et al. (2018) OR-PTB ? MTB

OR-PTB ? MTB

OR-PTB ? MTB

OR-PTB ? MTB

RMN Sharma et al. (2011) OR-PTB + MTB

Q&H Moritis et al. (2002) SS-PTB + MTB

Re et al. (2015) SS-PTB + MTB

RMN Sharma et al. (2006) SS-PTB + MTB

SS-PTB + MTB

SS-PTB + MTB

Nathoo et al. (2012) SS-PTB + MTB

Nathoo et al. (2014) SS-PTB + MTB

SS-PTB + MTB

Gallob et al. (2015) SS-PTB + MTB

Other Killoy et al. (1989) CO-PTB + MTB

Khocht et al. (1992) CO-PTB ? MTB

CO-PTB ? MTB

Van der Weijden et al. (1996) CO-PTB + MTB

Klukowska et al. (2012) OR-PTB with SS movement + MTB

Van der Weijden et al. (1996) Cir-PTB + MTB

+ = significant difference in favor of the PTB, - = significant difference in favor of the MTB, 0 = no significant difference, 
? = unknown, OR = Oscillating Rotating, SS = Side to Side, CO = Counter rotating, Cir = Ciculair
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Appendix S6a
Forest plot of the overall analysis for PTB compared to MTB at pre-brushing in
plaque scores on the Q&HPI.
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4Appendix S6b
Forest plot of the random subanalysis for the OR mode of action for PTB 
compared to MTB at pre-brushing in plaque scores on the Q&HPI.
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Appendix S6c
Forest plot of the fixed subanalysis for the SS mode of action for PTB compared to MTB 
at pre-brushing in plaque scores on the Q&HPI.
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4Appendix S6d
Forest plot of the random sub-analysis for the OR mode of action by product (P&G) for 
PTB compared to MTB at pre-brushing in plaque scores on the Q&HPI.

Appendix S7a
Funnel plot for the overall analysis for PTB compared to MTB at pre-brushing in plaque 
scores on the Q&HPI.
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Appendix S7b
Funnel plot for the random sub-analysis for the OR mode of action for PTB compared to 
MTB at pre-brushing in plaque scores on the Q&HPI.

Appendix S7c
Funnel plot for the random sub-analysis for the OR mode of action by product 
(P&G) for PTB compared to MTB at pre-brushing in plaque scores on the Q&HPI.
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4Appendix S8a
Forest plot of the overall analysis for PTB compared to MTB at post-brushing in plaque 
scores on the Q&HPI.
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Appendix S8b
Forest plot of the random sub-analysis for the OR mode of action for PTB 
compared to MTB at post-brushing in plaque scores on the Q&HPI.
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4Appendix S8c
Forest plot of the fixed sub-analysis for the SS mode of action for PTB compared to MTB 
at the post-brushing in plaque scores on the Q&HPI.
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Appendix S8d
Forest plot of the random sub-analysis for the OR mode of action by product (P&G) for 
PTB compared to MTB at post-brushing in plaque scores on the Q&HPI.

Appendix S9a
Funnel plot for the overall analysis for PTB compared to MTB at post-brushing in plaque 
scores on the Q&HPI.
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4Appendix S9b
Funnel plot for the random sub-analysis for the OR mode of action for PTB compared to 
MTB at post-brushing in plaque scores on the Q&HPI.

Appendix S9c
Funnel plot of the random sub-analysis for the OR mode of action by product (P&G) for 
PTB compared to MTB at post-brushing in plaque scores on the Q&HPI.
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Appendix S10a
Forest plot of the overall analysis for PTB compared to MTB at the change in plaque 
scores on the Q&HPI.
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4Appendix S10b
Forest plot of the random sub-analysis for the OR mode of action for PTB compared to 
MTB at the change in plaque scores on the Q&HPI.

Appendix S10c
Forest plot of the random subanalysis for the OR mode of action by product (P&G) for 
PTB compared to MTB at the change in plaque scores on the Q&HPI.



122

Appendix S11a
Funnel plot of the overall analysis for PTB compared to MTB at the change in plaque 
scores on the Q&HPI.

Appendix S11b
Funnel plot of the random subanalysis for the OR mode of action for PTB compared to 
MTB at the change in plaque scores on the Q&HPI.



123

4Appendix S11c
Funnel plot of the random sub-analysis for the OR mode of action by product (P&G) for 
PTB compared to MTB at the change in plaque scores on the Q&HPI.

Appendix S12a
Forest plot of the overall analysis for PTB compared to MTB at pre-brushing in plaque 
scores on the RMNPI.
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Appendix S12b
Forest plot of the random sub-analysis for the SS mode of action for PTB 
compared to MTB at pre-brushing in plaque scores on the RMNPI.

Appendix S12c
Forest plot of the random sub-analysis for the SS mode of action by product 
(Colgate) for PTB compared to MTB at pre-brushing in plaque scores on the RMNPI.
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4Appendix S13a
Forest plot of the overall analysis for PTB compared to MTB at post-brushing in plaque 
scores on the RMNPI.

Appendix S13b
Forest plot of the random subanalysis for the SS mode of action for PTB compared to 
MTB at post-brushing in plaque scores on the RMNPI.
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Appendix S14a
Forest plot of the overall analysis for PTB compared to MTB at the change in plaque 
scores on the RMNPI.

Appendix S13c
Forest plot of the random subanalysis for the SS mode of action by product (Colgate) for 
PTB compared to MTB at post-brushing in plaque scores on the RMNPI.
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4Appendix S14b
Forest plot of the random subanalysis for the SS mode of action for PTB compared to 
MTB at the change in plaque scores on the RMNPI.

Appendix S14c
Forest plot of the random subanalysis for the SS mode of action by product (Colgate) for 
PTB compared to MTB at the change in plaque scores on the RMNPI.
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Abstract

Focused question:
What is the effectiveness of a chlorhexidine (CHX) mouthwash used in combina- 
tion with a sodium lauryl sulphate (SLS) dentifrice on the parameters of plaque 
and gingivitis? 

Material and methods:
MEDLINE-PubMed, Cochrane CENTRAL, EMBASE and other electronic data-  
bases were searched up to July 2014. The inclusion criteria were (randomized)  
controlled clinical trials, subjects ≥18 years of age with good general health. 
Papers evaluating the effect of CHX mouthwash used in combination with SLS 
dentifrice or a dentifrice slurry compared with CHX mouthwash as a single 
oral hygiene intervention or in combination with an SLS-free dentifrice were   
included. From the eligible studies, data were extracted, and a meta-analysis 
was performed when feasible.

Results:
Independent screening of 83 unique papers resulted in four eligible publica-  
tions, with nine comparisons. The meta-analysis showed that when an SLS   
dentifrice was used as a slurry rinse, the interference on the plaque-inhibiting 
effect of a CHX mouthwash was significantly decreased (MD 0.33; p ≤ 0.00001; 
95% CI: <0.24; 0.42>). No significant difference was observed when SLS dentifrice 
was  applied as a paste in combination with CHX mouthwash (MD 0.08; p = 0.42;   
95% CI: <0.26; 0.11>). Descriptive and subgroup analyses support these findings. 
Moreover, the observed effect for the dentifrice paste occurred regardless of 
the order of use. 

Conclusion:
This review demonstrates that when CHX mouthwash is recommended, it 
can be used in combination with an SLS dentifrice without any interference   
regarding its inhibiting effect on dental plaque, regardless of the order of 
use. Consequently, the collective evidence indicates that the combined use of   
dentifrice and CHX mouthwash is not contraindicated. However, this   
recommendation has been graded as moderate taking into account a potential 
publication bias because three of the four included studies emerged from the 
same research group.
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51. Introduction 

Adequate oral hygiene is an essential habit for maintaining oral health.1   
A recent systematic review assessing efficacy in terms of dental plaque removal 
concluded that following a single toothbrushing exercise, the plaque reduction 
is 42%, on average.2 Efforts for adequate oral hygiene are often compromi- 
sed by the presence of hard-to-reach areas, as well as inadequate skill, poor   
motivation and lack of compliance.3 The adjunctive use of an antiseptic 
agent may therefore be justified. After three decades of use in oral medicine,   
chlorhexidine mouthwash (CHX) is considered the leading cationic anti-  
septic to combat biofilms in supragingival and oral mucosal sites.4,5 The most  
commonly used foaming agent in dentifrices is the anionic surfactant sodium  
lauryl sulphate (SLS). SLS assists in the solubilization of flavouring agents and  
active dentifrice ingredients.6 In vitro, SLS and CHX may act as antagonists.7 

In  addition, rinsing with an aqueous solution of SLS prior to rinsing with CHX 
mouthwash significantly decreases the antiplaque effect of CHX in vivo.8 
Based on these findings, a previous systematic review on the use of SLS   
dentifrice and CHX mouthwash concluded that the interval between tooth-
brushing and rinsing should be more than 30 min or, to be cautious, closer to   
2h.6 Therefore, when a CHX mouthwash is advised, the general recommendation 
for daily practice is to either use an SLS-free dentifrice9 or to wait for at least   
30 min after brushing before rinsing.6 However, more recent in vivo studies have 
shown no significant difference in plaque accumulation when CHX mouth-wash 
was used after brushing with an SLS dentifrice. Consequently, the authors  con-
cluded that CHX rinsing can be preceded by normal, daily brushing.10 These  
contradictory results justified a comprehensive search and systematic analysis of 
the current available literature. There is a practical need for such a systematic  
review to guide dental care professionals in making an evidence-based decision.
This review aimed to systematically analyse the literature on the effectiveness 
of CHX mouthwash used in combination with SLS dentifrice on the parameters 
of plaque and gingivitis.

2. Material and methods 

This systematic review was conducted in accordance with the guidelines of 
Transparent Reporting of Systematic Reviews and Meta-analyses.11,12

2.1 Focused question 
What is the effectiveness of CHX mouthwash on the parameters of plaque and 
gingivitis when used in combination with SLS dentifrice or SLS dentifrice slurry 
compared with the use of CHX mouthwash as a single oral hygiene intervention 
or in combination with an SLS-free dentifrice?
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2.2 Search strategy 
With the aid of a clinical librarian, a structured search strategy was desig- 
ned to retrieve all relevant studies that evaluated the effectiveness of CHX 
mouthwash with an SLS-containing dentifrice or SLS dentifrice slurry on the   
parameters of plaque and gingivitis. The National Library of Medicine,   
Washington, D. C. (MEDLINE-PubMed), the Cochrane Central Register of   
Controlled Trials (CENTRAL) and EMBASE (Excerpta Medical Database by   
Elsevier) were searched from inception to July 2014 for appropriate papers 
that answered the focused question. The reference lists of the included studies 
were hand-searched to identify additional potentially relevant studies. Further- 
more, the national Dutch trial register (www.trialregister.nl) and international 
trial registries (www.controlled-trials.com, ClinicalTrials.gov) were searched for  
relevant unpublished or ongoing studies. In addition, the following  database 
sources were searched for possible relevant studies that had not reached full  
publication: OpenGrey (www.opengrey.eu/), British Library Inside  
(inside.bl.uk/), the European Federation of Periodontology (www.epf.net), 
the International Association for Dental Research (www.iadr.org), Web of  
Science and BIOSIS Previews (www.ovid.com). For details regarding the search 
terms used, see Box 1.

Box 1 
Search terms used for PubMed-MEDLINE, Cochrane-CENTRAL and EMBASE.  
The search strategy was customized according to the database being searched. 
The following strategy was used in the search: 

{<condition> AND <vehicle of use> AND <intervention)}
[Condition]
{<(MeSH terms) chlorhexidine OR (text words) chlorhexidine OR chlorhexidine  
digluconate OR chlorhexidine gluconate OR zinc-chlorhexidine OR chlorhexidine 
gluconate lidocaine hydrochloride OR CHX OR chlorhexidine phosphanilate OR CHX 
formulations chlorhexidine di-acetate>
AND 
[vehicle of use]
<(MeSH terms) Mouthwashes OR Toothpastes OR Dentifrices OR (text words) Mouth-
washes OR Mouthwash OR mouthwash* OR mouthrinses OR mouthrinse OR Tooth- 
paste OR Toothpastes OR Dentifrices OR Dentifrice OR gel>
AND
[intervention]
<(MeSH terms) sodium dodecyl sulfate OR (text words) sodium dodecyl sulp-hate OR 
sodium lauryl sulphate OR sodium dodecyl sulfate OR sodium lauryl sulfate OR SLS OR 
SDS OR Natrium dodecyl sulphate OR Natrium lauryl sulphate OR Natrium dodecyl 
sulfate OR Natrium lauryl sulfate OR NaDS OR NaL>}
The asterisk (*) was used as a truncation symbol.
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52.3 Screening and selection 
Titles and abstracts from the studies obtained by the searches were indepen- 
dently screened by two reviewers (TAE and DES) to select studies that poten-  
tially met the inclusion criteria. No language restrictions were imposed. Based 
on the title and abstract, the full-text versions of potentially relevant papers 
were obtained. These were categorized (TAE and DES) as definitely eligible, 
definitely not eligible or questionable. Disagreements concerning the eligibility 
were resolved by consensus or if disagreement persisted, by arbitration through 
a third reviewer (GAW). The papers that fulfilled all of the inclusion criteria 
were processed for data extraction. The inclusion criteria were as follows: 
 • Randomized controlled clinical trials (RCT) or controlled clinical 
  trials (CCT). 
 • Conducted in humans: 
   o ≥18 years of age; 
   o In good general health (no systemic disorder);  
   o No orthodontic treatment and/or removable prosthesis. 
 • Intervention: CHX mouthwash combined with an SLS-containing 
  dentifrice or rinsing with an SLS dentifrice slurry. 
 • Comparison: a CHX mouthwash alone or in combination with an 
  SLS-free dentifrice or SLS-free dentifrice slurry. 
 • Outcome evaluation parameters: plaque, bleeding or gingivitis scores

2.4 Assessment of heterogeneity 
The factors used to evaluate the heterogeneity of the outcomes of the different 
studies were as follows: 

•  Study design and evaluation period. 
•  Subjects characteristics and smoking habits. 
•  Study groups. 
• Side effects and industry funding.

 
2.5 Quality assessment 
Two reviewers (TAE and DES) independently scored the individual methodological 
qualities of the included studies using the checklist presented in the online   
Appendix S1. Quality criteria were assigned a positive sign (+) if an informa- 
tive description was present and if the study design met the methodological   
criteria, a negative sign (-) if an informative description was present, but 
the  study design did not meet the criteria, and a question mark (?) if   
information was missing or insufficient. A study was classified as having a  
‘low risk of bias’ when random allocation, defined inclusion/exclusion crite- 
ria, blinding to patient and examiner, balanced experimental groups, identical 
treatment between groups (except for the intervention) and reporting of   
follow-up were present. Studies that had six of these seven criteria were   
considered to have a potential moderate risk of bias. If two or more of these   
seven criteria were absent, the study was considered to have a high risk of bias.13
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2.6 Data extraction 
The characteristics of the population, intervention, comparison and outcomes 
were extracted independently from all studies by two reviewers (TAE and DES) 
using a specially designed data extraction form. Disagreement between the   
reviewers was resolved through discussion and consensus. If a disagreement 
persisted, the judgment of a third reviewer (GAW) was decisive. Where possible, 
the authors calculated standard deviation based on the sample size (SE = SD/√N).
For those papers that provided insufficient data to be included in the analysis, 
the first or corresponding authors were contacted to request additional data.

2.7 Data analysis 
As a summary, a descriptive data presentation was used for all studies. Sub- 
sequently, where feasible, a meta-analysis was performed on subgroup analyses 
to explore possible effect size differences between the various interventions 
(SLS dentifrice or SLS dentifrice slurry) and the order of use. In studies that had 
multiple treatment arms and data from the control group were compared with 
more than one other group, the number of subjects (n) in the control group 
was divided by the number of comparisons. The mean difference (MD) bet- 
ween test and control was calculated using a ‘random- or fixed-effects’ model 
where appropriate [Review Manager (RevMan; Computer program), version 5.2 
for Windows, Copenhagen: The Nordic Cochrane Centre, The Cochrane Colla- 
boration, 2012]. A fixed-effect analysis was used if there were fewer than four 
studies because the estimate of between-study variance is poor for analyses 
with a low numbers of studies.14 Heterogeneity was tested by the chi-square 
test and the I2 statistic. A chi-square test resulting in a P < 0.1 was considered an 
indication of significant statistical heterogeneity. As an approximate guide for 
assessing the magnitude of inconsistency across studies, an I2 statistic of 0–40% 
was interpreted potentially not be important, and for a statistic above 40%,   
a moderate to considerable heterogeneity may be present. The formal testing 
for publication bias was used as proposed by Egger et al.15

2.8 Grading the ‘body of evidence’ 
The Grading of Recommendations Assessment, Development and Evaluation 
GRADE) was used to rank the evidence.16,17 Two reviewers (TAE and DES) rated 
the quality of the evidence and the strength of the recommendations according 
to the following aspects: study limitations, inconsistency of results, indirect- 
ness of evidence, imprecision and publication bias (Cochrane GRADE  software.   
www.tech.cochrane.org/revman/gradepro). Any disagreement between the  
two reviewers was resolved after additional discussion.
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53. Results

3.1 Search and selection results 
Searching the MEDLINE-PubMed, Cochrane-CENTRAL and EMBASE data-  
bases resulted in 83 unique papers (for details, see Fig. 1). Screening of the  
titles and abstracts resulted in seven papers, which were obtained in full text. 
Based on a detailed reading of the full texts, three papers were selected. The 
reasons for exclusion were because three studies investigated an aqueous so- 
lution of an SLS, which was part of a dentifrice formulation and therefore  
unsuitable for answering the focused question7,8,18, and one paper was a  
systematic review instead of an RCT6. Manual searching of the reference lists 
of the three papers selected provided one additional suitable paper9. A search  
of trial registers and grey literature revealed no additional suitable papers.   
Altogether, four eligible publications were included in this systematic review. 
These papers described nine comparisons, of which six included CHX mouth-
wash used in combination with SLS dentifrice compared with CHX mouthwash 
alone or in combination with an SLS-free dentifrice. There were three compa- 
risons of a CHX mouthwash used in combination with an SLS dentifrice slurry 
rinse with CHX mouthwash used alone.
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Figure 1 
Search and selection results.
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3.2 Assessment of heterogeneity
Some heterogeneity was observed in the four clinical trials with respect to study 
design (crossover, split-mouth design and parallel design) and the rinsing and 
dentifrice regimen used among the studies. Information regarding the study 
characteristics is shown in detail in Table 1. The following clinical indices for   
plaque scores and their modifications were used: the Turesky et al.19 modifi- 
cation of the Quigley and Hein20 plaque index and the Silness and Löe21 plaque 
index.

3.2.1  Study design and evaluation period 
All included studies were RCTs. A crossover design was used by Van Strydonck 
et al.22,23 and Owens et al.9 Van Strydonck et al.10 used a parallel design. The 
evaluation period was 4 days. The procedures for allocation concealment and 
masking (blinding) of the examiner were described in all of the selected studies. 
All studies provided a professional prophylaxis to remove all plaque, stain, and 
calculus at baseline.

3.2.2  Subject characteristics and smoking habits 
All studies included subjects in good general health. Regarding period-  
ontal health, the following definitions, criteria and diagnoses were used for 
inclusion: a healthy gingival condition9 and no pockets > 5 mm or attachment 
loss > 2 mm.10,22,23 None of the four studies reported the smoking status of the 
included participants, and consequently, this factor was not further analysed.

3.2.3  Study groups 
The studies performed by Van Strydonck10,22,23 used a 0.2% CHX mouthwash, 
whereas a 0.12% CHX mouthwash concentration was used by Owens et al.9 
An SLS dentifrice slurry rinse was used in Van Strydonck et al.10 and Owens et 
al.9 providing three comparisons in total. In two comparisons, the participants 
rinsed first with the SLS dentifrice slurry, followed by the CHX mouthwash, and 
in the other comparison, the reverse order was used. The SLS dentifrice slurry 
was prepared by the researchers or participants by dissolving 3 g of dentifrice 
in 10 ml of water. Of the six comparisons that used an SLS dentifrice10,22,23, four 
were compared with CHX mouthwash as the only oral hygiene intervention. 
Two comparisons used an SLS-free dentifrice following the CHX mouthwash. 
When an SLS dentifrice was used, as under normal daily situations, the remnants 
of the dentifrice were expectorated before rinsing with CHX mouthwash.10   
Regarding the order of use, in four comparisons, CHX mouthwash was used 
first, followed by SLS dentifrice, and in two comparisons, CHX mouthwash was 
used after the SLS dentifrice. 
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53.2.4 Side effects and industry funding 
The papers did not report any adverse events or side effects during the expe- 
riments. All studies mentioned the use of commercially available oral dental 
hygiene products (dentifrice, CHX mouthwash), but none acknowledged the 
manufacturers for their support nor specified how the study products were   
obtained (purchased or supplied by manufacturers). No study included a   
disclosure statement of a conflict of (financial) interest. Two of the five authors 
in the Owens et al.9 study had affiliations with the industry.

3.3 Methodological quality assessment 
To estimate a potential risk of bias, methodological qualities of the included 
studies were assessed following a checklist presented in Appendix S1. Based on 
a summary of the proposed criteria, the estimated potential risk of bias was low 
for all four selected studies. 

3.4 Study outcomes 
The Appendix S2 presents the data extraction results. Only data regarding  
plaque scores could be retrieved because none of the selected studies evaluated 
the effect of a CHX mouthwash and SLS dentifrice intervention on the parameters 
of gingivitis. The baseline, end and incremental changes within each intervention 
group are presented.
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Table 1
Overview of the studies processed for data extraction.

#
Authors 
(year)

Study design, 
duration

# Participants 
baseline (end), 
gender, age 
(mean/ range), 
Oral  prophylaxis 
(OP)

Groups

Brands

I 
Van Strydonck et al. 
(2004a) 

RCT

cross-over, split 
mouth, washout 
17 days

examiner blind

4 days

partial brushing

16 (16)

♀: ?
♂: ?

Mean age: ?
Age range: 24-29

OP

brush SLS DF+ H2O MW 
+ CHX MW
Colgate bi-fluor, 
Colgate Palmolive, Weesp, NL

CHX MW 
Corsodyl, GSK, Zeist, NL

II 
Van Strydonck et al. 
(2004b) 

RCT

cross-over split 
mouth, washout  
≥ 7 days

examiner blind

4 days

partial brushing

22 (21)

♀: 12
♂: 10

Mean age: ?
Age range: 20-49

OP

CHX MW + SLS DF 1.5%
Colgate Total, Colgate Palmolive, 
Weesp, NL

CHX MW + SLS DF 1.1%
Aquafresh Natural Whitening, 
GSK, Zeist, NL

CHX MW + SLS free DF
Zendium, Kortman Intradal, 
Sara Lee, Veenendaal, NL

CHX MW
Corsodyl, GSK, Zeist, NL

III 
Van Strydonck et al. 
(2006) 

RCT

parallel,
split mouth

examiner blind

4 days

partial brushing

120 (119)

♀: 66
♂: 54

Mean age: 43
Age range: 16-70

OP

DF slurry + CHX MW
Aquafresh regular, GSK Zeist. NL

Brushing with SLS DF + H2O 
MW + CHX MW
Aquafresh regular, GSK Zeist. NL

CHX MW
Corsodyl, GSK, Zeist, NL

IV
Owens et al. 
(1997)

RCT

cross-over washout 
10 days

examiner blind

4 days

non brushing

29 (20)

♀: 10
♂: 10

Mean age: 23.5◊
Age range: 21-38

OP

DF slurry + CHX MW
Colgate ColgatePalmolive, 
Guildford, UK

CHX MW + DF slurry
Peridex, Procter & Gamble, 
Cincinnati, USA

CHX MW and H2O H2O and 
CHX MW
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5
Regimen: use & instruction Conclusions of the original authors 

brushing DF jaw with a 1.5% SLS DF+ 10 
ml of H2O MW for 10 sec + 10 ml of 0.2% 
CHX MW for 60 s

10 ml of 0.2% CHX MW for 60 s no 
brushing

Brushing with a 1.5% SLS- containing DF followed by rinsing 
with water does not appear to reduce the level of plaque 
inhibition offered by a post-brushing 0.2% CHX rinse.

10 ml of 0.2% CHX MW for 60 s + 
brushing in the DF jaw for 2 min with 
a 1.5% SLS DF

10 ml of 0.2% CHX MW for 60 s + 
brushing in the DF jaw for 2 min with 
a 1.1% SLS DF

10 ml of 0.2% CHX MW for 60 s + 
brushing in the DF jaw for 2 min with 
a SLS-free DF

10 ml of 0.2% CHX MW for 60 s no 
brushing

The anti-plaque efficacy of a pre-brushing 0.2% CHX MW 
does not seem to be reduced under the influence of a normal 
tooth brushing exercise with a DF after rinsing, whether the 
DF contains SLS or not.

Rinsing with a 3 g/10 ml water DF slurry for 
60 s + CHX MW for 60 s

DF jaw brushing with 1 cm of a 1.5% SLS 
DF for 
60 s + H2O MW for 3 sec + CHX MW for 
60 s

CHX MW 0.2% 60 s

When 0.2% CHX MW was preceded by rinsing with an DF 
slurry, the anti-plaque efficacy of CHX was reduced. However, 
when everyday tooth brushing with an SLS DF preceded a 
0.2% CHX rinse, there was no significant difference from 
0.2% CHX alone.

3 g/10 ml sodium fluoride and sodium 
monofluorophosphate for 60 s + 10 ml 
of H2O

15 ml of 0.12% CHX MW for 60 s

15 ml of H2O for 60 s

DF slurry and CHX produced significantly increased plaque 
scores compared to CHX and water. The study suggests that 
CHX rinses would be less effective in reducing plaque when 
used with DF than when used alone.
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3.4.1 Between groups 
Table 2 summarizes the significant differences between the SLS regimen   
(dentifrice or dentifrice slurry) compared with a control regimen. Based on three 
comparisons, in which two used an SLS dentifrice slurry rinse, followed by CHX 
mouthwash, and one used a CHX mouthwash rinse, followed by an SLS denti- 
frice slurry, a significant reduction in CHX-induced plaque growth inhibition 
due to the SLS dentifrice slurry rinse was observed compared with the control 
intervention with a CHX mouthwash.9,10 Six comparisons, in which four rinsed 
first with a CHX mouthwash, followed by brushing with a dentifrice, and two 
brushed first with a dentifrice prior to rinsing with a CHX mouthwash, did not 
reveal a significant difference in plaque scores compared with the control.10,22,23

3.4.2  Meta-analysis 
The available data for plaque index scores assessed according to the criteria 
by Quigley and Hein20 were suitable for a meta-analysis, including those stu-
dies that used an SLS dentifrice slurry rinse and those that brushed with an 
SLS  dentifrice. Because all studies began with a thorough professional prophy- 
laxis, the intervention group was assumed to be similar to the control group 
at  baseline. Therefore, the meta-analysis was performed using the available 
data from the end-trial assessments. Figure 2 shows a visual overview of the   
meta-analysis, and Table 3 shows the detailed outcomes. In the three SLS   
dentifrice slurry comparisons10 and 9, CHX mouthwash alone was significant-
ly better than when used in combination with SLS dentifrice slurry (MD 0.33;   
P ≤ 0.00001; 95% CI: 0.24, 0.42; Appendix S3a). In groups using an SLS dentifrice 
slurry rinse, significant subgroup differences (based on the order of SLS dentifrice 
and CHX mouthwash use) were observed (P = 0.008), with an I2 of 85.9% and 
CHX rinsing performing significantly better after the SLS dentifrice slurry   
(Appendix S3a). When brushing with an SLS dentifrice in combination with a 
CHX mouthwash was compared with a CHX mouthwash alone or CHX mouth-
wash used in combination with an SLS-free dentifrice, no significant differences 
were observed (MD 0.08; P = 0.42; 95% CI: 0.26, 0.11; Appendix S3b). A further 
subanalysis indicated no significant subgroup differences (P = 0.85; I2 = 0%)   
between the combined use of CHX mouthwash and SLS dentifrice compared 
with either CHX mouthwash alone or in combination with an SLS-free dentifri- 
ce (Appendix S3b). For the brushing studies, no significant subgroup differen- 
ces were observed (P = 0.73; I2 = 0%) in terms of the order of use (Appendix 
S3c). Testing for publication bias could not be performed because <10 studies 
were included in the meta-analysis, which would result in insufficient statistical  
power.14,15
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5Table 2
A descriptive summary of statistical significance with SLS dentifrice slurry and 
SLS dentifrice.

Study # Intervention PS Comparison

SLS Dentifrice
Slurry

IV 
Owens 
et al. (1997)

CHX MW + DF slurry - CHX MW + H2O

IV 
Owens 
et al. (1997)

DF slurry + CHX MW - H2O + CHX MW

III 
Van Strydonck 
et al. (2006)

1.5% DF slurry + CHX MW - CHX MW

SLS Dentifrice III 
Van Strydonck 
et al. (2006)

1.5% SLS DF + CHX MW 0 CHX MW

I 
Van Strydonck 
et al. (2004a)

SLS DF + CHX MW 0 CHX MW

II 
Van Strydonck 
et al. (2004b) 

CHX MW + 1.5% SLS DF 0 CHX MW

II 
Van Strydonck 
et al. (2004b) 

CHX MW + 1.1% SLS DF 0 CHX MW + SLS free DF

II 
Van Strydonck 
et al. (2004b) 

CHX MW + 1.5% SLS DF 0 CHX MW + SLS free DF

II 
Van Strydonck 
et al. (2004b) 

CHX MW + 1.1% SLS DF 0 CHX MW

PS = plaque scores, MW = mouthwash, DF = dentifrice
+ = significant difference in favor of test group, - = significant difference in favor of control group, 0 = no significant difference, 
□ = no data available, ? = inconclusive data that does not allow conclusions concerning statistical significance
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Figure 2
Plaque scores using the Quigley and Hein (1962) plaque index for the experi-
ments using SLS dentifrice slurry and SLS dentifrice. Forrest plots demonstrating end 
scores by mean differences and 95% confi dence intervals. Sub analyses for SLS dentifrice 
slurry intervention regarding the order of use (SLS + CHX vs CHX + SLS). SLS dentifrice 
compared with an SLS-free dentifrice and CHX mouthwash or a CHX mouthwash only.

Plaque index (Quigley & Hein index)
MD (random) 95% CI

SLS DENTIFRICE SLURRY

SLS + CHX

III Van Strydonck et al. 2006

V Owens et al. 1997

Sub total

CHX + SLS

V Owens et al. 1997

Total MD 0.33
95% CI (0.24 ; 0.42)

-0,5 -0,375 -0,25 -0,125 0 0,125 0,25 0,375 0.5
favours with SLS favours control (no SLS)

SLS DENTIFRICE
CHX MW + SLS DF vs CHX MW + SLS free DF

II Van Strydonck et al. 2004 1,1% DF
II Van Strydonck et al. 2004 1,5% DF

Sub total

CHX MW + SLS DF vs CHX MW only

II Van Strydonck et al. 2004 1,1% DF
II Van Strydonck et al. 2004 1,5% DF
III Van Strydonck et al. 2006

Sub total

Total
MD -0.08

95% CI (-0.26 ; 0.11)

-0,5 -0,375 -0,25 -0,125 0 0,125 0,25 0,375 0.5

favours with SLS favours control (no SLS)

SLS DENTIFRICE
CHX MW + SLS DF

II Van Strydonck et al. 2004 1,1% DF
II Van Strydonck et al. 2004 1,5% DF
II Van Strydonck et al. 2004 1,1% DF
II Van Strydonck et al. 2004 1,5% DF

Sub total

SLS DF + CHX

III Van Strydonck et al. 2006

Sub total

Total MD -0.08
95% CI (-0.26 ; 0.11)

-0,5 -0,375 -0,25 -0,125 0 0,125 0,25 0,375 0.5

favours with SLS favours control (no SLS)

overall analysis

sub analysis
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5Table 3
Meta-analysis for the end scores of the Quigley and Hein (1962) plaque index comparing 
the effectiveness of a CHX mouthwash with and without the use of an SLS dentifrice. The 
vehicle of use was a dentifrice slurry  or a dentifrice as adjunct to tooth brushing. Sub 
analyses are presented by the order of use or comparison regimen.

Vehicle of
use

Included
studies

#comparisons

Model MD Test overall Test for 
heterogeneity

95% CI p-value I2 value 
(%)

p-value

SLS 
dentifrice 
slurry

III Van Strydonck 
et al. (2006),
IV Owens et al. (1997)
#3

Fixed 0.33 (0.24, 0.42) <0.00001 72 0.03

SLS + CHX * III Van Strydonck 
et al. (2006),
IV Owens et al. (1997)
#2

Fixed 0.44 (0.32, 0.56) <0.00001 0 0.95

CHX + SLS * IV Owens et al. (1997)
#1

Fixed 0.20 (0.07, 0.33) 0.003 NA NA

SLS 
dentifrice

II Van Strydonck 
et al. (2004b), 
III Van Strydonck et al. 
(2006)
#5

Fixed -0.08 (-0.26, 0.11) 0.42 0 1

SLS free 
dentifrice †

II Van Strydonck 
et al. (2004b)
#2

Fixed -0.10 (-0.41, 0.21) 0.53 0 1

CHX only † II Van Strydonck 
et al. (2004b), 
III Van Strydonck 
et al. (2006)
#3

Fixed -0.06 (-0.29, 0.17) 0.59 0 0.96

Order of 
use

II Van Strydonck 
et al. (2004b),
III Van Strydonck 
et al. (2006)
#5

Fixed -0.08 (-0.26, 0.11) 0.42 0 1

CHX + SLS * II Van Strydonck 
et al. (2004b)
#4

Fixed -0.10 (-0.33, 0.13) 0.39 0 1

SLS +CHX * III Van Strydonck 
et al. (2006)
#1

Fixed -0.03 (-0.35, 0.29) 0.85 NA NA

* Subanalysis on order of use
† Subanalysis on comparison regimen 
NA = Not applicable



144

3.5 Evidence profile 
Table 4 shows a Summary of Findings (SoF) of the factors used to rate the qua-
lity of evidence and strength of recommendations according to GRADE.17 Taken 
together, the strength of the recommendation emerging from this systematic 
review should be considered ‘low’ with respect to the use of an SLS dentifrice 
slurry rinse and ‘moderate’ with respect to the use of an SLS dentifrice in com-
bination with CHX mouthwash. Because three of the four selected studies were 
from the same research group, publication bias could be possible (for details of 
the quality of the evidence, see Appendix S4).

Table 4 
GRADE Summery of Findings (SoF) body of evidence profile for the effectiveness of CHX 
mouthwash on plaque scores when jointly used with SLS dentifrice on plaque scores and 
the order of use. 

For details, see Online appendix S4

CI: Confidence interval
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely  
to have an important impact on our confidence in the  estimate of effect and may change the estimate. Low quality: Further research is very 
likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are  
very uncertain about the estimate.
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and  
its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).  
† One research group

Plaque index Quigley & Hein

Intervention: SLS dentifrice + CHX mouthwash compared with CHX mouthwash 
Intervention: SLS slurry + CHX mouthwash compared with CHX mouthwash

Outcomes Illustrative comparative risks* 
(95% CI)

Relative
effect
(95% CI)

No of
Participants
(studies)

Quality
of the
evidence
(GRADE)

Assumed risk Corresponding risk

Control Plaque Q&H

SLS Dentifrice The mean SLS dentifrice in
the intervention groups was
0.08 lower (0.26 lower to
0.11 higher)

Not 
estimable

147
(5 studies) moderate†

SLS Slurry The mean SLS slurry in the
intervention groups was 
0.33 higher (0.24 lower to 
0.42 higher)

Not 
estimable

140
(3 studies) low†
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54. Discussion 

The bisbiguanide antiseptic CHX is presently the most thoroughly investiga-
ted antiplaque agent. It has been clinically tested and successfully used in den- 
tistry for various clinical applications for more than 40 years.24 Clinical studies  
with CHX-containing mouth rinses, ranging from 3 months to 2 years, have  
demonstrated significant reductions in plaque and gingivitis.25 In dentifrices,  
SLS is nowadays the most commonly used surfactant to enhance the foaming  
action of a dentifrice.26 Because CHX is a cationic ingredient and SLS is anionic, an  
interaction between the two may be expected. SLS has been reported to 
interfere with the antiplaque potent al of CHX through the formation of low- 
solubility salts.8 The present review showed that a CHX mouthwash can be 
used when recommended without any restrictions or inhibition of its effect in 
combination with normal daily use of an SLS dentifrice. From the comprehensive 
search, three papers matching the predefined eligibility criteria were retrieved  
and selected. All three papers were from the same first author10, 22, 23 and cited 
a paper by Owens et al.9, which was selected as the fourth included paper. An  
explanation for the absence of Owens et al.9 in the search outcomes cannot easily 
be provided. One reason could be that both the title and abstract of the paper 
did not mention SLS. Furthermore, database indexers are not always experts on 
the terminology used.14 The assessment of methodological quality investigated 
the extent to which the individual study authors conducted their research to the 
highest possible standards. The Cochrane handbook14 describes a recommended 
approach to assess the potential risk of bias. This tool addresses six specific 
domains, including sequence generation, allocation concealment, blinding, 
incomplete outcome data, selective outcome reporting and ‘other issues’. The 
authors of the present systematic review comprehensively qualified the internal, 
external and statistical validity of the selected individual papers and combined 
several proposed criteria taken from different reports, including the proposed 
criteria of the RCT checklist of the Dutch Cochrane Centre (www.dcc.cochrane. 
org/sites/dcc.cochrane.org/files/uploads/RCT.pdf), the Delphi List27, the Jadad 
scale28, Moher et al.29, Needleman et al.30 and the CONSORT31 statement. Each 
individual article was assessed according to the 21 quality criteria described by 
Van der Weijden et al.13 and Slot et al.32 (Appendix S1). However, only 7 of the 
22 items were used to assess the potential risk of bias. The reason for using 
this limited number is because if all 22 items were applied, none of the studies 
would have an acceptable risk of bias, which would result in an overestimation 
of the potential risk of bias. Due to reporting trends over the course of time, 
reporting all items has not always been standard. However, ‘not reported’ does 
not mean that these items were not performed by the researchers. The seven 
selected items for the present review are less sensitive to the style and manner 
in which the trials were reported and do not result in an overestimation of bias. 
However, the reader should have information about all aspects that could affect 
bias and weigh the outcome of this systematic review against the interpretation 
of the risk of bias, as provided in the checklist of Appendix S1.
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4.1 Vehicle of use
Ideally, the dentifrice should be applied with a toothbrush to be representative 
of home use. The mechanical cleaning effect of the brush is an indeterminate 
variable that can confound the effect of the investigated ingredients.9 To over- 
come this problem, SLS dentifrice slurry rinses have been used. Two of the in- 
cluded studies10 and9 used an SLS dentifrice slurry regimen, which was described  
as 3 g of SLS-containing dentifrice dissolved in 10 ml of water. All experiments  
using the SLS dentifrice slurry rinse found a significant inhibiting effect on  
CHX efficacy. The relevance of these SLS dentifrice slurry data is most likely not  
representative of normal, daily personal oral care. However, these studies serve 
as research models showing the potential counteracting effect of SLS on CHX  
mouthwash. Three studies not included in this review7, 8,18 using a pure aqueous  
SLS solution instead of an SLS dentifrice slurry also concluded that the plaque- 
inhibiting effect of CHX was considerably reduced due to the anionic surfactant 
SLS. Using an in vitro model, Sheen et al.33 showed that dentifrice adversely  
affected CHX activity when brought into contact with a surface immediately 
after CHX application. Their study used CHX staining as a surrogate parameter,  
hypothesizing that if staining was reduced, it could have an inhibiting effect 
on CHX activity.34 Extrapolating the SLS solution data to dentifrice, Barkvoll et 
al.8 concluded that the time between brushing and CHX rinsing should be more 
than 30 min, preferably closer to 2h.8 This conclusion was also the basis for the  
recommendation by Kolahi and Soolari.6 Van Strydonck et al.10,22,23 questioned 
the need for this time period between rinsing and brushing and suggested that  
rinsing with an SLS solution or dentifrice slurry is not representative of normal 
daily brushing. These authors devised a model in which the effect of brushing  
was induced in a crossover, split-mouth design. They concluded that when teeth 
are brushed, the excess amount of dentifrice is expectorated, and participants 
subsequently rinse with water; thus, an adverse effect on the efficacy of CHX is 
not apparent.10 The present meta-analysis supports this conclusion. 

4.2 Order of use 
Based on the hypothesis that plaque prevention by CHX occurs through retenti-
on at the tooth surface, mechanical tooth cleaning or the antagonistic action of 
anionic ingredients in the dentifrice (SLS) may adversely affect CHX retention. 
Sheen et al.33 showed that the effect of dentifrice on CHX was greatest if the 
dentifrice was applied after CHX.33 Kolahi and Soolari6 suggested that rinsing 
with CHX after toothbrushing is preferable to rinsing before toothbrushing.6 

In the present systematic review, only two of six SLS dentifrice comparisons  
followed this suggested order of use. The other four used the reverse order.  
Although heterogeneous in order, all comparisons are indicative of similar  
effects. Owens et al.9 used SLS dentifrice slurry in both the suggested and reverse 
order in one study9 and showed that the suggested order had a numerically  
greater impact on CHX activity than the reverse order.9 These results were  
supported by the observation of Van Strydonck et al. 22, who used the suggested 
order (SLS dentifrice followed by CHX) and showed an impact on CHX activity 
similar to Van Strydonck et al.10 and Owens et al.9 (Fig. 2).
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54.3 Plaque and bleeding 
None of the studies provided evidence to establish an effect of SLS on CHX 
in relation to gingival health. Van Strydonck et al.10 reported bleeding scores;  
however, they did this for a reason not related to assessing the efficacy of CHX.10 

Namely, plaque scores are dependent on a number of factors such as diet, tooth 
surface roughness, periodontal condition and bacterial salivary load.35 There- 
fore, bleeding scores were assessed to determine whether the observed  
differences in plaque levels could be explained by differences in the level of 
gingival inflammation. They concluded that this was not the case and that the 
observed effect was most likely related to the use of the assigned products.

4.4 Limitations 
• This review retrieved four studies that evaluated the impact of dentifrices  
 containing the surfactant SLS on CHX activity. Three of these four studies  
 were from the same research group, which is a disproportionately large  
 amount considering the total body of evidence. It would have been  
 preferable to have papers from a wider range of researchers and institutions.  
 However, there are not more relevant papers in the current scientific  
 literature. 
•  The heterogeneity in CHX concentrations (0.2% and 0.12%, see Table 1)  
 could have contributed to a bias in the findings. However, Berchier et al.36  

 compared 0.12% CHX with 0.2% CHX in a systematic review and showed  
 only a small difference that was considered clinically negligible.36 
•  In these papers, the authors used a 4-day plaque accumulation model in  
 which the effect of brushing with toothpaste was induced in the opposing  
 jaw.10 Using the brush in the investigated quadrants would have confounded 
 the effect of active ingredients.9 The design however hinders extrapolation  
 of the data of this systematic review.
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5. Conclusion

This review demonstrated that when CHX mouthwash is recommended, it 
can be used in combination with an SLS dentifrice without any interference  
regarding its inhibiting effect on dental plaque, regardless of the order of 
use. Consequently, the collective evidence indicates that the combined use of  
dentifrice and CHX mouthwash is not contraindicated. However, this  
recommendation has been graded as moderate taking into account a potential 
publication bias because three of the four included studies emerged from the 
same research group.

6. Clinical relevance 

6.1 Scientific rationale 
For the study Chlorhexidine (CHX) is a frequently used and thoroughly 
investigated antiseptic. Years of documented research have  
established that CHX is safe and effective in preventing and controlling 
plaque formation, breaking up existing plaque, and inhibiting the develop-
ment of and reducing gingivitis. One of the most widely used detergents in 
dentifrice is SLS. There is ongoing discussion regarding whether SLS and CHX  
counteract. Currently, the general recommendation from dental care profes-
sionals and manufacturers is to rinse with CHX 30 min after brushing or to 
use an SLS-free dentifrice. 

6.2 Principle findings 
This systematic review did not observe a significant difference in plaque 
scores when SLS dentifrice was used in combination with CHX mouthwash.  
However, when a CHX mouthwash was used in combination with an SLS  
dentifrice slurry rinse, a significant reduction in CHX activity was observed. 
The relevance of these SLS dentifrice slurry data is most likely not represen-
tative of normal, daily personal oral care. However, these studies serve as 
research models showing the potential counteracting effect of SLS on CHX 
mouthwash. 

6.3 Practical implications 
When a CHX mouthwash is recommended, normal use in combination with 
an SLS dentifrice does not appear to inhibit the effect of CHX on dental  
plaque scores. The recommendation to use an SLS-free dentifrice when a CHX 
mouthwash is advised or to wait for at least 30 min after brushing before 
rinsing is not supported by the evidence. 
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et al. 
(2004b)
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Random allocation* + + + +

Allocation concealment + + + +

Blinded to patient* + + + +

Blinded to examiner* + + + +

Blinding during statistical analysis + + + +

Balanced experimental groups* + + + +

Reported loss to follow up* + + + +

# (%)  of drop-outs 1 (3,4%) 0 (0%) 1 (4,5%) 1 (0,8%)

Treatment identical, except for 
intervention*

+ + + +
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rn
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y Representative population group + + + +

Eligibility criteria defined * + + + +
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Research model used cross over cross over cross over parallel

Sample size calculation and power ? ? ? +

Point estimates presented for the 
primary outcome

+ + + +

Measures of variability presented 
for the primary outcome 

+ + + +

Unit of analysis Full mouth Full mouth Full mouth site

Include an per protocol analysis + - - -

Include an intention-to-treat analysis + + + +

Correction for multiple comparisons + + + ?

C
li

n
ic

a
l 

a
sp

e
ct

s Validated measurement + + + +

Calibration examiner ? ? ? ?

Reproducibility data shown ? + + +

Authors estimated risk of bias Low Low Low Low

Study 

Quality criteria

Online Appendix S1 Methodological quality and potential risk of bias scores of the 
individual included studies.

Each aspect of the score list was given a rating of ‘+’ for an informative description of the item at issue and a study design meeting the quality 
standard, ‘-’ for an informative description without a study design that met the quality standard and ‘?’ for lacking or insufficient information. 
When random allocation, defined eligibility criteria, blinding of examiners and patients, balanced experimental groups, identical treatment bet-
ween groups (except for intervention) and report of follow-up were present, the study was classified as having a low risk of bias. When one of 
these seven criteria was missing, the study was considered to have a moderate potential risk of bias. When two or more of these criteria were 
missing, the study was considered to have a high potential risk of bias, as proposed by Van der Weijden et al. (2009).

For abbreviations, see Table 2 ? =  not specified/unclear, + = yes, - = no, * =  reporting criteria for estimation, the potential risk of bias, NA = not 
applicable, NR: not reported, ◊: calculated by the authors of this review based on the presented data in the selected paper 
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5
Online Appendix S2
Mean (SD) scores for the different intervention groups with various indices 
and their modifications.

# Index Intervention groups Mean (SD)

Product % CHX Baseline End Diffe- 
rence

II
Van 
Strydonck 
et al.
(2004b) 

Turesky 
et al. (1970)
modification 
of the Quigley 
& Hein plaque 
index (1962)

CHX MW + 1.5% SLS DF
CHX MW + 1.1% SLS DF
CHX MW + SLS free DF
CHX MW

0.2%
0.2%
0.2%
0.2%

0 ◊
0 ◊
0 ◊
0 ◊

1.8 (0.64)
1.8 (0.57)
1.9 (0.45)
1.9 (0.53)

1.8 ◊
1.8 ◊
1.9 ◊
1.9 ◊

III 
Van 
Strydonck 
et al. 
(2006)

Turesky 
et al. (1970) 
modification
of the Quigley 
& Hein plaque 
index (1962)

CHX MW + 1.5% DF slurry
CHX MW + 1.5% SLS DF
CHX MW

0.2%
0.2%
0.2%

0 ◊
0 ◊
0 ◊

1.62 (0.55)
1.14 (0.51)
1.17 (0.62)

1.62 ◊
1.14 ◊
1.17 ◊

IV
Owens 
et al.
(1997)

Turesky 
et al. (1970) 
modification 
of the Quigley 
& Hein plaque 
index (1962)

DF slurry + CHX MW 
CHX MW + DF slurry
CHX MW + H2O
H2O + CHX MW

0.12%
0.12%
0.12%
0.12%

0 ◊
0 ◊
0 ◊
0 ◊

2.27 (0.21) ◊
2.09 (0.21) ◊
1.89 (0.21) ◊
1.83 (0.21) ◊

2.27 ◊
2.09 ◊
1.89 ◊
1.83 ◊

I
Van 
Strydonck
et al. 
(2004a)

Plaque Index
(Silness & Löe, 
1964)

SLS DF + CHX MW 
CHX MW

0.2%
0.2%

0 ◊
0 ◊

0.36 (0.3)
0.34 (0.2)

0.36 ◊
0.34 ◊

For abbreviations, see Tables 1 and 2. 
MW Mouthwash
DF Dentifrice
◊= calculated by the authors of this review based on the presented data in the selected paper 
? =  unknown/not given
₪= insufficient data presentation
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Online Appendix S3b  
SLS dentifrice using a fixed model 
Forrest plots of the performed meta-analysis on the effectiveness of SLS 
dentifrice on plaque scores.

Online Appendix S3a 
SLS dentifrice slurry using a fixed model.
Forrest plots of the performed meta-analysis on the effectiveness of SLS dentifrice slurry 
on plaque scores.

Online Appendix S3c 
SLS dentifrice in order of use using a fixed model 
Forrest Plots of the performed meta-analysis on the effectiveness of SLS 
dentifrice and the order of use on plaque scores.
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5Online Appendix S4
Quality of the evidence in detail for the effectiveness of CHX mouthwash on plaque 
scores when jointly used with SLS dentifrice in terms of plaque scores and order of use.

1 one research group 
$ better indicated by lower values

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to 
have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the 
estimate. 
Very low quality: We are very uncertain about the estimate
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SLS Dentifrice$ SLS Slurry$

No of studies 5 3

Design Randomised trials Randomised trials

Risk of bias No serious risk of bias No serious risk of bias

Inconsistancy No serious Inconsistancy Serious

Indirectness No serious Indirectness No serious Indirectness

Imprecision No serious Imprecision No serious Imprecision

Other considertions Reporting bias1 Reporting bias1

#
p
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ti
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ts Plaque Q&H 83 80

Control 64 60
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e
ct Relative (95% CI) - -

Absolute
MD 0.08 lower
(0.26 lower to 0.11 higher)

MD 0.33 higher
(0.24 lower to 0.42 higher)

Quality
          o
Moderate

       oo
Low
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Abstract 

Focus question
What is the efficacy of a chlorhexidine (CHX) mouthwash (MW) containing  
sodium fluoride (NaF) compared to a CHX − MW alone on the parameters of 
plaque, gingivitis and discoloration? 

Material and Methods
MEDLINE-PubMed, Cochrane-CENTRAL, and EMBASE were searched for papers 
from inception to December 2017. The inclusion criteria were (randomized) con-
trolled clinical trials conducted in human subjects with good general health and 
without removable prosthesis. Papers evaluating the effect of a MW containing 
CHX + NaF compared to a CHX alone were included. From the eligible studies, 
data were extracted, a descriptive analysis was performed and a meta-analysis 
when feasible. 

Results
Independent screening of 412 unique papers resulted in 9 eligible publications 
presenting 10 clinical trials comparing the effect of CHX + NaF to CHX − MW 
and provided 13 comparisons. Five evaluated the MW as an adjunct to brushing 
and 8 were non-brushing comparisons of which 4 used an experimental gingi- 
vitis model. No significant difference was observed for plaque score reduction in 
the brushing studies the end scores (diffM; −0.04, P = .36; 95%CI: [−0.13, 0.05]) 
nor the differences (diffM; 0.11, P = .33; 95%CI: [−0.12, 0.24]). In the descriptive 
analysis, none of the experiments demonstrated a statistical significant diffe-
rence regarding Gingival Index (GI), Bleeding Score and Discoloration Scores. 
For the GI, a meta-analysis of the difference of Means was not significant when 
included experimental gingivitis model studies end scores (0.01, P = .78; 95%CI: 
[−0.08, 0.11]) and the difference (0.01, P = .81; 95%CI: [−0.08, 0.10]) either for 
the end scores of brushing studies (diffM; −0.01, P = .82; 95%CI: [−0.10, 0.08]). 

Conclusion
From this study, it can be concluded that NaF and CHX may be present in the 
same MW without reducing CHX efficacy with respect to plaque and gingivitis 
scores. Moreover, no difference in the development of tooth discoloration was 
observed. 
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61. Introduction

Most patients are unable to achieve sufficient plaque removal by mechanical 
oral hygiene practices, so the relevance of the chemotherapeutic agents has 
increased with this perception.1 Fluoride is the most popular chemotherapeutic 
agent, and it is widely used in many oral care products, such as toothpastes, 
mouthwashes and gels.2,4 Mouthwashes (MWs) are an ideal vehicle to incor-
porate in chemotherapeutic agents and are appreciated by the public because 
of their ease of use. With respect to antiplaque and antigingivitis effects,  
current evidence suggests that MWs containing chlorhexidine (CHX) are the 
first choice.5 CHX was developed in England during the 1940s. It was marke-
ted as an antiseptic and widely used in medicine and surgery. Plaque inhibition 
was first investigated in Switzerland by Renggli6 and Schroeder.7 A definitive  
study demonstrating inhibition of dental plaque was conducted by Löe et 
al.8 It is certainly the most thoroughly studied chemotherapeutic agent. A  
comprehensive systematic review summarizing the results of 30 publications 
concluded that a CHX − MW provides significant reductions in plaque and  
gingivitis scores.9 Chlorhexidine has a property so-called substantivity, which 
implies that antibacterial effects are sustained for longer periods. As it is  
cationic, it can be adsorbed to oral tissues such as hydroxyapatite, tooth  
surfaces, oral mucosa and salivary mucins for extended periods. It is subsequent-
ly released when the CHX concentration in the oral cavity is reduced. This exerts 
a plaque-inhibitory effect within the oral cavity that may last up to 12 hours.5 
In this respect, a combination of CHX and NaF has demonstrated favourable 
properties. In the presence of fluoride, the affinity of CHX for hydroxyapatite 
increases.10 This may reduce the effective concentration of CHX needed, as well 
as the frequency of use. The addition of fluoride to a CHX mouthwash also has 
been shown to inhibit caries development.11 In such a case, the fluoride provi-
des an adjunctive beneficial remineralization effect to the CHX mouthwash.  
Chemically, CHX is made up of two 4-chlorophenyl rings and 2 biguanide groups 
linked by a central hexamethylene chain, which confers a strong basicity and 
a bicationic charge. Its bicationic nature makes it highly interactive with any  
anionic element.3 CHX has the ability to form low-solubility salts with anions 
such as sulphate, phosphate and chloride thus making its formulation into 
oral hygiene products, without losing its antiseptic properties through inter-
actions with other ingredients, much more difficult.13 A fluoride, which is used  
commonly in dentifrices, monofluorophosphate (MFP), was studied for its pos-
sible compatibility in formulations with CHX.12 When clinically relevant concen-
trations were used, a large portion of the free CHX was eliminated, leading the 
authors to conclude that MFP and CHX are not compatible.12 But there is also 
clinical evidence that indicates that sodium fluoride (NaF) and CHX in the same 
vehicle do not decrease the presence of free ionized fluoride nor reduce the 
availability of CHX below therapeutic levels.14,15 Because of these contradictory 
results, it remains unclear whether CHX and fluoride can be used together 
in a single MW regarding its effect on the reduction in plaque and gingivitis.  
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A comprehensive search and systematic analysis of the current available litera-
ture on the parameters of plaque and gingivitis will show us if CHX keeps its 
properties when combined with NaF. The outcome of this may guide dental care  
professionals in providing evidence-based oral hygiene advice to their  
patients with plaque and gingivitis. Therefore, the purpose of this study was to  
systematically and critically appraise the available scientific evidence concerning 
the efficacy of a CHX + NaF − MW compared to a CHX − MW alone with respect 
to plaque, clinical parameters of gingivitis and tooth discoloration.

2. Material and methods

This systematic review was prepared and described in accordance with 
the Cochrane handbook for systematic reviews of interventions16 and the  
guidelines of Transparent Reporting of Systematic Reviews and Meta-analyses 
(PRISMA).17,18 The protocol that details the review method was developed a  
priori following an initial discussion among the members of the research team.

2.1 Focused question
What is the efficacy of a chlorhexidine (CHX) mouthwash (MW) with sodium 
fluoride (NaF) as an additional ingredient compared to a CHX − MW without 
NaF on the parameters of plaque, gingivitis and tooth discoloration in gingivitis 
patients?

2.2 Search strategy
A structured search strategy was designed to retrieve all relevant studies 
that evaluated the efficacy of CHX − MW with fluoride on the parameters 
of plaque and gingivitis. The National Library of Medicine, Washington D.C.  
(MEDLINE-PubMed), the Cochrane Central Register of Controlled Trials  
(CENTRAL) and EMBASE (Excerpta Medical Database by Elsevier) were se-
arched for appropriate papers from inception until December 2017 that  
answered the focus question. The reference lists of the included studies were  
handsearched to identify additional potentially relevant studies. Box 1 provides 
details regarding the search terms used.
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6Box 1 
Search terms used for PubMed-MEDLINE, Cochrane-CENTRAL and EMBASE. The 
search strategy was customized according to the database being searched. The 
following strategy was used in the search:

2.3 Screening and selection 
Titles and abstracts from the studies obtained by the searches were indepen-
dently screened by 2 reviewers (TAE, DES) to select studies that potentially met 
the inclusion criteria. Only English papers were accepted. Based on the title 
and abstract, the full-text versions of potentially relevant papers were obtained. 
These were categorized as definitely eligible, definitely not eligible or ques- 
tionable. Disagreements concerning eligibility were resolved by consensus or, 
if disagreement persisted, by arbitration through a third reviewer (GAW). The  
papers that fulfilled all of the inclusion criteria were processed for data extraction.  

The following strategy was used in the search: 
{<active ingredients> AND <vehicle> AND <outcome>}
{<[(MeSH terms) chlorhexidine OR (text words) chlorhexidine OR chlorhexidine 
phosphanilate OR chlorhexidine di-gluconate OR chlorhexidine gluconate 
OR zinc-chlorhexidine OR chlorhexidine gluconate lidocaine hy-drochloride 
OR CHX OR CHX formulations] AND [(MeSH terms) Fluorides OR (text words) 
Fluoride OR fluorid*]> 

AND

<(MeSH terms) Mouthwashes OR (text words) Mouthwashes OR Mouthwash 
OR mouthwash* OR mouthrinses OR mouthrinse>

AND

<(MeSH) gingivitis OR (textwords) gingivitis OR gingivit* OR gingival poc-
ket OR gingival bleeding OR gingival inflammation OR gingival diseas* 
OR gingival index OR gingival hemorrhage OR bleeding on probing OR 
bleeding-on-probing OR papillary bleeding index OR bleeding index OR 
sul-cus bleeding index OR plaque removal OR plaque index OR dental  
plaque OR plaque OR removal OR interdental plaque OR interproximal  
plaque OR dental deposit* OR stain OR discoloration OR pseudo pocket OR 
pseudopoc-ket OR periodontal index>}

The asterisk (*) was used as a truncation symbol.
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The inclusion criteria were as follows: 
 •  Published in the English language 
 •  Randomized controlled clinical trials (RCT) or controlled clinical trials (CCT)  
 •  Conducted in humans: 
   o  In good general health (no systemic disorder) 
   o No removable prosthesis 
        o  Study design: Brushing or non-brushing 
 •  Intervention: CHX + NaF − MW 
 •  Comparison: CHX − MW 
 •  CHX concentration in intervention and control groups must be identical  
 •  For the intervention group, MW products that contained other ions   
   with a known antimicrobial effect (eg, zinc, strontium) were not acceptable.  
 •  Rinsing regimen:
   o Daily rinsing 
   o Follow-up >1 day
 •  Primary parameter of interest: plaque (PS), if available as secondary  
   parameters: bleeding on probing (BS), gingival index (GI) and tooth 
   discoloration (DS).

2.4 Assessment of heterogeneity 
The factors used to evaluate the heterogeneity of the outcomes of the different 
studies were as follows: 
 •  Study design, groups and evaluation period 
 •  Subjects’ characteristics 
 •  Side effects and industry funding

2.5 Quality assessment 
Two reviewers (TAE, DES) independently scored the individual methodological 
qualities of the included studies using the checklist as presented in Appendix S1 
according to the method described in detail by Keukenmeester et al.19 In short, 
a study was classified as having a “low risk of bias” when random allocation,  
defined inclusion/exclusion criteria, blinding to patient and examiner, balanced 
experimental groups, identical treatment between groups (except for the inter-
vention) and reporting of follow-up were present. Studies that fulfilled 6 of these 
7 criteria were considered to have a potential moderate risk of bias. If 2 or more of 
these 7 criteria were absent, the study was considered to have a high risk of bias.20  

2.6 Data extraction 
The characteristics of the population, intervention, comparison and outcomes 
were extracted independently from all studies by 2 reviewers (TAE, DES) using a 
specially designed data extraction form. Disagreement between the reviewers 
was resolved through discussion and consensus. If a disagreement persisted, the 
judgement of a third reviewer (GAW) was decisive. Some of the studies provi-
ded standard errors (SE) of the mean. If needed and where possible, the authors 
calculated the standard deviation based on the sample size (SE = SD/√N). For 
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6those papers that provided insufficient data to be included in the analysis, the 
first and/or corresponding authors were contacted to request additional data.

2.7 Data analysis 
The studies were categorized as a monotherapy (non-brushing studies) or as 
an adjunct to self-performed daily oral hygiene (brushing studies). In the non-
brushing studies using a de novo plaque accumulation model, only plaque was 
the parameter of interest. While for the non-brushing studies using an experi-
mental gingivitis model and for the brushing studies, plaque, bleeding, gingi- 
vitis and discoloration were taken into account. As a summary, a descriptive data 
presentation was used for all studies. Subsequently, where feasible, a meta- 
analysis (MA) was performed to explore the efficacy of CHX + NaF − MW vs CHX 
− MW alone on various parameters using Review Manager [RevMan)[Computer 
program] Version 5.3.Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014]. In studies consisting of multiple treatment arms and data 
from 1 particular group compared with more than 1 other group, the num-
ber of subjects (n) in the group was divided by the number of comparisons. A  
meta-analysis was only performed if more than 1 study could be included irres-
pective of the number of comparisons. The difference of means (diffM) between 
test and control was calculated using a “random or fixed effects” model where 
appropriate. A fixed-effect analysis was implemented if there were fewer than 
4 studies because the estimate of between-study variance is poor for analyses 
with low numbers of studies.16 The formal testing for publication bias was used 
as proposed by Egger et al.21

2.8 Grading the “body of evidence” 
The Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) was used to rank the evidence.22 Two reviewers (DES, GAW) rated the 
quality of the evidence and the strength and direction of the recommenda-
tions23 according to the following aspects: risk of bias, consistency of results, 
directness of evidence, precision and publication bias and magnitude of the 
effect. Any disagreement between the 2 reviewers was resolved after additional 
discussion.
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3. Results 

3.1 Search and selection results 
Searching the MEDLINE-Pub Med, Cochrane-CENTRAL and EMBASE databases 
resulted in 412 unique papers (figure 1). Screening of the titles and abstracts 
resulted in 17 papers for which the full report was obtained. Based on a detailed 
reading of the full texts, 8 papers were excluded. The reasons were that 1 study 
was a review24 and 3 studies did not present proper active ingredient compari-
son.25-27 Zanela et al.28 did not use the same percentage of CHX in both groups. 
Kumar et al.29 did use a CHX + NaF that also contained zinc-chloride which has 
an antimicrobial effect of its own accord. Spets-Haponnen et al.30 did not evalu-
ate plaque data, and Zimmer et al.40 did not use a CHX + NaF − MW. Manual se-
arching of the reference lists did not reveal other publications. Altogether, the  
final 9 eligible publications presenting 10 clinical trials provided 13 compari-
sons, which were included in this systematic review.

3.2 Assessment of heterogeneity 
Some heterogeneity was observed in the 10 clinical trials with respect to  
study design, participants, and MW brands used as the brushing/ rinsing  
regimen among the studies. Table 1 presents information regarding the study 
characteristics.

3.3 Study design, groups and evaluation period 
Five studies (V34, VI35, VII36, VIII37, IXb43) used the MW as an adjunct to self- 
performed daily oral hygiene; the duration ranged from 7 days to 6 months. 
The non-brushing experimental gingivitis model over 21 days was used in  
2 studies (III3 , IV33) providing 4 comparisons. Three non-brushing studies (I31, 
II32, IXa43) used de novo plaque accumulation for 4, 7 or 11 days. All included 
studies were RCTs, 5 used a crossover design (I31, II32, III3 , IXa+b43) and 5 used 
a parallel design (IV33, V34, VI35, VII36, VIII37). All studies (except VI35, VII36) pro-
vide a professional prophylaxis to remove plaque, stain and calculus at base-
line. Study VII36 made no mention of the MW brand they used. Different con-
centrations of CHX − MW (0.05%, 0.06%, 0.12% and 0.2%) were used. The 
non-brushing de novo plaque model comparisons all used a 0.12% CHX, and 
the brushing studies used a range of percentage of CHX (0.05%, up to 0.2%) 
combined with 0.05% NaF. Rinsing durations of the regimens were set at 30 or  
60 seconds. Only study II32 did not state the rinsing duration. Different volumes 
of rinsing solutions were used, including 5, 10 and 15 ml (Table 1 and Figure 1). 
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Search and selection results.
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Table 1
Overview of the studies processed for data extraction.

#
Authors 
(year)

Study design, 
duration

# Participants 
baseline (end), gender, 
age (mean/ range), Oral 
prophylaxis (OP)

Groups%
Instruction 
Ethanol/ethanol free

Non-brushing

De novo plaque model

I31 
Mendieta et al. (1994) 

RCT

Cross-over
no washout 

double blind

7 days

18 (18)

♀: ?  ♂: ?

Mean age: ?
Age range: ?

OP

CHX 0.12 % + NaF 0.022%
CHX 0.12% 

15 ml for 30 s 
2x p/day

II32 
Quirynen et al. (2001)

RCT

Cross-over
washout 23 days

double blind

11 days

16 (16)

♀: 9  ♂: 7

Mean age: 21.6
Age range: ?

OP

CHX 0.12 % + NaF 0.05% 
CHX 0.12 %
CHX 0.12 %  + CPC 0.05%

15 ml for ? sec
2x p/day 

IXa43 
Villa et al. (2017)

RCT

Cross-over
washout 3 days

double blind

4 days

16 (16)

♀: 9  ♂: 7

Mean age: 23
Age range: 18-31

OP

CHX 0.12 % + NaF 0.2% 
CHX 0.12 %

10 ml for 60 sec
2x p/day

III3 
Bascones et al. (2005)

RCT

Cross-over,
washout 14 days

double blind

21 days

30 (30)

♀: 13  ♂: 17

Mean age: 22
Age range:19-30

OP

CHX 0.12% + NaF 0.05%
CHX 0.12%
CHX 0.12% + CPC 0.05%

10 ml for 60 s
2x p/day

IV33 
Lorenz et al. (2006)

RCT

Parallel 

Single blind

21 days

68 (68)

♀: 51  ♂: 39

Mean age: 23 
Age range: 16-50

OP

CHX 0.2% + NaF 0.055% 
CHX 0.2%
CHX 0.2%

10 ml for 60 s 
2x p/day
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6
Brands Conclusions of the original authors 

Non-brushing

De novo plaque model

Cariax, (Laboratories Kin S.A.
Barcelona, Spain)

Perio-Aid, 
(Dentaid S.A. Barcelona. Spain)

The CHX + NaF formulation had some reduction in CHX 
availability by comparison with a CHX rinse. This reduced 
availability was reflected in some loss of clinical efficacy.

Cariax Gingival, (Laboratorios Kin S.A.,Spain) 

Perio Aid, (Dentaid S.A., Spain)

Perio Aid, (Dentaid S.A., Spain)

CHX + NaF resulted in significant more ‘de novo plaque’ 
formation and a slight but statistically insignificant increase 
of the gingivitis indices at day 11.

Specially manufactured 
(Actavis AB, Stockholm, Sweden)

Specially manufactured 
(Actavis AB, Stockholm, Sweden)

The combination of CHX and NaF in a MW showed the 
same clinical effect as the CHX solution.

Cariax Gingival MW, 
(Laboratorios Kin, S.A, Barcelona, Spain)

Lácer CHX MW, (Lácer S.A, Barcelona, Spain) 

Perioaid, (Dentaid, Barcelona, Spain)

In CHX mouthwashes, the addition of NaF does not 
produce beneficial effects, but may even reduce the 
antiplaque effectiveness or increase tongue staining.

Meridol chlorhexidine 
(GABA International AG)

GABA (International AG, Munchenstein, 
Switzerland) 

Corsodyl, (GlaxoSmithKline Buhl,Germany)

The CHX MW were able to inhibit plaque re-growth and 
gingivitis. The omission of NaF had not weakened the 
clinical efficacy of CHX with respect to the analysed clinical 
parameters.
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CHX = Chlorhexidine, NaF = Sodium Fluoride, CPC = CetylPyridimium Chloride, RCT = Randomized Controlled clinical Trials  
CCT = Controlled Clinical Trials

#
Authors 
(year)

Study design, 
duration

# Participants 
baseline (end), gender, 
age (mean/ range), Oral 
prophylaxis (OP)

Groups%
Instruction 
Ethanol/ethanol free

Brushing

V34 

Hoffmann et al. (2001) 
RCT

Parallel

double blind

6 month

34 (33)

♀: 53  ♂: 28

Mean age: ?
Age range: 18-36

OP

CHX 0.06% + NaF 250 ppm 

CHX 0.06%

10 ml for 30 s 
2x p/day

VI35 
Jayaprakash et al. (2007)

CCT

Parallel

double blind

6 months

150 (150)

♀: ?  ♂: ?

Mean age: ?
Age range: 13-16

CHX 0.05 % + NaF 0.05% 
CHX 0.05 % 

10 ml for 60 sec
1x p/day 

VII36 
Dehghani et al. (2015)

RCT

Parallel

double blind

3 weeks

60 (?)

♀: 33  ♂: 27

Mean age: 16.4
Age range: 15-22

CHX 0.06 % + NaF 0.05% 
CHX 0.06 % 

15 ml for 60 sec
2x p/day 

VIII37 
Shukla et al. (2016)

RCT

Parallel

double blind

7 days

30 (?)

♀: ?  ♂: ?

Mean age: ?
Age range: 18-25

OP

CHX 0.2 % + NaF 0.05% 
CHX 0.2 % 

10 ml for 60 sec
2x p/day

IXb43 
Villa et al. (2017)

RCT

Cross-over
washout 3/9 weeks

double blind

6 weeks

16 (16)

♀: 3  ♂: 13

Mean age: 23
Age range: 19-35

OP

CHX 0.12 % + NaF 0.2% 
CHX 0.12 %

10 ml for 60 sec
2x p/day
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6Brands Conclusions of the original authors 

Brushing

Odol med3 Depot 
(SmithKline Beecham, Bühl, Germany)

Corsodyl Zahnfleisch Fluid 
(SmithKline Beecham, Bühl, Germany)

Both groups led to a clinically relevant reduction in the 
plaque index scores when used as a supplement to usual 
mechanical hygiene measures.

Specially manufactured by 
a pharmaceutical company 
for this project

The results suggest that the CHX + NaF - MW potentially 
possesses a significant effect on inhibition of plaque accu-
mulation and gingivitis. 

?

?

Adding CHX + NaF - MW to daily oral hygiene regimen of 
fixed orthodontic patients significantly improved the oral 
hygiene status.

Clohex Plus® Dr Reddy Laboratories Ltd.

Hexidine® ICPA Health Product Ltd.

In preventing plaque accumulation, both CHX and 
CHX + NaF - MW can be used as a supplement to mecha-
nical plaque control. But CHX + NaF proved to be more 
effective than CHX alone. 

Specially manufactured 
(Actavis AB, Stockholm, Sweden)

Specially manufactured 
(Actavis AB, Stockholm, Sweden)

The combination of CHX and NaF in a MW showed the 
same clinical effect as the CHX solution.
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3.3.1 Subject characteristics 
All studies included participants in good general health. The study populations 
in the studies I31, II32, III3 , IV33, IXa+b43 were dental (hygiene) students, study 
V34 selected medical students and VIII37 a combination. Regarding periodontal 
health, the following definitions, criteria and diagnoses were used for inclusion: 
pockets ≤4 mm (III3), a gingival index (GI)38 ≤0.5 (IV33) or <1.5 (V34), no signs of 
destructive periodontitis (II32, VIII37) and good gingival health (I31). The 2 studies 
including children were less specified; however, mild gingivitis was an inclusi-
on criterion (VII36) and study VI35 excluded early-onset periodontitis and acute  
necrotizing ulcerative gingivitis. The majority of the clinical studies do not  
mention information regarding smoking status. Only one (IV33) reported the 
smoking status, but it was not analysed further and 3 clinical trials (VII36 and 
IXa+B43) specifically excluded smokers.

3.3.2 Side effects and industry funding 
The papers did not report any adverse events, but most mentioned staining as 
a side effect of CHX during the experiments. Both non-brushing experimental 
gingivitis model (II32, III3) studies and one brushing study (V34) evaluated tooth 
surface discoloration as a secondary parameter of interest. Most of the used 
products were commercially available, VI35 is not clear regarding this point. 
Five clinical trials (II32, IV33, VI35, IXa+b43) used a test product produced especially 
for the purpose of the study. Some studies included a disclosure statement of 
a conflict of (financial) interest. The studies I31, IV33 and IXa+b43 were (partly)  
sponsored by the industry (GABA Dentaid and Actavis, respectively). Two of the 
5 authors in study III3 had affiliations with the industry, and they acknowledged 
the grant that was provided by the industry (Lácer S.A.).

3.4 Methodological quality assessment 
The potential risk of bias was estimated based on the methodological quality 
aspects of the included studies as presented in the Appendix S1. Based on a 
summary of the proposed criteria, the potential risk of bias was estimated to be 
moderate for the studies VI35 and VIII37 and low for the other studies. 

3.5 Study outcomes results 
The Appendix S2-S5 presents the data extraction results of the selected studies 
for the various clinical indices. When available, baseline, end scores and the 
changes between baseline and end scores are presented.

3.5.1 Between groups 
Table 2 summarizes the descriptive analysis for the statistical differences  
between CHX + NaF and CHX alone presented for the non-brushing and brushing 
studies. All 9 comparisons evaluating bleeding scores, gingival index and tooth 
surface discoloration did not reveal a significant difference between the  
comparison groups. Plaque scores reveal an inconsistent pattern. It was possible 
to perform a meta-analysis for the end plaque score reduction in the brushing 
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6studies using the Q&H index. The difference of Means was not significant  
(diffM; −0.04, P = .36; 95%CI: [−0.13, 0.05]). A meta-analysis was performed for 
the comparisons assessing the treatment effect of the experimental gingivitis 
model studies also with the L&S GI.39 After 21 days of rinsing only, the differen-
ce of Means (diffM) was 0.01 between the groups, which was not significant 
(P = .78; 95%CI: [−0.08, 0.11]). As for the L&S GI39 in the brushing studies. No 
significant difference was demonstrated (diffM; −0.01, P = .82; 95%CI: [−0.10, 
0.08]). Table 3a-c summarize the detailed data outcomes of the performed  
meta-analysis. Appendix S6-S13 presents the corresponding forest plots. No  
statistical difference was detected at baseline nor at the end. Testing for  
publication bias could not be performed because fewer than 10 studies were 
included in the meta-analysis, which would result in insufficient statistical  
power.16,21

3.6 Evidence profile 
Table 4 presents a summary of the various factors used to rate the quality 
of evidence and to appraise the strength and direction of recommendations  
according to GRADE.22 There is no difference in plaque control between 
CHX + NaF − MW and CHX − MW. However, due to inconsistency and a low 
precision, the strength of the recommendation was an estimate to be “very 
weak” resulting in a low certainty that CHX + NaF − MW favours CHX − MW 
for plaque control. No difference was determined between the gingival  
inflammation parameters and tooth surface discoloration. Given the strength of 
the recommendation, there is a “moderate” certainty that the addition of NaF 
does not negatively influence the effect of CHX on gingival inflammation. With 
respect to tooth surface discoloration, no difference between the CHX − MW 
was noted. The strength of the observation that side effects with either product 
were comparable was estimated to be “weak”. 
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Table 2
A descriptive summary of statistical significance with CHX + NAF − MW compared to a
CHX − MW regimen.

Design Study # Intervention PS GI BS DS Comparison

Non 
brushing

de novo
plaque
model

I31 

Mendieta
et al. (1994)

CHX 0.12% + NaF 0 NA NA NA CHX 0.12%

-

II32 
Quirynen 
et al. (2001)

CHX 0.12% + NaF - NA NA NA CHX 0.12%

CHX 0.12% + NaF - NA NA NA CHX 0.12%

IXa43 
Villa et al. (2017)

CHX 0.12% + NaF 0 NA NA NA CHX 0.12%

Non 
brushing

Experi-
mental
gingivitis 
model

III3 
Bascones 
et al. (2005)

CHX 0.12% + NaF - 0  0 CHX 0.12%

CHX 0.12% + NaF - 0  0 CHX 0.12%

IV33 
Lorenz
et al. (2006)

CHX 0.2% + NaF 0 0 0 0 CHX 0.2%

CHX 0.2% + NaF 0 0 0 0 CHX 0.2%

Brushing V34

Hoffman
et al. (2001)

CHX 0.06% + NaF 0 0  0 CHX 0.06%

VI35

Jayaprakash 
et al. (2007)

CHX 0.05% + NaF + 0   CHX 0.05%

VII36

Dehghani  
et al. (2015)

CHX 0.06% + NaF 0 0 0  CHX 0.06%

VIII37

Shukla 
et al. (2015)

CHX 0.2% + NaF 0    CHX 0.2%

IXb43 

Villa et al. (2017)
CHX 0.12% + NaF 0 0   CHX 0.12%

+ = significant difference in favor of the CHX+NaFgroup, - = significant difference in favor of the CHX group,
0 = no significant difference,  = no data available, NA = not applicable, PS = Plaque Score, GI = Gingival Index, 
BS = Bleeding Score, DS = Discoloration Score
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6Table 3 
(a) Meta-analysis for MW containing CHX + NaF compared to CHX alone at baseline, end 
and the changes between baseline and end scores of the Turesky et al.55modification of 
the Quigley & Hein54 PI for the brushing group. (b) A meta-analysis for MW containing 
CHX + NaF compared to CHX alone at baseline, end and the changes between baseline 
and end scores of the L&S GI39 for studies using an experimental gingivitis model. (c) A 
meta-analysis for MW containing CHX + NaF compared to CHX alone at baseline, end 
and the changes between baseline and end scores of L&S GI39 for the brushing group.

Moment Comparisons Model DiffM Test for overall Test for 
heterogeneity

95% CI p-value I2 value 
(%)

p-value

a. PI Turesky et al.60 modification of the Quigley & Hein57 brushing

Baseline VII, VIII, IXb Fixed -0.02 [-0.14, 0.10] 0.77 0 0.22

End VII, VIII, IXb Fixed -0.04 [-0.13, 0.05] 0.36 0 0.75

Difference VII, IXb Fixed 0.11 [-0.12, 0.34] 0.33 0 0.68

b. GI L&S39 experimental gingivitis model

Baseline III-1, III-2, IV-1, IV-2 Fixed -0.00 [-0.07, 0.07] 0.97 0 0.99

End III-1, III-2, IV-1, IV-2 Fixed 0.01 [-0.08, 0.11] 0.78 0 0.66

Difference III-1, III-2, IV-1, IV-2 Fixed 0.01 [-0.08, 0.10] 0.81 0 0.61

c. GI L&S39 brushing

Baseline V, IXb Fixed -0.06 [-0.16, 0.05] 0.29 0 0.66

End V, IXb Fixed -0.01 [-0.10, 0.08] 0.82 0 0.42

Heterogeneity was tested by the chi-square test and the I2 statistic. A chi-square test resulting in a p < 0.1 was considered an 
indication of significant statistical heterogeneity. As an approximate guide for assessing the magnitude of inconsistency across studies, an 
I2 statistic of 0–40% was interpreted as potentially not important, and for a statistic above 40%, a moderate to considerable heterogeneity 
may be present.

DiffM = Difference of Means, CI = Confidence Interval, PI = Plaque Index, GI = Gingival Index
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Table 4 
Estimated evidence profile (GRADE, 2015), appraisal of the strength of the 
recommendation and the direction regarding the efficacy of CHX + NaF − MW as 
compared to CHX − MW alone with respect to the various parameters of interest.

Determinants of the 
Quality

Plaque Gingival 
inflammation

Discoloration

Study design RCT RCT RCT

# studies, n=9 # 9 # 6 # 3

# comparisons n=13 # 13 # 8 # 5

Risk of bias Low to moderate Low to moderate Low to moderate

Consistency Inconsistent Consistent Consistent

Directness Limited generalizability Limited generalizability Limited generalizability

Precision Rather imprecise Rather precise Rather precise

Reporting bias Possible Possible Possible

Magnitude of the effect No difference No difference No difference

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

Very weak Moderate Weak

Direction of recommen- 
dation22 that CHX + NaF 
- MW can be used as an 
alternative for CHX 
alone MW

Very week certainty no 
difference between CHX 
+ NaF over CHX - MW

Moderate certainty 
no difference between 
CHX + NaF over 
CHX - MW

Weak certainty not 
favoring CHX + NaF 
over CHX - MW
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64. Discussion

This review selected studies that provide information concerning the question 
if CHX is still active when combined with NaF in an MW. So the included  
studies evaluated the efficacy of a CHX − MW with NaF compared to a CHX 
− MW on the plaque, gingivitis and discoloration scores. No difference bet-
ween the 2 products was observed. The potential adjunctive effect of NaF on  
remineralization was not investigated in this review. In total, 9 publications with  
10 clinical trials were included with 13 comparisons. The results indicate that 
CHX solutions combined with fluoride and those without demonstrate similar 
effects in the plaque and gingivitis scores (Table 2) confirmed by a meta-analysis 
(Table 3a-c). Gingival inflammation measured based on bleeding and discolora-
tion scores support these findings in the descriptive analysis.

4.1 Chemical classification 
Chemically, CHX is comprised of 2 4-chlorophenyl rings and 2 biguanide groups 
linked by a central hexamethylene chain, which confers a strong basicity and 
a bicationic charge. Its bicationic nature makes it highly interactive with any  
anionic element.3 It is therefore not easily formulated into an MW product be-
cause other ingredients in the MW formulation may interact with CHX and inhi-
bit its activity.12 It is known that sulphate, phosphate and chloride react with the 
CHX. For instance, the resultant product of the reaction of CHX with chloride is  
chlorhexidine dichloride, a compound that is a low-solubility salt.13 Thus, due 
to potential interactions, the antibacterial activity of a CHX solution cannot 
be taken for granted and can even differ between different MW brands.32 For 
decades, a view has circulated in the scientific (dental) society that CHX and 
fluoride would be chemically incompatible when used together.33 Fluoride is 
a highly electronegative halogen, most commonly used in the prevention of 
dental caries to strengthen tooth structure. There is evidence that, when used 
together for caries prevention, CHX and fluoride provide additive benefits and 
together may prove valuable in the prevention of oral diseases.11 Chlorhexi- 
dine and fluoride combined will result in chlorhexidine difluoride. Research 
has shown that chlorhexidine difluoride ionizes to the same extent as sodium  
fluoride in aqueous solutions.53 Some research indicates that reduced availabi- 
lity of CHX is unlikely to occur due to the incorporation of NaF in a formulation. 
Unlike monofluorophosphate (MFP)12, NaF appears compatible with CHX both 
in the rinse26,27 and toothpaste formulations47 when compared to an inactive 
ingredient placebo. It is more likely, however, that other ingredient in the CHX 
+ NaF − MW are complexing some of the CHX and reducing the availability 
of this antiseptic.31 A likely candidate would be sodium lauryl sulphate (SLS), 
which is the most commonly used anionic detergent in oral hygiene products. 
SLS assists in the solubilization of flavouring agents, but “in vitro” research has 
demonstrated that SLS and CHX may act as antagonists.48 Recently, the potential 
effect of SLS from dentifrice slurry on CHX efficacy was evaluated. Based on the 
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collective evidence, it was concluded that under normal brushing circumstan-
ces, an SLS dentifrice could be used without any interference with CHX activity  
regarding its inhibiting effect on the dental plaque.49

4.2 Parameters of interest 
Data with respect to plaque index scores were inconclusive because in 3 of the 
5 comparisons evaluating plaque measurements by the de novo plaque model, 
the CHX + NaF was significantly less effective than CHX alone. A single rinse 
study, not eligible for the present study, demonstrated that with respect to  
plaque accumulation over a 24-hour period, CHX + NaF − MW and the CHX − 
MW were not significantly different.41 In comparisons using an experimental 
gingivitis model, 2 did not demonstrate a difference and 2 were in favour of 
the CHX alone. However, these 4 comparisons originated from only 2 studies  
(III3 , IV33), which had different percentages of CHX. When the MW was used as 
an adjunct to self-performed daily oral hygiene in the brushing studies, 4 clinical 
trials did not demonstrate a difference and only one VI35 was in favour of the 
CHX + NaF (Table 2). No difference in tooth discoloration was observed between 
CHX + NaF − MW and CHX − MW (Table 2). Claydon et al.42 has suggested that 
CHX discoloration can serve as a surrogate but less substantive parameter of  
efficacy. They hypothesized that if discoloration was reduced, CHX could be 
inhibited. The absence of a significant difference in all included studies with  
respect to tooth discoloration would than suggests that the addition of NaF 
does not negatively affect CHX activity.

4.3 Research design 
The first category of clinical trials to test a chemotherapeutic agent should be 
designed to evaluate the antiplaque and antigingivitis effects of the compound 
incorporated in the MW. In this case, the “experimental gingivitis” design is 
highly suitable.56 In the literature, this type of study has included test periods 
varying between 3 and 21 days. The original study of Löe et al.44 observed that 
the gingivitis induction period varied considerably (9-21 days) between the 
participants. Therefore, Wennström56 recommended that the “non-mechanical 
tooth cleaning period” should extend over a period of at least 14 to 21 days. Of 
the studies eligible for the present review, 5 clinical trials included a period of 
non-brushing that ranged from 4 to 21 days. Three of these (I31, II32, IXa43) varied 
between 4 and 11 days and did not reach the minimum of 14 days proposed 
by Wennström.56 The impact of this on the outcome of the present review can-
not be established. The 2 studies presenting 4 comparisons (III3 , IV33) that had 
an evaluation period of 21 days delivered contrasting results with respect to  
plaque scores but were in agreement with respect to gingivitis and tooth disco-
loration scores. Four of the 5 clinical trials (V34, VII36, VIII37, IXb43) that compared 
the 2 MWs as an adjunct to regular brushing did not observe a difference in 
plaque, gingivitis and tooth discoloration parameters, while study VI35 found an 
effect on plaque scores in favour of the CHX + NaF − MW.
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64.4 Heterogeneity 
The included studies were heterogeneous in terms of study design and dura- 
tion, CHX concentration, rinsing volume, duration of rinsing, addition of 
ethanol or CPC and manufacturers. CHX concentrations varied from 0.05% to 
0.2%. A recent Cochrane SR stated that here is high-quality evidence of a large 
reduction in dental plaque with CHX − MW used as an adjunct to mechanical 
oral hygiene procedures for 4 to 6 weeks and 6 months. And also that there 
is no evidence that one concentration of chlorhexidine rinse is more effective 
than another.57 In a previous SR, the effectiveness of 0.12% vs 0.2% CHX in MWs 
was evaluated.45 With respect to plaque inhibition, the results demonstrated a 
small but significant difference in favour of the 0.2% CHX concentration. The 
clinical relevance of this difference was considered negligible. Furthermore, Van 
Strydonck et al.9 state in their SR state that although the plaque inhibition of 
CHX is dosedependent and low-concentration rinses may be less effective, some 
studies have demonstrated the efficacy of 0.06% CHX in reducing plaque.45  
performed a subgroup meta-analyses relative to the duration of rinsing  
(30 seconds vs 60 seconds). Although the authors could not statistically compare 
the 2 subgroups, the difference was numerically small. They also performed a 
sub-analysis on the addition of ethanol to the MW solution and the different 
brands. The results of this analysis demonstrated that none of these variables 
contributed to the observed effect of CHX. This is supported by a recent RCT 
demonstrating that the twice-daily use of 0.2% CHX with or without alcohol in 
combination with brushing with standard fluoride toothpaste comparably re-
duced plaque and gingival inflammation after 6 weeks of treatment following 
a complete prophylaxis.46

4.5 Best of both worlds? 
The fluoride-chlorhexidine association was proposed almost 4 decades ago11 for 
a synergistic effect of the 2 drugs to control caries and gingivitis. A combination 
of an anticaries and antiplaque agent may be useful and provide added benefits 
and may prove valuable in the prevention of oral diseases. Also with respect to 
dentin hypersensitivity50, it was noted that CHX + NaF was more effective than 
NaF alone in reducing dentin hypersensitivity. As an explanation, the authors 
suggested that this might be due to the combined effect of plaque reduction 
and obliteration of dentin tubules. With the removal of plaque, the dentinal  
tubule apertures are optimally exposed to mineralization effects of saliva and 
fluoride. The present review does not address the effect that CHX may have 
on the concentration of NaF in the MW. It has, however, been shown in the 
past that, when combined together in the same vehicle, NaF and CHX do not  
decrease the presence of free ionized fluoride.15 The amount of fluoride  
retained in the mouth as well as the subsequent salivary fluoride concentrations 
were essentially the same for CHX + NaF and NaF rinses.51 Based on research 
with CHX and NaF varnishes, it was proposed that CHX and fluoride might even 
act synergistically.5
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4.6 Limitations 
 • The English language restriction could have introduced a language 
  bias. However, over the years, the extent and effects of such a possible
   bias  may have diminished because of the shift towards publication in 
  English.16  
 •  The subjects participating in the included studies differed and were in 
  none of the studies representative of regular dental practice patients.
   Study V34 included medical students, whereas the participants in 6 other
   clinical trials (I31, II32, III3 , IV33, IXa+b43) were dental (hygiene) students 
  while VIII37 used a combination of these populations. Two other studies 
  (VI35, VII36) included 13- to 25-year old participants from a school or a 
  specialized orthodontic practice and, in addition, had a (partial) mixed
   dentition. These groups most likely are not the regular user population.  
 •  Differences in the composition of the study products exist because in 
  some studies the MW also contained ethanol or CPC as an ingredient.
  This could have had an impact on study outcomes that we were not able 
  to analyse.

4.7 Recommendation for further research
The present review has shown that CHX − MW can be combined with NaF 
without losing the CHX effect on the plaque and gingivitis. It is, however,  
unclear if conversely CHX affects the properties of fluoride. Therefore, if an  
adjunctive remineralization potential is indicated, it still is “uncertain” whether 
a CHX + NaF − MW is an appropriate product. As CHX and fluoride may chemi-
cally interact, this aspect deserves further research before a recommendation 
can be given in favour of the CHX + NaF − MW.

5. Conclusion 

From this study, it can be concluded that NaF and CHX may be present in the 
same MW without reducing CHX efficacy with respect to plaque and gingivitis 
scores. Moreover, no difference in the development of tooth discoloration was 
observed.
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6. Clinical relevance 

6.1 Scientific rationale for the study 
Chlorhexidine (CHX) is a well-known antiseptic and sodium fluoride (NaF) is 
often used to prevent tooth decay. They have opposite charges and, based 
on their chemistry, may interact when used in the same mouthwash (MW). 

6.2 Principle findings 
No significant difference in plaque, bleeding, gingival scores and discolo- 
ration was observed. 

6.3 Practical implications 
When CHX and NaF are combined in an MW, the plaque and gingivitis in- 
hibiting effect is comparable to a regular CHX − MW. Tentatively, the addi-
tion of NaF to a CHX − MW provides apart from an antimicrobial effect the 
potential to promote remineralization. The latter still deserves further inves-
tigation. 
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Non Brushing studies

de novo plaque model

I31

Mendieta
et al. (1994)

II32

Quirynen 
et al. (2001)

IXa43

Villa
et al. (2017)

Study design cross over parallel cross over
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y

Random allocation* + + +

Allocation concealment ? ? ?

Blinded to product* + + +

Blinded to examiner* + + +

Blinding during statistical analysis ? ? ?

Balanced experimental groups* + + +

Reported loss to follow up* + + +

# (%)  of drop-outs 0 (0%) 8 (9.9%) 0 (0%)

Treatment identical, except for intervention* + + +

E
x
te

rn
a
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v
a
li

d
it

y

Representative population group +/- +/- +/-

Eligibility criteria defined* + + +

Sample size calculation and power ? ? +

Point estimates presented for the primary outcome + + +

Measures of variability presented for the primary 
outcome 

+ + +

Unit of analysis ?

Ramfjord 
and
Anti- 

Ramfjord

2 
contralateral 
quadrants

Include an per protocol analysis ? ? +

Include an intention-to-treat analysis + ? +

Correction for multiple comparisons ? + +

C
li

n
ic

a
l 

a
sp

e
ct

s Validated measurement + + +

Calibration examiner ? ? +

Reproducibility data shown - - -

Authors estimated risk of bias Low Low Low

Study 

Quality criteria

Online Appendix S1 
Methodological quality and potential risk of bias scores of the individual included 
studies.

Each aspect of the score list was given a rating of ‘+’ for an informative description of the item concerned and a study design meeting the quality 
standard, ‘-’ for an informative description without a study design that met the quality standard, and ‘?’ for lacking or insufficient information. 
When random allocation, defined eligibility criteria, blinding of examiners and patients, balanced experimental groups, identical treatment bet-
ween groups (except for intervention), and report of follow-up were present, the study was classified as having a low risk of bias. When one of 
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6

these seven criteria was missing, the study was considered to have a moderate potential risk of bias. When two or more of these criteria were 
missing, the study was considered to have a high potential risk of bias, as proposed by Van der Weijden et al. (2009).

For abbreviations, see Table 2 ? =  not specified/unclear, + = yes, - = no, * = reporting criteria for estimation the potential risk of bias 

Non Brushing studies
Brushing studies

Experimental gingivitis

III3

Bascones 
et al. (2005)

IV33

Lorenz 
et al. (2006)

V34

Hoffmann 
et al. (2001)

VI35

Jayaprakash
et al. (2007)

VII36

Dehghani 
et al. (2015)

VIII37

Shukla
et al. (2016)

IXb43

Villa
et al. (2017)

parallel parallel cross over parallel parallel parallel cross over

+ + + + + + +

? + + + ? + ?

+ + + + + + +

+ + + + + + +

? ? + ? ? ? ?

+ + + + + + +

+ + + ? + ? +

0 (0%) 6 (6.3%) 0 (0%) ? 0 (0%) ? 0 (0%)

+ + + + + + +

+/- +/- +/- +/- +/- +/- +/-

+ + + + + + +

? ? ? ? ? ? +

+ + + + + + +

+ + + + + + +

Ramfjord ?
Anti- 

Ramfjord
full mouth selected full mouth

2 
contralateral 
quadrants

? + ? ? ? ? +

+ + + + + + +

+ + + ? + ? +

+ + + ? + + +

? + ? ? + ? +

- - - - - - -

Low Low Low Moderate Low Moderate Low
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Online Appendix S2 Plaque
Mean (SD) scores for the different intervention groups with various indices and their 
modifications.

Design # Index
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I31

Mendieta et al. (1994)
Turesky et al. (1970)60 modification of the Quigley & Hein (1962)57

Silness & Löe (1964)59

II32

Quirynen et al. (2001)
Turesky et al. (1970)60 modification of the Quigley & (1962)57

Turesky et al. (1970)60 modification of the Quigley & Hein (1962)57

IXa43

Villa et al. (2017)
Turesky et al. (1970)60 modification of the Quigley & Hein (1962)57
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III3

Bascones et al. (2005)
Turesky et al. (1970)60 modification of the Quigley & Hein (1962)57

Turesky et al. (1970)60 modification of the Quigley & Hein (1962)57

IV33

Lorenz et al. (2006)
Silness & Löe (1964)59

Silness & Löe (1964)59

B
ru

sh
in

g

V34 
Hoffmann et al. (2001)

Silness & Löe (1964)59

VI35 
Jayaprakash 
et al. (2007)

Silness & Löe (1964)59

VII36 
Dehghani et al. (2015)

Turesky et al. (1970)60 modification of the Quigley & Hein
plaque index (1962)57

VIII37 
Shukla et al. (2016)

Turesky et al. (1970)60 modification of the Quigley & Hein 
plaque index (1962)57

IXb43 
Villa et al. (2017)

Turesky et al. (1970)60 modification of the Quigley & Hein 
plaque index (1962)57

abbreviations, see Tables 1 and 2. 
◊ = calculated by the authors of this review based on the presented data in the selected paper  
♦ = provided by the original author  
₪ = insufficient data presentation
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Intervention groups Mean (SD)

Product Equation % Baseline End Difference

CHX + NaF
CHX

0.12% + 0.022%
0.12%

₪
₪

₪
₪

?
?

CHX + NaF
CHX 

0.12% + 0.022%
0.12%

₪
₪

₪
₪

?
?

CHX + NaF
CHX 

1 0.12% + 0.05%
0.12%

0 ◊
0 ◊

2.4
1.8

2.4 ◊
1.8 ◊

CHX + NaF
CHX + CPC

2 0.12% + 0.05%
0.12% + 0.05%

0 ◊
0 ◊

2.4
1.7

2.4 ◊
1.7 ◊

CHX + NaF
CHX

0.12% + 0.05%
0.12%

0 ◊
0 ◊

1.26 (0.42) ♦
1.25 (0.44) ♦

1.26 ◊
1.25 ◊

CHX + NaF 
CHX 

1 0.12% + 0.05%
0.12%

0.13 (0.13)
0.13 (0.10)

2.40 (0.64)
1.86 (0.51)

2.26 (0.67)
1.75 (0.55)

CHX + NaF
CHX + CPC

2 0.12% + 0.05%
0.12% + 0.05%

0.13 (0.13)
0.11 (0.10)

2.40 (0.64)
1.90 (0.60)

2.26 (0.67)
1.79 (0.59)

CHX + NaF
CHX 

1 0.2% + 0.055%
0.2%

0.22 (0.10) ♦
0.27 (0.13) ♦

0.22 (0.20) ♦
0.20 (0.24) ♦

0.01 (0.23) ♦ 
0.07 (0.25) ♦

CHX + NaF
CHX/ethanol

2 0.2% + 0.055%
0.2%

0.22 (0.10) ♦
0.24 (0.15) ♦

0.22 (0.20) ♦
0.17 (0.13) ♦

0.01 (0.23) ♦ 
0.07 (0.16) ♦

CHX + NaF
CHX

0.06% + 250 ppm
0.06 %

0.57 (0.30) ♦
0.58 (0.30) ♦

0.33 (0.24) ♦
0.28 (0.16) ♦

0.24 ◊
0.30 ◊ 

CHX + NaF
CHX

0.05 % + 0.05% 
0.05%

0.08
0.11

0.05
0.08

0.03 ◊
0.03 ◊

CHX + NaF
CHX

0.06 % + 0.05% 
0.06 % 

2.26 (0.96)
2.20 (0.81)

0.60 (0.43)
0.56 (0.45)

1.66 (0.72)
1.63 (0.54)

CHX + NaF
CHX

0.2% + 0.05%
0.2%

1.52 (0.21)
1.61 (0.10)

1.29 (0.10)
1.35 (0.13)

0.23 ◊
0.26 ◊

CHX + NaF
CHX

0.12% + 0.05%
0.12%

1.43 (0.34) ♦
1.29 (0.29) ♦

0.71 (0.28) ♦
0.71 (0.26) ♦

0.72 (0.46) ♦
0.58 (0.28) ♦
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Online Appendix S3 Gingival index
Mean (SD) scores for the different intervention groups with various indices and their 
modifications. 

Design # Index
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III3

Bascones et al. (2005)
Loë and Silness (1963)39

Loë and Silness (1963)39

IV33

Lorenz et al. (2006)
Loë (1967)38

Loë (1967)38

B
ru

sh
in

g

V34 
Hoffmann et al. (2001)

Loë (1967)38

VI35 
Jayaprakash 
et al. (2007)

Loë and Silness (1963)39

VII36 
Dehghani et al. (2015)

Modified Gingival Index Lobene et al.(1986)55

IXb43 
Villa et al. (2017)

Loë (1967)38

For abbreviations, see Tables 1 and 2. 
◊ = calculated by the authors of this review based on the presented data in the selected paper  
♦ = provided by the original author  
₪ = insufficient data presentation
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Intervention groups Mean (SD)

Product Equation % Baseline End Difference

CHX + NaF 
CHX 

1 0.12% + 0.05%
0.12%

0.24 (0.30)
0.26 (0.29)

0.84 (0.36)
0.77 (0.30)

0.60 (0.36)
0.51 (0.33)

CHX + NaF
CHX + CPC

2 0.12% + 0.05%
0.12% + 0.05%

0.24 (0.30)
0.23 (0.22)

0.84 (0.36)
0.94 (0.34)

0.60 (0.36)
0.71 (0.35)

CHX + NaF
CHX 

1 0.2% + 0.055%
0.2%

0.32 (0.16) ♦
0.31 (0.16) ♦

0.53 (0.26) ♦
0.47 (0.21) ♦

0.20 (0.24) ♦ 
0.16 (0.15) ♦

CHX + NaF
CHX/ethanol

2 0.2% + 0.055%
0.2%

0.32 (0.16) ♦
0.33 (0.15) ♦

0.53 (0.26) ♦
0.53 (0.26) ♦

0.20 (0.24) ♦ 
0.20 (0.19) ♦

CHX + NaF
CHX

0.06% + 250 ppm
0.06 %

0.46 (0.24) ♦
0.55 (0.30) ♦

0.36 (0.24) ♦
0.32 (0.22) ♦

0.10 ◊
0.23 ◊

CHX + NaF
CHX

0.05 % + 0.05% 
0.05%

0.06 
0.05

0.04
0.09

0.02
+0.04

CHX + NaF
CHX

0.06 % + 0.05% 
0.06 %  

2.43 (0.84)
2.33 (0.69)

0.63 (0.39)
0.70 (0.49)

1.80 (0.64)
1.63 (0.61)

CHX + NaF
CHX

0.12% + 0.05%
0.12%

0.65 (0.17) ♦
0.69 (0.19) ♦

0.35 (0.16) ♦
0.39 (0.18) ♦

0.30 (0.14) ♦
0.30 (0.16) ♦
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Online Appendix S4 Bleeding
Mean (SD) scores for the different intervention groups with various indices and their 
modifications. 

Design # Index Intervention groups Mean (SD)
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IV33

Lorenz 
et al. 
(2006)

Bleeding On 
marginal 
Probing (BOP) 
Ainamo & Bay 
(1975)53

CHX + NaF

CHX MW 

1 0.2% + 
0.055%
0.2%

₪

₪

0.17 
(0.02)

0.16 
(0.02) 

?

?

Bleeding On 
marginal 
Probing (BOP) 
Ainamo & Bay 
(1975)53

CHX + NaF

CHX MW /
ethanol

2 0.2% + 
0.055%
0.2%

₪

₪

0.17 
(0.02)

0.17 
(0.02)

?

?

B
ru

sh
in

g

VII36 
Dehghani 
et al. 
(2015)

Bleeding Index 
(BI) Saxton CA, 
van der 
Ouderaa FJ. 
(1989)58

CHX + NaF

CHX

0.06 % + 
0.05% 
0.06 %  

1.50 
(0.51)

1.56 
(0.49)

0.2 (0.36)

0.2 (0.36)

1.33 
(0.44)

1.36 
(0.44)

For abbreviations, see Tables 1 and 2. 
◊ = calculated by the authors of this review based on the presented data in the selected paper  
♦ = provided by the original author  
₪ = insufficient data presentation
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6Online Appendix S5 Discoloration
Mean (SD) scores for the different intervention groups with various indices and their 
modifications. 
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III3

Bascones 
et al. 
(2005)

Lobene 
(1968)56

CHX + NaF 

CHX 

1 0.12% + 
0.05%
0.12%

0.05 (0.10)

0.08 (0.13)

0.65 (0.49)

0.73 (0.73)

0.60 (0.49)

0.65 (0.77)

Lobene 
(1968)56

CHX + NaF

CHX + CPC

2 0.12% + 
0.05%
0.12% + 
0.05%

0.05 (0.10)

0.06 (0.08)

0.65 (0.49)

0.70 (0.55)

0.60 (0.49)

0.64 (0.56)

IV33

Lorenz
et al.
(2006)

Brecx 
(1993)54

CHX + NaF

CHX 

1 0.2% + 
0.055%
0.2%

0.20 (0.14) ♦

0.22 (0.14) ♦

1.48 (0.50) ♦ 

1.43 (0.51) ♦

1.28 (0.45) ♦ 

1.21 (0.46) ♦

Brecx 
(1993)54

CHX + NaF

CHX/
ethanol

2 0.2% + 
0.055%
0.2%

0.20 (0.14) ♦ 

0.18 (0.08) ♦

1.48 (0.50) ♦ 

1.40 (0.36) ♦

1.28 (0.45) ♦

1.22 (0.34) ♦

B
ru

sh
in

g V34 
Hoffmann 
et al. 
(2001)

Brecx 
(1993)54

CHX + NaF

CHX

0.06% + 
250 ppm
0.06 %

0.29 (0.11) ♦ 

0.24 (0.14) ♦

1.10 (0.33) ♦ 

1.07 (0.36) ♦

0.81 ◊

0.83 ◊

For abbreviations, see Tables 1 and 2. 
◊ = calculated by the authors of this review based on the presented data in the selected paper  
♦ = provided by the original author  
₪ = insufficient data presentation
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Online Appendix S6 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the baseline scores of the Q&H PI for the brushing studies.

Online Appendix S7 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the end scores of the T Q&H PI for the brushing studies.

Online Appendix S8 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the overall end scores the T Q&H PI for the brushing studies.

Online Appendix S9 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the baseline scores of the L&S GI for the non brushing group using an  
experimental gingivitis model.
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6Online Appendix S10 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the end scores of the L&S GI for the non brushing group using an experi-
mental gingivitis model.

Online Appendix S11 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on difference in L&S GI for the non brushing group.

Online Appendix S12 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the baseline scores of the L&S GI for the brushing group.

Online Appendix S13 
Forrest plots using a fixed model of the performed meta-analysis on the efficacy of 
CHX+NaF on the end scores of the L&S GI for the brushing group.
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General discussion, summary and conclusions

The overall topic of this thesis is Prevention and Oral Hygiene, and it has explored 
a broad spectrum of topics regarding oral hygiene instructions, toothbrushes, 
and mouthwashes. Adequate oral hygiene is an essential habit for maintaining 
oral health.1 Dental Care Professionals (DCPs) have responsibility for advising 
their clients to actively remove dental plaque at regular intervals.2 This advice 
is based on the principle that dental plaque leads to caries and gingivitis, and 
on the assumption that gingivitis and periodontitis are on the same continuum 
of inflammatory disease.3,4 Oral hygiene instructions primarily concern brushing 
techniques, types of toothbrush, types of bristles, duration of brushing, and 
when to change the toothbrush. They may also include information on tooth-
paste, interdental cleaning devices, and the effectiveness of mouthwashes.

Dental Care Professions
The need for dental care can be reduced by optimal selfcare. There are sever-
al ways of providing individual advice on oral selfcare at the chair side. For  
instance, oral hygiene instructions can be given verbally, in a hands-on man-
ner, or using a (brushing) model. They can also be supplemented by the use of  
leaflets, apps, or web applications. Information can be delivered to the general 
public via publicity campaigns and online. Today, the internet is the key source 
of all types of information. It is vital that professional organisations are com-
municating with the general public about oral care. The advice and informa-
tion about toothbrushing as available on websites of professional dental care 
associations (PDCAs) in English-speaking countries was evaluated in Chapter 2. 
The evaluation found that only 35% of the PDCAs with a website provided 
advice and/or information about toothbrushing. Although little consensus was 
found on these websites, and there was significant heterogeneity, all PDCAs 
recommended twice daily brushing with a manual toothbrush (MTB) and flu-
oride toothpaste. The results also indicate that there is a need for alignment 
in the professional information given to the general public with respect to ty-
pes of toothbrushes, toothbrushing instructions and techniques, and various 
other aspects. Umbrella PDCAs such as the World Dental Federation (FDI) and  
International Federation of Dental Hygienists (IFDH) should take responsibility 
for developing universal oral hygiene guidelines for the general public.
The websites as evaluated in Chapter 2 belonged to dental associations (DAs) 
and dental-hygienist associations (DHA). However, in recent decades other 
DCPs have also emerged around the world. For instance, in addition to dental  
hygienists (DHs), there are also dental therapists (DTs) and oral health thera-
pists (OHTs).5 These primary healthcare professions have been established to 
share the burden of dentists and allow them to focus on more complex dental 
treatments.6 They are also intended to improve access to dental care.5 How- 
ever, there are fundamental and legal differences between the DH, DT, and 
OHT professions. For instance, DTs focus on treating children who are at risk of 
early childhood caries. They provide a limited range of restorative care and non- 
surgical extractions. In contrast, the focus of a DH is on providing non-surgi-
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7cal periodontal therapy to treat adults at risk of periodontal diseases.5,7,8,9 The  
dually qualified OHT serves as a prevention-focused oral health generalist, 
providing both DT and DH care.5 Making this even more complex, in some coun-
tries, an OHT is at the educational bachelor standard and titled a ‘dental hygie-
nist’. In addition, staff such as dental nurses, dental assistants, and dental prop-
hylaxis assistants, that originally had primarily supportive tasks, are now given 
oral health care tasks. Studies have demonstrated the benefits of the various 
dental practice professionals, highlighting that they increase practice efficiency 
and effectiveness in service provision and increase workforce capacity.10,11

Teledentistry
The COVID pandemic has led to the accelerated growth of telemedicine services. 
E-health, mobile health, or telehealth are modern approaches in healthcare.12  

Communication via online platforms, such as mHealth, can provide the general 
public with oral health information.13 Teledentistry is a technology that combi-
nes the use of telecommunications and dentistry14 via smartphones and other  
wireless technology.15 It involves the use of electronic information, imaging, and 
communication technologies (including interactive audio, video, and data com-
munications, as well as store-and-forward technologies). There are four forms 
of teledentistry: 
• Synchronous via live video: A two-way interaction between a patient (and if  
 needed, a caregiver) and a DCP, using audio-visual telecommunications  
 technology.
• Synchronous via the store-and-forward method: Transmission of recorded  
 health information (e.g., radiographs, digital impressions) through a secure  
 electronic communications system to a DCP, who uses the information to  
 evaluate the patient’s condition or deliver a service outside of a real-time or  
 live interaction.
• Remote patient monitoring: Personal health and medical data collection from  
 an individual in one location is transmitted via electronic communication 
 technologies to a DCP in a different location for use in care and for related  
 support of care.
• Mobile health (mHealth): Health care and public health practice and educati- 
 on supported by mobile communication devices such as mobile phones, tablet  
 computers, and personal digital assistants.16,17

In circumstances where a DCP is not available (e.g., in rural areas), other health-
care workers can act as substitutes to provide and support dental-care delive-
ry. Teledentistry is an efficient and effective tool for remote screening, caries  
detection18, diagnosis, consultation, treatment planning, and mentoring.19  
Recent evidence suggests that messages and apps are particularly promising 
clinical tools for preventing problems and promoting oral health, reflecting the 
accelerated virtualisation of dentistry.20 Teledentistry seems particularly useful 
for the transfer of dental advice, information, and education to the general 
public. As shown in Chapter 2, the provision of advice and information on PDCA 
websites is a simple form of teledentistry in the mHealth model.
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Oral Hygiene Behaviour
Besides the generic recommendation of twice daily brushing with a MTB and 
fluoride toothpaste, no further consensus was found in Chapter 2. Strong  
heterogeneity was found between recommendations for toothbrushing techni-
ques and toothbrushing related instructions. Chapter 3 presents a retrospective 
analysis of oral hygiene behaviour at the periodontal practice level, evaluating 
changes following intensive oral hygiene instructions during the initial non- 
surgical phase of periodontal therapy. The patients included had been diag-
nosed with moderate to severe periodontitis and were repeatedly provided 
with oral hygiene instructions and reinforcement during the active-phase of 
Non-Surgical Periodontal Therapy (NSPT). This consisted of supra- and sub- 
gingival debridement and polishing.21 The promotion of improvement in 
self-performed daily oral hygiene and consequent oral hygiene behaviour  
changes in toothbrushing and interdental cleaning behaviour are key to perio-
dontal therapy.22,23 The patients in the study were requested at intake to fill out 
the Oral Hygiene Behaviour questionnaire (OHB-9) to assess their oral hygiene 
self-care practices regarding toothbrushing, interdental cleaning, dentifrice use, 
and tongue cleaning. This was repeated at the evaluation of the NSPT appoint-
ment. The author who devised and validated the OHB questionnaire is a Dutch 
dental hygienist and psychologist. Her work found that this questionnaire may 
serve as a tool for use in clinical settings to assess and monitor the oral hygiene 
behaviour of individual patients.24 In addition, it could inspire the practice of 
oral health promotion.24 The results presented in Chapter 3 showed that, at 
the evaluation of NSPT, patients were brushing longer and more often using 
a powered toothbrush (PTB), woodsticks (WS), and interdental brushes (IDBs) 
on a daily basis. A series of systematic reviews provided support for a positive 
effect of power toothbrushing25 and the adjunctive use of interdental cleaning 
devices26,27 such as WS28 and IDBs.29 These reviews evaluated the effect of these 
products on gingivitis patients. However, for patient self-care in periodontal 
maintenance, no strong ‘evidence-based’ conclusions can be drawn concerning 
any specific oral hygiene device.30

Although the results in Chapter 3 are promising, one should not forget that 
the maintenance of periodontal health following NSPT involves lifelong sup-
portive care to reinforce daily removal of plaque by the patient at a high level.31  
Adherence to health professionals’ recommendations is approximately 30–60%. 
So, what could DCPs do to increase health information and knowledge of  
recommendations to improve oral health and attitudes?32,33 It has been shown 
that a substantial amount of the information provided in the clinician-patient 
encounter is forgotten within an hour, such that approximately 50% of health 
recommendations are not followed.32,34 Therefore, a greater understanding of 
behavioural motivation is required to identify how behaviour change efforts 
should be approached.23 Oral health promotion is most likely to be effective 
when based on behavioural and psychological models. An approach with grea-
ter theoretical emphasis, based on validated models and teaching DCPs about 
health psychology could ensure more effective oral health promotion.35 A lack 
of understanding in this area may explain why effects have not yet been seen 
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7for individual specific motivational and/or informational interventions designed 
to prevent either caries or periodontal diseases.36 The need to prevent persistent 
non-compliance makes health-behaviour change one of the most rewarding 
and challenging responsibilities of the DCPs.32

Toothbrushing
Daily toothbrushing to remove plaque is the first and most important step in 
oral self-care.31,37,38 Brushing time appears to be an important variable in plaque 
removal effectiveness, as efficacy increases with time.39 In addition, both the fre-
quency and accuracy of the brushing contribute to the final result.40,41 A syste-
matic review of manual toothbrushing techniques showed inadequate evidence 
in order to come to a recommendation for a specific method or technique on 
plaque removal and reduction of gingival inflammation.42

In this respect PTBs with various mechanical motions allow the users to concen-
trate on the correct placement of the brush rather than focusing on the move-
ment of the brush.30 Various systematic reviews have evaluated the efficacy of 
PTBs compared to MTBs25,43,44 In general, these studies conclude that PTBs are 
more effective than MTBs in reducing dental plaque and improving gingival 
health. Moreover, both toothbrush types are considered to be safe.45 Chapter 4 
evaluated based on a systematic review of the literature the PTB as compared 
to an MTB, specifically analysing single brushing exercises. Based on 17 eligible 
publications presenting 36 comparisons there is moderate certainty that the PTB 
was more effective than the MTB with respect to plaque removal independent 
of the plaque index scale that was used. Recently this outcome has been confir-
med in a network meta-analysis (NMA) which concluded that based on single 
brushing exercises there is a high certainty for a small effect of a PTB over an 
MTB and supports the recommendation to use a powered toothbrush for daily 
plaque removal.46

More than a decade ago, the Cochrane Oral Health group has evaluated 
the direct comparison between PTBs with different modes of actions47 and 
concluded that in the short term there was some evidence that oscillating- 
rotating brushes reduce plaque and gingivitis more than side to side brushes. How- 
ever, this difference was small and its clinical importance was considered unclear. 
Currently, the two most common commercially available PTBs on the market 
are the oscillating-rotating (OR) and high-frequency sonic (HFS) technologies.48  
Recently, several systematic reviews have evaluated these technologies. The 
conclusions of these reviews vary, with some suggesting that ‘evidence does 
not suggest the superiority of PTBs for reducing plaque or gingivitis scores’,49 
while others showing that ‘there is some evidence that OR might remove more  
plaque and reduce the number of bleedings sites better than HFS’.50 A systematic 
review by the ACTA research group evaluated the OR-PTB and compared it 
to the HFS-PTB, based on single brushing exercise, concluding that there was  
moderate certainty of evidence of a very small but significant beneficial effect 
of the OR-PTB on plaque removal.51 This finding was recently confirmed in a 
recent NMA.46
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Dentifrice
‘Dentifrice’ (or ‘toothpaste’) is a general term describing the preparations used, 
together with a toothbrush, for the purpose of cleaning and polishing the 
teeth.52 Although a dentifrice does not contribute to the mechanical removal 
of dental plaque,53 it does contain abrasives that help to remove stained pellicle 
and polish the teeth.54 It is also highly appreciated by its users for providing a 
feeling of oral freshness and cleanliness.55 Dentifrice plays an active role in den-
tal prevention, as it is an ideal vehicle for active anti-caries and anti-gingivitis 
ingredients such as fluoride. A Cochrane systematic review found convincing 
evidence that fluoride dentifrice prevents caries better than non-fluoridated 
variants56 and that twice daily brushing increases this effect.57 Worldwide fluo-
ride containing dentifrices are by far the most effective way of delivering the 
fluoride that serves as the gold standard.
This public health intervention is designed for self-care as part of daily 
toothbrushing for by all age groups throughout the lifespan.58 In 2021, the  
World Health Organization (WHO) announced an update to its Model List 
of Essential Medicines for Adults and Children, topical fluoride-containing  
preparations such as toothpaste.59,60 Therefore the WHO58 encourages 
twice-daily tooth brushing with fluoride containing dentifrice 
to prevent dental disease.61 Unfortunately, both globally and regi-
onally, poor population groups struggle to access fluoride tooth- 
paste, and measures are required to improve its affordability.58 Also the  
quality of these fluoride toothpaste products needs attention as deficiencies 
were found regarding the total as well as the free ionisable fluoride concentra-
tion of toothpastes bought in non-established market economy countries.62,63

From a practical point of view, it is not recommended to rinse with  
water after toothbrushing, as rinsing can influence the saliva fluoride concen-
tration.64 Alternatively, instead of rinsing with water or only expectorating the 
dentifrice foam, a fluoride mouthwash could be used, as this has been shown 
the fluoride concentration in saliva was more pronounced.65

Dentifrices are complicated formulations with complex ingredients.  
After World War II, the development of synthetic surfactants led to the in-
troduction of sodium lauryl sulphate (SLS). Owing to its properties and 
foaming effect, this remains the most widely used surfactant in dentifri-
ces.64 To create a foaming action, detergents such as SLS may help to in-
crease the solubility of plaque and accretions during brushing.67,68 When 
toothbrushing is not possible or difficult, the use of a mouthwash can be 
considered. Chlorhexidine digluconate (CHX) is recognised as the gold 
standard in chemical plaque control and is known to be an effective anti- 
plaque and anti-inflammatory agent.69,70,71 In vitro, SLS and CHX may act as 
antagonists.72 Toothbrushing shortly after rinsing with CHX may decrease  
anti-plaque efficacy.73 Chapter 5 evaluated the existing literature in a syste- 
matic manner the effectiveness of a CHX mouthwash used in combination with 
a SLS-containing dentifrice, focusing on the parameters of plaque and gingi- 
vitis. Four eligible publications, with nine comparisons were included and analy-
sed, using both descriptive analysis and meta-analysis. No significant differences 
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7were observed when SLS dentifrice was applied as a paste in combination with 
CHX mouthwash, regardless of the order of use. Thus, with moderate certainty, 
it was concluded that when a CHX mouthwash is recommended, it can be used 
in combination with an SLS dentifrice without any interference regarding its 
inhibiting effect on dental plaque.
Despite the positive aspects of SLS dentifrices, they may be contra- 
indicated due to their dehydrating and irritating effects on mucous  
membranes.74 SLS-containing dentifrices appear to increase the incidence and 
duration of recurrent aphthous ulcers, which are painful lesions and the most 
common oral mucosal disease. 74,75,76,77 It is even suggested that SLS may be  
contra-indicated for bedridden patients or those with a dry mouth and sensitive 
mucosa.74 As a consequence, some patients may benefit from SLS-free dentifrice 
for their daily oral care.76 Manufacturers have made attempts to reformulate 
dentifrices with SLS-free compositions. This is a first step towards low-allergen 
dentifrice formulations.68 This is in line with the social trend towards SLS-free 
products (such as soaps and shampoos), due to the skin-irritant potential and 
environmental burden of SLS.78,79

Chemical Agents
CHX is a broad-spectrum antiseptic and considered as the gold standard for  
chemical dental plaque control.69,70,71 Fluoride is considered the gold standard 
for caries prevention. It could therefore be valuable to combine CHX and  
fluoride in a mouthwash. Chapter 6 evaluated the existing literature in a sys-
tematic manner the efficacy of a CHX mouthwash containing sodium fluoride,  
compared to a mouthwash with CHX alone, with respect to parameters of  
plaque, gingivitis, and tooth surface discoloration. Based on nine eligible publi-
cations, presenting 10 clinical trials and providing 13 comparisons, a descriptive 
analysis and meta-analysis were performed. The outcomes show that CHX and  
sodium fluoride can be present in the same mouthwash without reducing the CHX  
efficacy anti-plaque and gingivitis efficacy. No difference in the development of 
tooth surface discoloration was observed.
Tooth surface discoloration is one of multiple side effects of CHX mouth-
washes. CHX use can lead to brown to black staining of teeth and tongue, taste  
disturbance, and adverse effects on the oral mucosa after prolonged use.69  
Those undesirable side effects limit the long-term use and the patient accep-
tability. There is moderate evidence that a combination of CHX mouthwash 
and an oxygenating agent mouthwash reduce tooth staining without inter- 
fering with plaque growth inhibition.80 However, these two products need to be 
used after each other. A more practical product is the CHX mouthwash with an  
integrated anti-discoloration system (ADS). A systematic review of the literature 
found moderate quality evidence in non-brushing studies that the addition of 
an ADS to a CHX mouthwash reduces tooth surface discoloration and does not 
appear to affect its properties with respect to gingival inflammation and plaque 
scores. Brushing studies provide moderate quality evidence that ADS does not 
affect the anti-plaque or anti-gingivitis efficacy of CHX.81
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Many other mouthwashes are available on the market. More traditional  
chemical products include Cetylperinidiumchloride (CPC)82, hydrogen peroxide83,  
octenidine dihydrochloride84, hexitidine85, sodium hypochlorite86, essential oils.87 
There has been a recent shift toward the incorporation of biogenic substances.88 

These include for instance herbal mouthwashes such as triphala89, Salvadora 
persica (miswak) extract90, Azadirachta indica (neem)91, curcumin92,93, aloe vera94, 
green tea95, propolos96, chitosan97, Lippia sidoides98, and different oils.99,100 In the 
scientific literature, the standardised formulation of essential oils mouthwashes 
appears to be the only reliable alternative in long-term use to CHX mouthwash 
with respect to parameters of gingival inflammation.101

Conclusions and Practical Implications of this Thesis

The websites of 35% professional dental care associations provided  
advice and/or information on toothbrushing without consensus 
and significant heterogeneity. All professional dental care associa- 
tions recommended twice daily brushing with a manual toothbrush and  
fluoride toothpaste. With respect to other recommendations on oral 
self-care, there appears to be a need for alignment. Changes in daily oral  
hygiene  behavior after the initial phase of Non-Surgical Periodontal 
Therapy based on the Oral Hygiene Behaviour questionnaire showed  
an increase in brushing time and the use of powered toothbrush, wood-
sticks, and interdental brushes. Based on single brushing exercises the 
powered toothbrush is more effective than the manual toothbrush 
with respect to plaque reduction. When a Chlorhexidine mouthwash 
is recommended, it can be used in combination with an  sodium lau-
ryl sulphate dentifrice without any interference regarding its inhibi-
ting effect on dental plaque, regardless of the order of use. Also sodium  
fluoride and Chlorhexidine may be simultaneously be present in the  
same mouthwash without reducing Chlorhexidine efficacy with  
respect to plaque and gingivitis scores. 

All the findings from the five chapters are directly applicable to the daily 
practice of Dental Care Professionals, and adherence will help to provide 
‘evidence-based’ advice.
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7A selection of additional oral health statements and recommendations, 
based on PhD theses by members of the research group 
Prevention & Therapy ACTA:

• The reasons for global neglect of oral health are complex and manifold 
 (Habib Benzian).
•  From an ecological perspective, preserving symbiotic biofilms should be a   
 keystone in the prevention of oral diseases (Mercedes Fernandez y Mostajo).
• Of all the factors for periodontitis, plaque remains the most important 
 (Mark Timmerman).
• The toothbrush is the most effective oral hygiene tool available 
 (Martijn Rosema).
• Toothbrushing efficacy increases with time (Fridus van der Weijden).
• Manual toothbrushes with end-rounded filaments cause less gingival 
 abrasions and there is no evidence supporting tapered filament brushes 
 (Nienke Hennequin-Hoenderdos).
• Rinsing with water before toothbrushing or the use of a pre-wetted 
 toothbrush do not contribute to toothbrush efficacy (Eveline van der Sluijs).
• Dentifrice does not enhance the mechanical brushing effect but provides a 
 long-lasting effect of toothbrushing (Cees Valkenburg).
• Chlorhexidine dentifrice or gel appears to be a poor alternative for a 
 fluoride dentifrice (Dagmar Else Slot).
•  The wood stick can be used for self-assessment of gingival inflammation 
 (Dick Barendrecht).
• The correct application of the individually adjusted interdental cleaning 
 device leads to an improved oral hygiene self-care (Sonja Sälzer).
• Rinsing for 30 seconds with a mouth rinse was found to be sufficient in order
 to reach all intra-oral surfaces (Spiros Paraskevas).
• There is strong evidence for the anti-plaque and anti-gingivitis effects of 
 a CHX mouth rinse (Danielle van Strydonck).
• For long-term use the standardised formula of an essential oil mouthwash is 
 a reliable alternative to chlorhexidine mouthwash (Martijn van Leeuwen).
• The current home care recommendations for dental implants are based 
 on the knowledge that is available with respect to cleaning of natural teeth 
 (Anna Louropoulou).
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7
Basic Oral Self-care

Brush twice daily for 2 minutes with a fluoride toothpaste

Findings based on this thesis:

Even though there is large 
heterogeneity of information 
concerning toothbrushing on dentist 
and dental hygienist associations 
websites, all do support the basic oral 
selfcare advice.

After non-surgical periodontal 
therapy, including repeated oral 
hygiene instructions, patients brush 
longer and more often use a 
powered toothbrush, woodsticks and 
interdental brushes.

A powered toothbrush is more 
effective than a manual toothbrush 
for plaque removal.

Chlorhexidine mouthwash is still 
effective when used after tooth-
brushing with an 
SLS toothpaste.

A chlorhexidine mouthwash 
formulation can contain fluoride 
and maintain its effectiveness.
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Inleiding
Volgens de FDI World Dental Federation (FDI) omvat mondgezondheid de  
mogelijkheid om te spreken, te lachen, te ruiken, te proeven, aan te ra-
ken, te kauwen en emoties uit te drukken via de gezichtsuitdrukking met  
zelfvertrouwen en zonder pijn, ongemak, klachten en stoornissen in het hoofd-,  
gezichts- en kaakgebied. Mondgezondheid wordt beschouwd als een belang-
rijk onderdeel van de algemene gezondheid en de kwaliteit van leven. In 2017 
is de inschatting gemaakt dat wereldwijd ongeveer 3,5 miljard mensen een 
aandoening in de mondholte hebben, wat ongeveer de helft van de wereld- 
bevolking betreft. De meest voorkomende mondziekten zijn tandbederf  
(cariës) en tandvleesontsteking (gingivitis, parodontitis). Beide aandoeningen 
kunnen tot grote financiële lasten op persoonlijk en landelijk niveau leiden. 
Mondziekten vormen daarom een uitdaging voor de volksgezondheid. Net  
zoals hart- en vaatziekten en suikerziekten zijn mondziekten voorbeelden van 
niet-overdraagbare ziekten en zij delen risicofactoren zoals suikerconsum- 
ptie, alcoholconsumptie en tabaksgebruik. Wereldwijd groeit de noodzaak van  
bevordering, preventie en behandeling van de algemene gezondheid en de 
noodzaak om mondgezondheid daarin als onderdeel te integreren, temeer 
daar er sociale ongelijkheden op het gebied van mondaandoeningen zijn. Het 
blijkt dat de lasten van mondziekten in economisch ontwikkelde landen zijn 
afgenomen en dat deze in economisch minder ontwikkelde landen juist zijn 
toegenomen. Dit duidt erop dat de kloof tussen arme en rijke landen ook ten 
aanzien van de mondgezondheid groter wordt.

Mondiale strategie voor mondgezondheid
Volgens de Wereldgezondheidsorganisatie (WHO) moet iedereen gedurende 
het gehele leven toegang hebben tot essentiële en kwalitatief hoogwaardige 
gezondheidsdiensten ter bevordering van de mondgezondheid. De WHO heeft 
daarom een mondiale strategie en een mondiaal actieplan ontwikkeld voor het 
bevorderen van mondgezondheid. Dit plan is erop gericht om tabaksgebruik 
te stoppen en alcoholgebruik te reduceren door middel van maatschappelij-
ke gezondheidsbevorderingsprojecten, scholing en preventie. Een belangrijk  
aandachtspunt is de toegang tot mondzorg, die van belang is om een ge-
lijkwaardige basis en een gezonde mond voor iedereen te waarborgen. In 
het actieplan is aangegeven dat het ook gebruik wil maken van de moderne  
digitale technologie teledentistry. De overkoepelende organisaties van beroeps-
verenigingen in de mondzorg, voor tandartsen de FDI , voor mondhygiënisten 
de internationale federatie voor mondhygiënisten (International Federation 
of Dental Hygienists - IFDH) en ook de internationale tandheelkundige weten-
schappelijke vereniging (International Association of Dental Research - IADR), 
ondersteunen deze strategie.
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8Mondziekten en tandplaque
Tandbederf en tandvleesontsteking zijn de belangrijkste oorzaken van het  
verlies van tanden en kiezen. Het ontstaan en voortschrijden van tandbederf en 
tandvleesontsteking is afhankelijk van meerdere factoren. Beide aandoeningen 
zijn gerelateerd aan de aanwezigheid van tandplaque en de daarin aanwezige 
bacteriën. Het beginstadium van tandvleesontsteking wordt gingivitis genoemd 
en kenmerkt zich door bloedend tandvlees. Het tweede stadium van tandvlees-
ontsteking heet parodontitis. Dit wordt gekenmerkt door een progressieve 
afbraak van de steunweefsels van tanden en kiezen, zoals bot en bindweef-
selvezels. Ernstige parodontitis is de zesde meest voorkomende aandoening  
onder de wereldbevolking en vormt daarmee een aanzienlijk probleem voor de 
volksgezondheid. Naar schatting heeft meer dan 11% van de volwassenen er 
last van en in een mildere vorm 50%. Hoewel gingivitis niet bij alle patiënten 
overgaat in parodontitis, is het voorkomen, onder controle houden of genezen 
van gingivitis de eerste strategie in de preventie van parodontitis. Behande-
ling van de ernstige tandvleesontsteking parodontitis bestaat uit professionele  
verwijdering van tandplaque en tandsteen, zowel boven als onder het tand-
vlees. Onlosmakelijk daarmee verbonden, is het geven van advies op maat 
over mondverzorging. Het succes van parodontale behandeling op de lange  
termijn wordt bepaald door een zorgvuldige dagelijkse mondhygiëne en het met  
regelmaat bezoeken van een mondzorgverlener ter controle en ondersteuning. 

Mondhygiënische zelfzorg 
Regelmatige preventieve tandheelkundige zorg, gericht op motivatie en  
herinstructie van de mondhygiëne, is van belang voor het verkrijgen en behou-
den van een gezonde mond. Het bereiken van een goede mondhygiëne vereist 
vaak een gedragsverandering om het niveau van de dagelijkse mondhygiëni-
sche zelfzorg te verbeteren. Zowel de Europese Vereniging voor Parodonto-
logie (Europen Federation of Periodonytology-EFP), de Amerikaanse tandarts  
vereniging (American Dental Association-ADA) als het Ivoren Kruis in Nederland 
adviseert om tweemaal per dag gedurende ten minste 2 minuten de tanden te 
poetsen met een fluoridetandpasta. Echter, met tandenpoetsen alleen wordt 
voornamelijk tandplaque verwijdert van de zichtbare tandoppervlakken, terwijl 
de gebieden tussen de tanden en kiezen niet goed bereikt worden. Daarom 
is het voor volwassenen aan te bevelen om ook dagelijks tussen de tanden en 
kiezen te reinigen. 

Advies
De behoefte aan professionele mondzorg kan worden verminderd door  
optimale zelfzorg. Het grote publiek kan hierover geïnformeerd worden via 
publiciteitscampagnes en digitale informatiebronnen. Internet is voor mensen 
tegenwoordig een belangrijke bron van allerhande informatie. Het is daarom 
wenselijk dat professionele organisaties zoals verenigingen van tandartsen en 
mondhygiënisten op een deel van hun websites wetenschappelijk onderbouwde 
patiënten informatie over optimale mondverzorging geven. Hoofdstuk 2  
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evalueert de adviezen over mondverzorging en met name de informatie over 
tandenpoetsen, zoals beschikbaar op websites van verenigingen van tand-
artsen en mondhygiënisten in Engelssprekende landen. Het blijkt dat slechts 
35% van de verenigingen met een website informatie en adviezen over mond- 
hygiëne verschaft. Er is echter veel diversiteit op dit vlak. Wel was er consensus 
over het feit dat tweemaal daags poetsen met een handtandenborstel en fluo-
ridetandpasta de basis is van goede mondzorg. Voor het overige is er behoef-
te aan (inter)nationale afstemming met betrekking tot patiënten informatie 
op de websites. Met name advies en informatie over soorten tandenborstels,  
poetsinstructie, omgang met de tandenborstel en reinigen tussen de tanden en 
kiezen vragen daarbij aandacht.

Mondhygiëne 
Poetsen met een tandenborstel is de belangrijkste manier om de tandplaque 
te verwijderen. Er worden twee typen tandenborstels onderscheiden: (1) de 
handtandenborstel, een relatief eenvoudig, veelgebruikt, goed verkrijgbaar en 
betaalbaar mondhygiënehulpmiddel, en (2) de elektrische tandenborstel, voor-
namelijk in de westerse wereld een veelgebruikt maar duurder alternatief. Op 
basis van wetenschappelijk onderzoek geldt in het algemeen dat elektrische 
tandenborstels effectiever zijn dan handtandenborstels in het verminderen van 
tandplaque en het reduceren van tandvleesontsteking. Voor het reinigen tussen 
de tanden en kiezen zijn verschillende producten verkrijgbaar, zoals flosdraad, 
houten en rubberen tandenstokers, monddouches en interdentale ragers. De 
producenten van deze mondhygiënische hulpmiddelen voor reinigen tussen de 
tanden en kiezen suggereren allemaal dat ze eenvoudig in het gebruik zijn en 
effectief in het verwijderen van tandplaque en het reduceren van tandvlees-
ontsteking. De wetenschappelijke literatuur is hiermee echter niet in overeen-
stemming. Daaruit blijkt namelijk dat het gebruik van flossdraad niet effec-
tief is, dat houten tandenstokers vooral de bloedingsneiging van het tandvlees  
verminderen en dat interdentale ragers en de monddouche de meest effectieve 
hulpmiddelen zijn.

In de praktijk
In hoofdstuk 3 wordt de verandering in mondhygiënegedrag geëvalueerd van 
patiënten die in een parodontologiepraktijk zijn behandeld. Deze patiënten 
waren door hun eigen tandarts doorverwezen in verband met de ernstige 
tandvleesontsteking parodontitis. Tijdens de eerste niet-chirurgische fase van 
de parodontale behandeling zijn de tandplaque en tandsteen zowel boven als 
onder het tandvlees verwijderd door een mondhygiënist. Daarbij kregen deze 
patiënten herhaaldelijk mondhygiëne-instructies en begeleiding die op de  
individuele situatie in de mond waren afgestemd. Zowel voorafgaand aan als 
na afloop van de parodontale behandeling hebben de patiënten een vragen-
lijst over hun mondverzorgingsgedrag ingevuld. Deze Oral Health Behaviour- 
vragenlijst is ontwikkeld om de zelfzorg met betrekking tot tandenpoetsen, 
reiniging tussen de tanden en kiezen, tandpastagebruik en tongreiniging te 
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8inventariseren. Door de gegevens van voor en na de behandelingsfase met  
elkaar te vergelijken, kan de gedragsverandering in mondhygiënische zelf-
zorg in kaart worden gebracht. De resultaten in hoofdstuk 3 tonen aan dat de  
patiënten na de behandeling dagelijks langer hun tanden poetsen en vaker met 
een elektrische tandenborstel. Tevens gebruiken zij vaker houten tandenstokers 
en interdentale ragers. 

Mechanische verwijdering van tandplaque
Momenteel zijn wereldwijd twee hoofdtypen elektrische tandenborstels  
verkrijgbaar. De oscillerend-roterende elektrische tandenborstel met een ronde 
borstelkop en de sonische elektrische tandenborstel met een kop die op die 
van een handtandenborstel lijkt. Omdat elektrische tandenborstels de bewe-
ging verzorgen, stellen deze de gebruiker in staat om zich te concentreren op 
de juiste plaatsing van de borstel, wat ten goede komt aan de effectiviteit van 
het poetsen. Poetstijd blijkt een belangrijk aspect te zijn van de effectiviteit van 
het verwijderen van tandplaque. De effectiviteit neemt toe met een toename 
van de poetstijd. Daarnaast draagt de frequentie van het poetsen bij aan het  
uiteindelijke resultaat. Deze aspecten worden vaak niet meegenomen in de  
conclusie dat elektrische tandenborstels effectiever zijn dan handtandenborstels. 
Om een zuivere vergelijking onder dezelfde omstandigheden te maken, kan 
in onderzoek gebruikgemaakt worden van het zogenoemde single-brushing- 
model. Hierbij wordt vooraf minimaal 24 uur niet gepoetst, zodat voldoende 
tandplaque aanwezig is. Voorafgaand aan het poetsen wordt de hoeveelheid 
tandplaque van een proefpersoon gemeten. Vervolgens poetst deze proef- 
persoon één keer, waarna de hoeveelheid tandplaque opnieuw gemeten wordt. 
In hoofdstuk 4 wordt aan de hand van een systematisch literatuuroverzicht de 
effectiviteit van de elektrische borstel in vergelijking met die van een hand- 
tandenborstel geëvalueerd op basis van onderzoek waarin dit  
single-brushing-model is gebruikt. Op basis van 17 geïncludeerde publicaties 
met daarin 36 vergelijkingen is met redelijke zekerheid vast te stellen dat de 
elektrische tandenborstel effectiever is voor het verwijderen van tandplaque 
dan de handtandenborstel. 

Tandpasta
Het is een algemeen gebruik om tandenpoetsen met een tandpasta te com-
bineren. Onderzoek heeft echter laten zien dat tandpasta tijdens een poets-
beurt niet bijdraagt aan de mechanische verwijdering van tandplaque. Wel 
bevat tandpasta schuurmiddelen die helpen om verkleuringen op het tandop-
pervlak te verwijderen en de tanden te polijsten. Het gebruik van tandpasta 
geeft de gebruiker daarnaast een schoon gevoel en kan bijdragen aan een 
frisse adem. Tandpasta speelt een actieve rol in de tandheelkundige preventie 
van tandbederf. Het gebruik van fluoride houdende tandpasta’s is verreweg de 
meest effectieve manier om de mond dagelijks van fluoride te voorzien. We-
reldwijd geldt dat fluoridetandpasta de gouden standaard is als het om tand- 
pasta’s gaat. Het samenstellen van een tandpasta vraagt zorgvuldigheid, omdat 
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tandpasta complexe ingrediënten bevat die elkaar ook kunnen tegenwerken, 
waardoor de effectiviteit verloren gaat. Vanwege de antibacteriële eigenschap-
pen en schuimende werking is natrium lauryl sulfaat (SLS) de meest gebruikte  
oppervlakte-actieve stof in tandpasta. Tandpasta’s met tinfluoride hebben naast 
een positief effect op tandbederf een antibacterieel effect wat kan bijdragen 
aan het verminderen van tandvleesontsteking.

Chemische ondersteuning bij mondverzorging
Wanneer tandenpoetsen niet mogelijk of moeilijk is, is het een overweging om 
een mondspoelmiddel met chemische antiplaque-ingrediënten te gebruiken. 
Mondspoelmiddelen worden gewaardeerd vanwege het gebruiksgemak. Een 
mondspoelmiddel met chloorhexidine is met betrekking tot het remmen van 
tandplaque aangroei en het reduceren van tandvleesontsteking de gouden 
standaard en daarom veelal de eerste keuze. In de bijsluiter van een mond-
spoelmiddel met chloorhexidine staat dat de tanden niet direct na het spoelen 
gepoetst dienen te worden. Het tandenpoetsen dient voor of geruime tijd na 
het spoelen plaats te vinden. Het Farmacotherapeutisch Kompas, het naslag-
werk voor medische professionals, stelt dat chloorhexidine niet verenigbaar is 
met anion-actieve stoffen zoals SLS. Hoofdstuk 5 evalueert aan de hand van een 
systematisch literatuuroverzicht de effectiviteit op tandplaque van een mond-
spoelmiddel met chloorhexidine in relatie tot het gebruik van een SLS-houden-
de tandpasta. Er zijn vier onderzoeken geïncludeerd met negen vergelijkingen. 
Hieruit blijkt dat poetsen met een SLS-houdende tandpasta, ofwel voor ofwel 
na het spoelen, geen negatief effect heeft op de werking van een mondspoel-
middel met chloorhexidine. Op basis hiervan kan met redelijke zekerheid wor-
den geconcludeerd dat indien een mondspoelmiddel met chloorhexidine wordt 
aanbevolen, er geen tijd hoeft te zitten tussen het poetsen en spoelen.
Omdat fluoride de gouden standaard is in de preventie van tandbederf, zou het 
waardevol kunnen zijn om fluoride te combineren met een mondspoelmiddel 
met chloorhexidine. Echter, omdat chloorhexidine en fluoride elkaar vanwege 
hun lading chemisch kunnen tegenwerken, wordt deze combinatie op basis van 
laboratoriumonderzoek ontmoedigd. Hoofdstuk 6 evalueert aan de hand van 
een systematisch literatuuroverzicht de werkzaamheid van een mondspoelmid-
del met chloorhexidine waaraan natriumfluoride is toegevoegd, in vergelijking 
met een mondspoelmiddel met alleen chloorhexidine. Er zijn negen publica-
ties met 10 klinische onderzoeken en 13 vergelijkingen gevonden. De uitkomst 
toont aan dat chloorhexidine en natriumfluoride beide in een mondspoelmid-
del aanwezig kunnen zijn zonder dat de effectiviteit van chloorhexidine wordt 
aangetast.
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8
Basis Advies Mondzorg

Poets 2 maal daags gedurende 2 minuten met een fluoride tandpasta

Uit dit proefschrift blijkt:

Ondanks de grote verschillen van 
informatie over tandenpoetsen op 
websites van tandarts- en 
mondhygiënisten verenigingen, 
ondersteunen ze alle het basisadvies 
mondzorg.

Na niet-chirurgische parodontale 
therapie, met herhaalde 
mondhygiëne instructie, poetsen 
patiënten langer en gebruiken zij 
vaker een elektrische tandenborstel, 
tandenstokers en interdentale ragers.

Een elektrische tandenborstel is 
effectiever dan een 
handtandenborstel om tandplaque 
te verwijderen.

Chloorhexidine mondspoelmiddel is 
nog steeds effectief na het 
tandenpoetsen met een SLS 
houdende tandpasta.

Een chloorhexidine mondspoelmiddel 
behoudt met de toevoeging van 
fluoride zijn effectiviteit.
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Conclusies en praktische implicaties van dit proefschrift

De websites van 35% van de Engelstalige verenigingen van tandartsen 
en mondhygiënisten geven advies en/of informatie over tandenpoetsen. 
Op dit vlak blijkt er veel diversiteit te zijn, maar is wel consensus over het  
belang van tweemaal daags poetsen met een handtandenborstel en fluoride-
tandpasta. Daarnaast is er behoefte aan (inter)nationale afstemming van de  
informatie over mondzorg die op websites wordt verstrekt. Verder kan gecon- 
cludeerd worden dat het mondhygiënegedrag van patiënten met de ernsti-
ge tandvleesontsteking parodontitis na behandeling verandert. Zij poetsen 
dagelijks langer en gebruiken vaker een elektrische tandenborstel, houten 
tandenstokers en interdentale ragers. Op basis van single brushing exercises 
blijkt de elektrische tandenborstel effectiever te zijn voor tandplaquever- 
wijdering dan de handtandenborstel. Indien een mondspoelmiddel met chloor- 
hexidine wordt aanbevolen, kan deze zonder problemen worden gebruikt 
na het poetsen met tandpasta. Chloorhexidine en natriumfluoride kunnen 
beide in een mondspoelmiddel aanwezig zijn zonder dat de effectiviteit van 
chloorhexidine wordt aangetast.

Alle bevindingen uit de inhoudelijke hoofdstukken zijn direct toepasbaar 
op de dagelijkse praktijk van mondzorg professionals zoals tandartsen en 
mondhygiënisten en de opvolging ervan helpt om een ‘evidence-based’  
advies te kunnen geven.
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8Een selectie van aanvullende stellingen en aanbevelingen op het 
gebied van mondgezondheid, gebaseerd op proefschriften van leden 
van de onderzoeksgroep Preventie & Therapie ACTA:

• De redenen voor de wereldwijde verwaarlozing van de mondgezondheid
  zijn complex (Habib Benzian).
• Vanuit ecologisch oogpunt zou de balans in de samenstelling en de 
 hoeveelheid tandplaque een rol moeten spelen in de preventie van 
 mondziekten (Mercedes Fernandez y Mostajo).
• Van alle factoren die de ernstige tandvleesontsteking parodontitis 
 veroorzaken, blijft tandplaque de belangrijkste (Mark Timmerman).
• De tandenborstel is het meest effectieve mondverzorgingsproduct dat er is 
 (Martijn Rosema).
• De effectiviteit van tandenpoetsen neemt toe met de tijd 
 (Fridus van der Weijden).
• Handtandenborstels met afgeronde borstelharen veroorzaken minder 
 tandvleesbeschadigingen (Nienke Hennequin-Hoenderdos).
• Spoelen met water vóór het tandenpoetsen of het gebruik van een 
 tandenborstel die nat is gemaakt, draagt niet bij aan de effectiviteit van
 tandenpoetsen (Eveline van der Sluijs).
• Het mechanische effect van tandenpoetsen wordt niet versterkt door 
 tandpasta, maar tandpasta zorgt voor een langdurig effect van 
 tandenpoetsen (Cees Valkenburg).
• Chloorhexidine tandpasta of -gel blijkt een slecht alternatief te zijn voor
  tandpasta met fluoride (Dagmar Else Slot).
• De houten tandenstoker kan door patiënten ook als zelfevaluatie worden
  gebruikt voor de aanwezigheid van tandvleesontsteking (Dick Barendrecht).
• Gebruik van producten voor reiniging tussen de tanden en kiezen leidt bij 
 een juiste toepassing tot verbeterde mondhygiënische zelfzorg 
 (Sonja Sälzer).
• Gedurende 30 seconden met een mondspoelmiddel spoelen, is voldoende
 om alle tandoppervlakken te bereiken (Spiros Paraskevas).
• Er is sterk bewijs voor het antiplaque- en anti-tandvleesontstekingseffect 
 van een mondspoelmiddel met chloorhexidine (Daniëlle van Strydonck).
• Bij langdurig gebruik is een mondspoelmiddel met de gestandaardiseerde 
 formule van essentiële oliën een betrouwbaar alternatief voor 
 chloorhexidine (Martijn van Leeuwen).
• De huidige adviezen voor mondhygiënische zelfzorg van tandheelkundige
 implantaten zijn gebaseerd op de beschikbare kennis van het reinigen van
  natuurlijke tanden en kiezen (Anna Louropoulou).
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List of used abbreviations

• ACTA Academic Centre for Dentistry 
 Amsterdam
• ADA American Dental Association
• AMC Academic Medical Centre 
• BOP Bleeding On Probing
• BS Bleeding Score
• CCT Controlled Clinical Trial
• CHX Chlorhexidine
• CI Confidence Interval
• Cochrane CENTRAL handbook for 
 systematic reviews of interventions
• CONSORT Consolidated Standards of 
 Reporting Trials
• CPC Cetyl Pyridimium Chloride
• DCP Dental Care Professional
• DF Dentifrice
• DiffM Difference in Means
• DS Discoloration Score
• EFP European Federation of 
 Periodontology 
• EMBASE Excerpta Medical database
• GRADE Grading of Recommendations 
 Assessment, Development & Evaluation
• GI Gingival Index
• IDB Interdental Brush
• L&S Löe-Silness Gingivitis Index
• MA Meta-Analysis
• MD Mean Difference
• MEDLINE Medical Literature 
 Analysis and Retrieval System Online
• MFP Monofluorophosphate 
• MTB Manual Toothbrush
• MW Mouthwash
• NA Not Applicable
• NaF Sodium Fluoride
• NR Not Reported
• NSPT Non-Surgical Periodontal Therapy 
• OHB-9 Oral Hygiene Behaviour 
 questionnaire 
• OHI Oral Hygiene Instruction 
• OP Oral Prophylaxis
• OR Oscillating-rotating 
• PESA Periodontal Epithelial Surface Area
• P&G Proctor and Gamble
• PI Plaque Index
• PISA Periodontal Inflamed Surface Area
• PPD Pocket Probing Depth
• PTB Power Toothbrush

• STROBE The Strengthening the 
 Reporting of Observational Studies 
 in Epidemiology 
• PS Plaque Scores
• PRISMA Preferred Reporting Items 
 for Systematic Reviews and 
 Meta-Analysis
• PubMed Public Medline database
• Q&HPI Quigley & Hein Plaque Index
• RECORD Reporting of studies 
 conducted using observational 
 routinely-collected health data
• RevMan Review Manager
• RMNPI Rustogi Modification of 
 Navy Plaque Index
• RCT Randomized Controlled Trial
• SD Standard Deviation
• SE Standard Error
• S&L Silness-Löe Plaque Index
• SLS Sodium Lauryl Sulphate
• SoF GRADE Summery of Findings 
• SS Side-to-Side sonic
• SR Systematic Review
• UvA University of Amsterdam
• WS Woodstick
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