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1. General introduction 

1.1 From urine to chlorhexidine 

Over the centuries people have tried to find a way to keep their own teeth safe and secure 

onto old age. Ancient man quickly found out that rinsing with the urine of a child freshens 

the mouth and helps against gum diseases. Over many centuries, rinsing with human urine 

appears to have been very popular. The first known reference to mouthrinsing with urine for 

the treatment of gingivitis is in the Chinese medicine, in about 2700 BC. This custom persisted 

through the Egyptian, Greek and Roman period until the early 18th century (Weinberg 1948). 

Reflecting on history, mouthrinses have covered a long distance from the previously men-

tioned human urine, over salt water, mixtures of honey, oil and beer and combinations of 

herbal products (dill, anise) with alcohol (white wine) to the fresh-smelling and fresh-tasting 

rinses available today (Mandell 1988, Fishman 1997). The main ingredient of urine is  ammo-

nia, but as time went on, different items were added to and subtracted from the rinse to make 

mouthrinses more palatable to the human taste as well as to increase their potency to control 

gingival health. Unfortunately, many agents also had the potential to cause local damage to 

tissues and led to systemic toxicity (Dilling & Hallam 1936). Preparations for gum health however 

were never evaluated scientifically until the relationship of plaque bacteria to gingivitis was 

established (Löe et al.1965). 

 In the 17th century, Antonie Van Leeuwenhoek, commonly known as “the Father of 

Microbiology”, was the first to describe living organisms in the deposits on teeth. However, 

more than two centuries elapsed after his observations before Robert Koch (Münch 2003) 

showed the causal relationship between microbes and infectious diseases. Hereby, the 

scientific base for antiseptic mouthrinses was created. W.D.Miller (1890), a trained researcher 

in bacteriology, compared a large series of antiseptics at varying dilutions for their ability 

to prevent the growth or the killing of bacteria. Miller noted that many antiseptics cannot 

be used orally since they were injurious to general health, mucous membranes and teeth, 

or have to be excluded because of bad smell and taste. He pointed out that an antiseptic of 

any importance would always be accompanied by the greatest difficulties and that “there 

are places around every dentition which will remain untouched by even the most thorough 

application of an antiseptic or the antiseptic will reach them in such a diluted condition that it 

possesses little or no action”. Through this, Miller established many of the fundamentals that 
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the dental research community followed until today in order to develop effective antibacterial 

mouthrinses (Mandel 1988).  

 From the 20th century, various brands came onto the market. The forerunner with  respect 

to general oral hygiene in Germany was Odol. Odol with its antibacterial formula of Salvia and 

Camomile was marketted by Switzerland’s Karl August Lingner in 1893 and considered as the 

first antiseptic mouthrinse. The Odol white “side-necked bottle” is still regarded as the most 

important design in the brand products industry and mostly included in every inter national 

exhibition of modern American art. In the 1880’s, the Lambert Pharmaceutical Company 

 developed the alcohol-containing mouthrinse Listerine, which was originally not marketted 

as a mouthwash, but as a general antiseptic during World War I. Turning the entire product 

around to fight halitosis after the war, they began to market Listerine as a mouthrinse instead 

of an antiseptic with the result that sales jumped from just hundreds of thousands of dollars 

to millions within just a few years. In the same period, the term “plaque” (what we now call 

“biofilm”), was proposed by Black (1899) and the antimicrobial chlorhexidine (CHX), developed 

by Imperial Chemical Industries England and initially brought on the market as an antiseptic 

for skin wounds in 1954, became widely used in medicine as a multipurpose antiseptic. Here-

after, CHX was gradually integrated in dentistry for pre-surgical disinfection of the mouth 

and in endodontics (Johnson 1995). More specific attempts to use CHX as an oral rinse came 

with the acknowledgement that plaque was the etiologic agent in gingivitis (Löe et al. 1965). 

The issue of plaque inhibition and prevention of gingivitis by CHX was initially investigated 

by Schroeder (1969). One year later the efficacy of CHX has been confirmed by Löe & Schiött 

(1970) in a pioneering clinical study.  

 Besides Odol, Listerine and CHX, many mouthrinses are now for sale to the general  public. 

Together with dentifrices, mouthrinses are the most frequently used mode of application 

of chemical anti-plaque agents. In the last decades, there has been an intense commercial 

 interest in mouthrinses, and mouth care companies, promoting their products on a commer-

cial basis in the grey area between medicine and cosmetic, are still investing in this multibil-

lion dollar business. Many mouthrinses are subject to scepticism because of their limited 

transitory effects in the oral cavity, which makes further research for other products valuable 

(Addy 1986, Addy & Moran 1997, Gunsolley 2006). However, in the light of 5000 years of 

mouthrinse history, the availability of mouthrinses nowadays is certainly easier than, let’s 

say, running around in order to collect human urine from slaves and travelers!  
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1.2 Mechanical plaque control: a matter of gingival health and compliance 

Gingivitis is a very common, reversible periodontal disease entity limited to the gingiva with-

out loss of periodontal connective tissue attachment nor  loss of alveolar bone (Löe et al 

1965, Lindhe & Rylander 1975). It is a highly prevalent disease starting at young age in all 

populations (Stam 1986). Estimates of the general prevalence of adult gingivitis vary from 

approximately 50 to 100% for dentate subjects. In the USA, 50% of the adult population  

between 30-90 years of age has gingival bleeding at one or more teeth (Albandar et al. 2002), 

while among the population aged 70 and over, the prevalence of gingivitis is 85% (Fox et al. 

1994). Also in Europe gingivitis is very common (Truin et al. 1985, Bourgeois et al 1997, Hugo-

son et al. 2005). Fortunately, most forms of gingivitis remain stable for many years. However, 

for  patients who are or have become susceptible to periodontal breakdown, gingivitis may 

evolve into periodontitis, which may eventually lead to tooth loss. 

 Although periodontal diseases are considered a result from the interaction between 

plaque bacteria and the immune responses of the host, there are to date no safe methods to 

influence the host response in order to avoid periodontal breakdown. Therefore, the inhibi-

tion of plaque formation and the mechanical removal of the biofilm continue to be impor-

tant issues in the prevention and treatment of periodontal diseases in the 21th century. At 

present, a high standard of mechanical plaque control still remains an important therapeu-

tic goal in the management of oral health. For a motivated, well-instructed person with the 

time and skill, manual toothbrushing only should be highly effective to obtain gingival health 

(Frandsen 1986, Moran 2008). However, the high prevalence of gingivitis suggest that manual 

cleaning is often insufficient for many individuals. It is well recognized that 50 seconds of 

manual toothbrushing removes approximately 60% of the plaque around the teeth (Morris 

et al. 1998). Only 10% of the time is spent on the lingual surfaces (MacGregor & Rugg-Gunn 

1979, De la Rosa et al. 1979). 

 From results of many behavioural toothbrush studies in the past, it can be deducted that 

manual toothcleaning, i.e. using a toothbrush, is only little influenced by design features of 

oral hygiene aids, but largely by the compliance and the dexterity of the individual (Stewart 

& Wolf 1989). Across a wide range of diseases and therapies, non-compliance is estimated 

for 50% of all patients (Haynes 1979). The more the health recommendations  interfere 

with established life patterns, the less likely they are to be followed (McAlister et al. 1976).  

Particularly for patients who have what they perceive as a “non-threatening chronic  disease”, 
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compliance with health recommendations appears to be poor (Wilson 1987). For many 

 reasons patients may fail to comply with given instructions because poor dental health  belief 

about the degree of control they have over what happens to them (Duke & Cohen 1975), 

unwillingness to perform oral self-care (Weinstein et al. 1983), lack of motivation (Alcouffe 

1988), stressful life events (Becker et al. 1988), low socio-economic status (Tadesco et al. 

1992), poor understanding of recommendations (Berndsen et al. 1993) and unfavorable dental 

health values (Cammer et al. 1994). Although dental care workers try very hard to educate, 

motivate and instruct patients to perform an adequate self-care regime, the efforts are not  

always successful. Even if they manage to establish an initial change in the patient’s  

behaviour, the tendency to relapse into old habits is a well-known problem (Addy et al. 1987, 

De La Rosa et al. 1979). In short: the greatest improvement in personal mechanical oral 

 hygiene must be derived from de development of a positive attitude towards and motivation 

for adopting a decent self-care regime. Increased knowledge following oral hygiene behavior 

interventions and the use of a professional psychologist in the treatment of patients with a 

history of non-compliance could be of some value.

1.3 Chemical plaque control: a matter of comfort  

Chemical plaque control by use of a mouthrinse requires minimal cooperation and skill. Since 

the active participation of the individual appears to be crucial in the prevention and treat-

ment of periodontal disease, the wide range of factors mentioned above support the use of 

mouthrinses, as a monotherapy or as an adjunct to regular daily toothbrushing. Furthermore, 

an adequate mouthrinse, could be of most value to patients in whom the ability to perform 

adequate oral hygiene procedures is compromised. For patients with intermaxillary fixation 

or fixed orthodontic treatment, mouthrinsing has been found useful for the prevention of 

inflammation (Nash & Addy 1979, Stirrups et al. 1981). Long-stay bonehandicaps, particularly 

those who live in institutions, may benefit of the use of chemical anti-plaque agents (Brayer et 

al. 1984). Considerable evidence reviewed on several occasions indicates the value of mouth-

rinses after scaling and rootplaning, periodontal surgery, gingivectomy and extraction (Addy 

1986, Addy & Renton-Harper 1996, Lang & Karring 1994, Feres et al. 2009). 
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1.4. The formulation: a matter of simplicity    

Although anti-plaque mouthrinses may differ from each other to a certain extent, there are 

two dominating factors that are common to all types. The first and major one is the type of the 

active ingredient (the antiseptic). Examples of antiseptics include chlorhexidine digluconate 

(CHX), cetylpyridinium chloride (CPC), eucalyptol, hexetidine, methyl salicylate, menthol, 

benzalkonium chloride, methylparaben, hydrogen peroxide and domiphen bromide. The other 

one is the need of the consumer: the detergent, the flavouring- & the preservative agents, the 

sweeteners, the coloring ingredient, fluoride and calcium additives, water and alcohol. 

The detergent, also called soap or surfactant, is an essential part of the mix: it helps to remove 

plaque and food debris from the teeth and lowers the surface tension of the liquid. In this way, 

the liquid can more easily spread over large areas. Detergents like Sodium Lauryl Sulphate 

(SLS) and Cetylpyridinium Chloride (CPC) aid solubilisation of the flavouring agents and the 

active ingredients but also provide antibacterial effects. 

 Flavouring agents such as eucalyptol or menthol give a mouthwash its distinctive taste. 

Most mouthwashes are minty flavoured. 

 The preservative part prolongs the life of the mouthwash and prevents the formation of 

bacteria and other microbes. An example of this is sodium benzoate. 

 Sweeteners enhance the taste of the mouthwash. Examples of these include sodium 

 saccharine and sucralose.

 A colouring factor is added for aesthetic reasons, to improve the visual attractiveness of 

the mouthwash.

 Fluoride and calcium are often added to water filtration systems as a means of further 

protection against tooth decay. It also helps to strengthen the teeth. 

 Water, an essential component of the mouthwash, helps to liquefy all of the ingredients. 

 Alcohol is considered an important part of the mouthwash and has a strong anti-bacterial 

effect. The incorporation of alcohol (ethanol) into mouthrinses serves several purposes: it is a 

solvent for active ingredients, has antiseptic properties and acts as a preservative by enhancing 

the maintenance of the active ingredient, improving the shelf life of the product and avoiding 

contamination. Ethanol is easy to produce and is relatively cheap. Some  alcohol-containing 

mouthrinses contain around 11% ethanol (Corsodyl), others may even contain 21,6% (Lister-

ine). Other mouthrinses are totally free of alcohol (Perio-aid, Paroex).





18 1. General introduction 

1

2

3

4

5

6

7

8

9

1.5. The anti-plaque effect: a matter of action

Mouthrinses have various indications such as an anti-plaque, anti-cariogenic, anti-halitosis, 

anti-hypersensitivity, anti-mucositis or anti-erosive activity. In order to control gingivitis and 

prevent periodontal breakdown, the focus is mainly on their anti-plaque capacity, since, in 

the absence of plaque, periodontal disease will not occur (Ash et al. 1964, Löe et al.1965, 

Theilade et al. 1966, Loesche & Syed 1978). 

 The efficicacy of anti-plaque agents varies greatly (for review see Kornman 1986a, Addy 

1986, Mandell 1988) and is depending on the “substantivity” of the agent. Substantivity is the 

persistence of action of a chemical agent, which is greater or more prolonged than would be 

expected with simple mechanical deposition (Kornman 1986a,b, Lang & Brecx 1986). Agents 

that do not exhibit any significant substantivity (only minutes), such as CPC, Essentials 

Oils, SLS & monofluorophosphate, are considered antimicrobials of the “first generation”.  

Although these antiseptics have an antimicrobial efficacy “in vitro”, they are, once 

expectorated, immediately removed from the mouth allowing plaque to build up again. 

Devoided of substantivity, their effect ‘in vivo’ is therefore very limited and rinsing the 

mouth ten times a day to counterbalance this limited effect and have a long-standing anti-

plaque effect is not very practical. So, antimicrobial activity “in vitro” could easily lead to 

the wrong conclusion and is not a reliable predictor of plaque inhibition by an antiseptic ‘in 

vivo’. The most effective antiseptics belong to the “second generation” and include CHX, 

aminefluoride, stannous fluoride and triclosan. These anti-microbials are characterized by a 

high-substantivity –  that is retention of 25-30% after a one minute of rinsing – and therefore 

show a persistence of  action in the mouth for many hours. Compared to CHX, CPC for instance 

has a similar antibacterial profile in vitro (Gjermo et al. 1970), but its persistence ‘in vivo’ 

and the plaque inhibition is less, due to the limited substantivity of CPC (Schiött et al. 1970). 

 Unfortunately, antiseptics of the second generation appear to provide a considerably 

greater preventive than therapeutic action. Most effective antiseptics inhibit the development 

of dental plaque but are limited or slow in dealing with older established plaque,  manifested  

as a true biofilm (Marshall 1992, Marsh 2005,Vitkov 2005). 

 The problem with biofilms is that they protect bacteria effectively from antimicrobial 

agents. While “plaque” is defined as a soft layer of bacterial deposits on tooth surfaces (Nolte 

1982), a biofilm is well-organized and consists of a lower dense layer of microbes on the tooth 

surface with on top a looser fluid layer mainly composed by a matrix of extracellular bacte-

rial polymers and salivary and/or gingival exudate products. As nutrient components may 
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 penetrate into the biofilm by molecular diffusion from the upper layer “in motion” into the 

lower “stationary” microbial layer, antiseptics can also penetrate through dental biofilms, 

but the penetration is slower and the bacteria are more resistant to therapy than bacteria in a 

planctonic environment (Pratten et al. 1998, Hope et al. 2004).  

 In order to provide clarity in the world of chemical agents, the Council on Dental Thera-

peutics of the American Dental Association (ADA), established in 1986, developed guidelines 

for the acceptance of anti-plaque and antigingivitis agents (American Dental Association 

1986). These guidelines, revised in 1994 by Imrey et al., describe the clinical, biological, and 

laboratory studies necessary to evaluate stability, substantivity, specificity, efficacy and safety 

of an agent. Using these criteria, years of documented research have established that twice 

daily rinsing for 60 seconds with a 0.2% alcohol-containing CHX mouthrinse is recognized by 

the ADA and the pharmaceutical industry as the gold standard for chemical supra-gingival 

plaque control and the positive control against which other anti-plaque agents are assessed 

(Jones 1997).

1.6. Chlorhexidine an active molecule (anti-bacterial & anti-plaque) 

CHX is widely marketed under different brand names such as Peridex (USA), Corsodyl, Perioaid 

(Benelux) and Chlorohex (UK), Curasept (Italy), Chorhexamed (Germany), Savacol (Australia), 

Suthol (India), Peridont (Venezuela), Oronine (Japan) and Clorexil in some parts of Central 

America. It is available in three forms: the digluconate-, acetate- and hydrochloride salts. 

Most studies have used the CHX-digluconate salt because of its high aqueous solubility.

 The amount of CHX retained within the mouth helps to reduce the salivary bacterial 

 challenge, which may be useful in situations such as postoperative healing. Besides its 

 anti bacterial quality, CHX has a strong anti-plaque effect, ascribed to its great substantivity 

(Kornman 1986 a,b). Even after a single rinse, persistence at the oral surfaces has shown to 

suppress salivary counts for over 12 hours (Schiött 1973). This substantivity is the result of 

the specific di-cationic nature of the CHX molecule, which allows the agent to attach with one 

cation to different surfaces within the mouth (saliva, teeth, mucosa and the anionic tooth 

 pellicle). These sites are considered as “reservoirs” from which CHX can be desorbed. The 

other end of the CHX molecule binds to the bacterial cell membrane of the bacteria attempting 

to colonize the tooth surface. 

  As a potent antibacterial substance, CHX acts on the cell wall of the micro-organisms by 

changing their surface structure. The molecule is both bactericidal and bacteriostatic. At the 
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moment of application, when the concentration of CHX is high, the molecule achieves an 

 immediate “bactericidal” action, causing irreversible damage to the bacterial cell membrane, 

which reflects in coagulation and precipitation of the cytoplasm. At lower concentrations, 

the integrity of the cell membrane is not completely damaged, but altered and CHX binds 

to the inner cell membrane. This leads to increased permeability of the cell membrane with 

leakage of intracellular components (Hugo & Longworth 1964, 1966). In this stage, bacterial 

attachment to the enamel surface is not completely inhibited, but a high amount of plaque is 

prevented because bacteria cannot multiply. 

1.7 Chlorhexidine an inter-active molecule 

In vitro data have shown that CHX interact with anions such as phosphate, sulphate and 

 carboxyl to form salts of low solubility (Rölla et al. 1970, Kirkegaard et al. 1974, Rölla & 

Melsen 1975, Bonesvoll 1977, Barkvoll et al. 1988). Therefore, it has been concluded that CHX 

is not compatible with SLS in an aqueous solution (Barkvoll et al. 1989). The inactivation of 

the CHX di-cationic antiseptic by interaction with specific anionic dentifrice ingredients, e.g. 

sodium mono-fluorophosphate and the detergent SLS, has been confirmed in vivo (Barkvoll 

et al. 1989, Owens et al. 1997, Kolahi & Soolari 2006). 

 Since CHX appears to affect preferentially the salt taste, interaction of CHX with food 

makes food taste rather bland and forms the basis of the CHX taste disturbance (Lang et 

al. 1988).  

 In the presence of a tooth pellicle, interaction and local precipitation occurring between the 

tooth-bound CHX and the chromogens found in some food and beverages, may probably be the 

most plausible explanation for the well-known CHX-associated tooth staining, a  phenomenon 

that is not limited to CHX alone (Addy et al. 1991). The mechanisms are however still being 

 debated (Eriksen et al. 1985, Addy & Moran 1995).   
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2.General aim of the thesis

The interaction between chlorhexidine (CHX) and Sodium lauryl sulphate (SLS)    

A common ingredient found within certain types of dentifrice is the detergent SLS. Several 

studies performed in the past led to the conclusion that the effectiveness of a CHX rinse was 

reduced by toothbrushing with an SLS-containing dentifrice. The fact that a CHX mouthrinse 

and the dentifrice detergent SLS may counteract in the oral cavity is, however, based on 

 research data from earlier non-brushing studies using an SLS-slurry (an SLS-dentifrice/water-

rinse) instead of toothbrushing with an SLS-dentifrice. For this reason, the plaque inhibiting 

effect of a 0.2% CHX mouthrinse under influence of toothbrushing with an SLS-containing 

dentifrice is studied in a series of three “SLS-brushing/CHX rinsing” interaction studies which 

are described in chapter 2, 3 and 4. 

The inclusion of alcohol in a CHX mouthrinse     

The investigation described in chapter 5 evaluates the necessity of alcohol in CHX mouthrinses. 

As already mentioned in the introduction, the presence of alcohol may have an  important role 

in the formulation of a mouthrinse. The inclusion of alcohol however is still a controversial 

topic due to possible health risks. Therefore, two commercially available CHX mouthrinses, 

with (Corsodyl®) and without (Perioaid®) alcohol, were studied and compared for their plaque 

inhibiting effect.   

The effect of a CHX-releasing toothbrush   

The experimental manual toothbrush, tested in chapter 6, contains a template within the 

brush head that releases CHX when brought into contact with oral fluids. The purpose of the 

study is to test whether toothbrushing with this experimental toothbrush, having a slow-

release system of CHX, is safe and more effective in inhibiting plaque and gingival bleeding 

compared to rinsing with a 0.2% CHX as an adjunct to toothbruhing without dentifrice. A sec-

ondary objective of the experimental CHX toothbrush was to assess the amount of stain on 

the teeth, being considered as a side-effect of CHX that may have a negative impact on com-

pliance.
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The results of a systematic review of CHX mouthrinses  

A systematic review is considered as a comprehensive and unbiased review process that 

locates, appraises and synthesizes evidence from the scientific studies to obtain a reliable 

overview. The literature relating to the use of CHX mouthrinses as anti-plaque & anti-gingivitis 

agents is immense and many narrative reviews have been brought forward. However, in  dental 

literature, a systematic review on the effect on plaque and gingivitis of CHX, the primary, 

“gold standard” chemical agent, is lacking. Therefore, a systematic review on this topic was 

carried out of which the results are presented in chapter 7. 
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Introduction 

In order to prevent and control periodontal disease, mechanical removal of plaque by tooth-

brushing with a dentifrice appears to be the most practical and cost-effective method for 

supra-gingival plaque control, for most individuals (Löe et al.1965, Frandsen 1986). However, 

in areas where toothbrushing is difficult, compromised or even impossible, chemical plaque 

control may be justified (Addy 1986, Addy & Moran 1997). One of the best studied anti-microbial 

agents for chemical plaque control is chlorhexidine. After almost 35 years of use by the den-

tal profession, chlorhexidine is considered as “the gold standard” against which other anti-

plaque and gingivitis agents are measured (Löe & Schiött 1970, Addy 1986, Hull 1980, Korman 

1986, Lang & Brecx 1986, Mandel 1988, Gjermo 1989, Addy et al. 1992). In the absence of 

mechanical tooth cleaning, rinsing for 60 seconds twice daily with 10 ml of a 0.2% chlorhexi-

dine digluconate solution reduces the accumulation of plaque by approximately 60% and the 

severity of gingivitis by 50-80% (Löe & Schiött 1970). The success of CHX is due to its bacte-

ricidal and bacteriostatic activity (Denton 1991) and based on its high intra-oral substantivity. 

This characteristic may be important for its efficacy and safety but, unfortunately, it is also 

the cause of local side effects.

 Generally CHX is considered as an adjunct to mechanical oral hygiene and used before 

or after toothbrushing with dentifrice, especially during initial therapy and healing following 

periodontal surgery. Nowadays, the most widely used detergent in dentifrice is sodium lauryl 

sulfate (SLS). Unfortunately, CHX and SLS can act as antagonists. The mode of action is based 

on the ionic attraction of CHX, a cationic bisbiguanide symmetrical molecule, to SLS, a mole-

cule with anionic nature and high affinity for protein molecules. 

 In vitro, data have shown, indeed, that CHX is not compatible with SLS in an aqueous 

solution (Bonesvoll 1977) and that CHX forms salts of low solubility with anions such as phos-

phate, sulfate and carboxyl (Kirkegaard et al.1974, Rölla et al. 1970, Rölla & Melsen 1975, 

Barkvoll et al.1988).

 In vivo, the interference of an aqueous solution of SLS with CHX was investigated by 

Barkvoll et al. (1989) and Owens et al. (1997). They concluded that the efficacy of a CHX rinse 

was significantly reduced in the environment of SLS, even when these compounds were intro-

duced separately in the oral cavity. 

 Ever since, it has been recommended that the time between a CHX rinsing and tooth-

brushing with an SLS containing dentifrice should at least be 30 minutes, if reduction in the 

anti-microbial effect is to be avoided. To optimize the efficacy of a CHX rinse, toothbrushing 

should be performed using no dentifrice or a dentifrice without antagonistic ingredients. 
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 However, to date no study has been conducted where the activity of a CHX mouthrinse is 

considered under the influence of ordinary toothbrushing with an SLS-containing dentifrice. 

The purpose of the present study was to investigate the effect of toothbrushing with an SLS 

containing dentifrice in a one jaw, on the plaque inhibition of a 0.2% chlorhexidine mouth-

rinse in the opposite jaw during a 4-day study period. 

Materials and methods

Subjects

16 volunteers, aged between 24 - 29 years were enrolled as potential participants.  According 

to the inclusion criteria, all of them were found to be suitable for the study. They  were in 

good general health without a medical history or medication that might interfere with the 

outcome of the study. All the subjects were dentate with at least 24 scorable teeth. They 

were  excluded if they had fixed or removable orthodontic appliances or removable prosthesis, 

pockets > 5 mm or attachment loss > 2 mm.  After thorough explanation of the procedures, an 

informed consent was signed.

Procedure

The study was based on the 4- day plaque accumulation model initially developed to compare 

the chemical plaque inhibitory properties of dentifrices (Addy et al. 1983). 

 It was a single - blind, randomized, 2-cell, crossover design. It compared an oral hygiene 

regimen of a combination of brushing and rinsing with a regimen of rinsing alone. A washout 

of 17 days was inserted between the two crossover periods. 

 At baseline (day 1) of each test period all subjects received a thorough dental prophy-

laxis to remove all stain, calculus and plaque. Subjects were randomly assigned to one of 

the 2 regimens. Instructions for the allocated regimen were given to each subject in a sealed 

 envelope. 

 One jaw (upper or lower) was randomly assigned as the “study” jaw (figure 1) while the 

opposite jaw served to introduce the effect of toothbrushing with a dentifrice in the same 

mouth. This opposite jaw is referred to as the “dentifrice” jaw. The “study” jaw was used to 

evaluate the level of plaque accumulation at the end of each 4-day period.   
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The following 2 regimens were designed:

• Regimen 1: CHX rinsing preceded by toothbrushing with a 1.5% SLS-containing dentifrice 

Twice daily the subjects brushed with an SLS containing dentifrice (Colgate- Bi-Fluor®; 

Colgate Palmolive)* in one randomly assigned “dentifrice” jaw (upper or lower), which  

served to introduce the effect of a dentifrice in the study model. After brushing, the  

dentifrice foam was expectorated and the oral cavity was rinsed with water. Immedi-

ately afterwards the subjects rinsed with 10 ml chlorhexidine digluconate 0.2%  solution 

 (Corsodyl®; GSK) during 60 seconds. 

•	 Regimen 2: CHX rinsing only 

 Twice daily the subjects rinsed with 10 ml chlorhexidine digluconate 0.2% solution 

(Corsodyl®, GSK) during 60 seconds. No brushing was allowed. This regimen was 

considered as the control period.

During both experimental regimens all other oral hygiene procedures were suspended. 

To check for compliance each participant was asked to write down the exact time of the two 

rinsing moments, in the morning and in the evening. Furthermore, it was not allowed to eat or 

to rinse with water for 30 minutes after the assigned hygiene procedure.

 After 4 days, plaque was scored in the “study” jaw. The plaque level was assessed at 

6 sites around each tooth, according to the criteria of the Silness & Löe plaque index (1964), 

modified as described by Van der Weijden et al. (1993). During the washout period, subjects 

resumed their normal tooth cleaning habits. All clinical measurements were performed by 

one and the same blinded examiner (SS) under the same conditions.   

* Colgate-Bi-Fluor® contains  dicalcium phosphate dihydrate,  aqua, glycerin, sorbitol, sodium lauryl 

sulfate, aroma, sodium  monofluorophosphate, cellulose gum, hydroxyethylcellulose, tetrasodium 

 pyrophosphate, sodium saccharin, sodium fluoride.

Data analysis

Mean plaque scores were calculated. In addition, plaque scores were calculated for the differ-

ent tooth-types (anterior and molar teeth) and different tooth surfaces (buccal and lingual). 

Wilcoxon tests were used to test for differences between the 2 treatments within subjects 

over the 2 experimental periods. p-values < 0.05 were considered statistically significant.
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Results

All the selected subjects (n=16) completed the study without protocol violation. 

 Table 1 shows the mean plaque-scores of the “study” jaws for rinsing with chlorhexidine 

preceded by toothbrushing of the opposite “dentifrice” jaw with a 1.5% SLS containing denti-

frice (regimen 1) and for rinsing with 0.2% chlorhexidine alone (regimen 2). The mean plaque 

index for the brushing & rinsing regimen was 0.36 and for the rinsing only regimen was 0.34. 

Statistical analysis showed no significant difference in overall plaque score between both 

regimens.

 Furthermore table 1 shows the mean plaque-score for the different regions of interest. On 

the buccal sites more plaque was present than on the lingual (p < 0.05). This was irrespective 

of the regimens. No differences were observed between anterior teeth and molar teeth.  

Table 1. Mean overall plaque scores for each regimen after 4 days of plaque accumulation, 

standard deviation in parenthesis. 

Plaque Index Regimen 1 Regimen 2

overall 0.36 (0.3) 0.34 (0.2)

buccal 0.41 (0.4) 0.39 (0.2)

lingual 0.31 (0.3) 0.29 (0.2)

front area 0.35 (0.4) 0.30 (0.2)

molar area 0.37 (0.3) 0.37 (0.2)

Regimen 1: CHX rinsing preceded by toothbrushing with an SLS containing dentifrice.

Regimen 2: CHX alone. 

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

Discussion

The aim of the present study was to investigate the plaque inhibitory effect of a 0.2% CHX 

rinse when preceded by toothbrushing with an SLS-containing dentifrice in the opposite jaw. 

Previous studies (Barkvoll et al. 1989, Owens et al. 1997) have shown that CHX and SLS are 

not compatible even when they are introduced separately in the oral cavity. Based on the ionic 

attraction between both agents, it is feasible to accept that a salt with low solubility and low 
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antibacterial activity is formed, neutralizing CHX. Either toothbrushing with dentifrice should 

be suspended or toothbrushing should be performed without dentifrice or with dentifrice 

formulations without antagonistic ingredients (Owens et al. 1997). 

 From earlier interaction studies with CHX (Dolles et al. 1979, Barkvoll et al. 1989, Owens 

et al. 1997), it was expected that SLS would reduce the CHX activity whether used before 

or after the antiseptic. The study of Barkvoll et al. (1989) provided plaque data both for an 

aqueous solution of SLS used “before” and “after” rinsing with CHX. Owens et al. (1997) 

studied the  effect of rinsing with an SLS containing slurry, used immediately before and 

immediately after the CHX. From their results it was apparent that the anionic SLS ingredient 

of the dentifrice slurry had adverse effects on the CHX activity, irrespective of whether the 

slurry was used before or  after the rinse. Whatever the mechanism, CHX was found to be 

most effective when used without the presence of SLS. For the present study it was chosen 

to use the SLS containing dentifrice and the chlorhexidine mouthrinse in an ordinary order. 

First, the teeth were brushed using a toothbrush and dentifrice followed by rinsing with water. 

Subsequently subjects rinsed with CHX. Using this order, the plaque inhibiting capacity of 

CHX appeared not to be reduced in an environment of an SLS containing dentifrice used prior 

to the rinsing procedure. 

     The results of the present study, showing no inhibitory effect of SLS on the efficacy of 

CHX, do not support the conclusions of the previous studies. When trying to explain the dis-

agreement in results of the present study and those of Barkvoll et al. (1989) and Owens et 

al. (1997), several differences in study design can be brought forward. Barkvoll et al. (1989) 

used a relatively small sample of subjects (N=7). The influence of SLS was introduced by pre-

rinsing with an aqueous solution of 0.2% SLS. Owens et al. (1997) converted an SLS contain-

ing dentifrice (Colgate/Colgate Palmolive®) into a 3 g/10 ml water slurry which was also used 

as a rinse. These studies may overestimate the influence of an SLS containing dentifrice on 

the  activity of CHX in a “real life” situation. Ordinary oral hygiene procedures involve a tooth-

brush and dentifrice to brush the teeth after which the dentifrice foam is expectorated and the 

oral cavity is rinsed with water. Following such a procedure the interaction between CHX and 

SLS is probably minimal because most of the effects of the dentifrice ingredients are elimi-

nated (Sjögren & Birkhed 1994). Unlike the Owens study (1997) the assigned regimens in the 

present study were performed without supervision. However, the panelists were requested to 

fill out a rinsing diary to stimulate their compliance. The returned diaries indicated that the 

panelists followed the given instructions conscientiously.
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 SLS from different dentifrices may not be present in equal concentrations or be equally 

available in the formula. The SLS-concentration of the dentifrice used (Colgate-Bi-Fluor®) 

was 1.5%. Other brands of dentifrices may have yielded another result. The influence of   

dentifrices with different SLS-concentrations may be a valuable challenge of further  research. 

In conclusion, within the limitations of the present study design, it can be concluded that 

 ordinary brushing with a 1.5% SLS containing dentifrice (Colgate-Bi-Fluor®), followed by 

 rinsing with water does not appear to reduce the level of plaque inhibition offered by a 

 post-brushing 0.2% chlorhexidine rinse.
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Introduction 

Adequate oral hygiene is an important part of maintaining oral health. The most common 

plaque removal procedure, at least in the Western society, involves a toothbrush and a 

 dentifrice (Löe et al. 1965, Frandsen 1986). In situations in which plaque control is difficult 

or  compromised, a 0.2% chlorhexidine (CHX) mouthrinse is generally prescribed to provide 

adjunctive oral benefits after toothbrushing with dentifrice (Addy 1986, Addy & Moran 1997). 

One of the most widely used synthetic detergents in dentifrice is sodium lauryl sulphate (SLS). 

Unfortunately, chlorhexidine (CHX) and (SLS) may counteract.  Previous studies (Barkvoll et 

al. 1989, Owens et al. 1997) have shown that CHX and SLS are not compatible even when they 

are introduced separately in the oral cavity. Ever since, it has been recommended that the 

time between a CHX rinsing and toothbrushing with an SLS containing dentifrice should at 

least be 30 minutes, if reduction in the anti-microbial effect is to be avoided. To optimize the 

efficacy of a CHX rinse, toothbrushing with dentifrice should be suspended or toothbrushing 

should be performed with dentifrice formulations without antagonistic ingredients (Owens 

et al. 1997) or without dentifrice all together. Brushing with dentifrice followed by rinsing 

with CHX is probably the most common order as one would use these products in daily life. 

Barkvoll et al. (1989) showed that similar inhibitory effects were present when SLS was used 

30 min before or after CHX. In addition, Owens et al. (1997) concluded that the actual inhibi-

tory effect of dentifrice slurry on the efficacy of CHX was present, irrespective whether the 

rinse was used before or after the dentifrice slurry. 

 Recently, a clinical trial investigated the influence of toothbrushing with an SLS containing 

dentifrice on the anti-plaque efficacy of a CHX mouthrinse (Van Strydonck et al. 2004). The 

design of the study was conceived to establish, in a 4-days plaque accumulation model, the 

plaque inhibitory action of a 0.2% CHX rinse in one jaw, when used under the influence of 

toothbrushing with an 1.5% SLS containing dentifrice in the opposite jaw. Data showed that 

the level of plaque inhibition offered by a 0.2% CHX mouthrinse rinse was not reduced under 

the influence of a 1.5% SLS containing dentifrice. Consequently, the results of this study did 

not support the previous conclusions of Barkvoll et al. (1989) and Owens et al. (1997).  

 In the study of Owens et al. (1997), rinsing was supervised. In the previous study by 

Van Strydonck et al. (2004), brushing and rinsing were performed without supervision. However, 

the panelists were requested to fill out a rinsing diary to evaluate their compliance. Although 

the returned diaries indicated that the panelists followed the given instructions conscien-

tiously, one can, however, not rule out that there could have been a chance that some panel-

ists were not compliant. 
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 Since to date no study has been conducted where the activity of a 0.2% CHX mouth-

rinse was considered under the influence of an SLS-free dentifrice, the aim of the present 

study was to investigate, under supervised conditions, the inhibitory plaque effect of a CHX 

0.2% pre-brushing mouthrinse in one jaw, under the influence of toothbrushing in the op-

posite jaw, either with an SLS-containing dentifrice or with an SLS-free dentifrice. In the 

present study three different dentifrices were tested. Two of them contained SLS in different  

concentrations (Colgate Total®, and Aquafresh Natural Whitening®, the other (Zendium®) did 

not contain SLS.

Materials and methods

Subjects

Thirty-five subjects, aged between 20 - 49 years, participated in the study. Subjects were in 

good general health without a medical history or medication that might interfere with the 

outcome of the study. All the subjects were dentate with at least 24 scorable teeth. They 

were excluded if they had fixed or removable orthodontic appliances or removable prosthesis, 

pockets > 5 mm or attachment loss > 2 mm. Twenty-two subjects, 10 males and 12 females, 

were found to be suitable for the study. On approval, all the volunteers received a personal 

instruction schedule, signed an informed-consent paper and, in order to participate, agreed 

to the following: 

• Products would only be used under supervision of two dental assistants at set times.      

• Appointments (days and hours) could not be changed.

• It was not allowed to perform another form of oral hygiene other than the one provided 

twice daily under supervision.

• It was not allowed to eat or rinse with water for 30 minutes after the rinsing and brushing 

exercise. 

• Any change in medical status or medicine intake was to be reported. 

Procedure

The study was based on the 4-days plaque accumulation model initially developed to compare 

the chemical plaque inhibitory properties of dentifrices (Addy et al. 1983), used in an earlier 

investigation (Van Strydonck et al. 2004). It was a single-blind, randomized, four-cell, cross-
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over design. It compared three different oral hygiene regimens consisting of a combination of 

rinsing and brushing to a regimen of rinsing alone. Three different dentifrices were tested. 

Two of them contained SLS and one was free of SLS. A washout period of at least 7 days was 

introduced between the four crossover periods. At baseline (day 1) of each test period all 

subjects received a thorough dental prophylaxis to remove all stain, calculus and plaque. The 

subjects were randomly assigned to a sequence according to a 4 x 4 Latin square balanced 

for carryover effects (Newcombe, 1992 a,b). Instructions for the allocated regimen were given 

to each subject in a sealed envelope. One jaw (upper or lower) was randomly assigned as the 

”study” jaw and was used to evaluate the level of plaque accumulation at the end of each 

4-day period. The opposite jaw, called “the dentifrice” jaw, served to introduce the effect of 

toothbrushing with a dentifrice in the same mouth.  

 Four regimens were designed in which the panelists used the assigned products under 

supervision. In each regimen the subjects rinsed twice daily with 10 ml 0.2% CHX digluco-

nate solution (Corsodyl®; GlaxoSmithKline, Zeist, The Netherlands) during 60 seconds. The 

CHX was to be expectorated directly after the rinsing. Immediately afterwards the subjects 

in the dentifrice regimens brushed for 2 minutes with a manual toothbrush and the assigned 

product in the randomly assigned “dentifrice” jaw (upper or the lower). After brushing, the 

dentifrice foam was expectorated and the oral cavity was rinsed with water during 3 seconds. 

The four regimens included:

• Regimen 1: CHX rinsing + toothbrushing in the “dentifrice” jaw with 1 cm of a 1.5% SLS 

containing dentifrice (Colgate Total®; Colgate Palmolive)*.

 Colgate Total®dentifrice contains 1.5% SLS, 0.3% Triclosan, copolymer, and 0.32 NaF.

• Regimen 2: CHX rinsing + toothbrushing in the “dentifrice” jaw with 1 cm of a 1,1% SLS 

containing dentifrice (Aquafresh Natural Whitening®; GSK).

 Aquafresh Natural White ning ® (GSK) dentifrice contains 1.15% SLS, pyrophosphate, 

0.24% NaF.

• Regimen 3: CHX rinsing + toothbrushing in the “dentifrice” jaw with 1 cm of an SLS free 

dentifrice (Zendium®; Kortman Intradal).

 Zendium® dentifrice contains glucoseoxidase, NaF and amyloglucosidase and is free of SLS.

• Regimen 4: CHX rinsing only, no brushing was allowed.
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 During the experimental regimens all other oral hygiene procedures were suspended. After 

4 days of plaque accumulation, the teeth were scored for plaque in the study jaw, according to 

the modifications of Turesky et al. (1970) and Lobene et al. (1982) of the Quigley & Hein (1962) 

plaque index. After disclosing the teeth with erythrosine, the plaque was assessed at 6 sites 

around each tooth. During the washout period, subjects resumed their normal tooth cleaning 

habits. All clinical measurements were performed by one and the same, blinded examiner 

(D.V.S.) under the same conditions. 

Data analysis   

The mean plaque index was calculated for each individual after each experiment. To compen-

sate for variation of the regimens over time, individual data were corrected by subtracting the 

overall mean value, per experimental period, from each individual value. 

 These acquired values were used to analyze differences between regimens using a Fried-

man test. To approximate differences between regimens, 95% confidence intervals of these 

differences were calculated using a mixed models analysis (BMDP 3 V).

Results

Twenty-one of the 22 subjects completed the study without any protocol violation. There was 

one withdrawal of the trial because of hospitalization due to an urgent surgical intervention 

which was not product related. In general, no side effects were noted. One individual com-

plained once of a burning sensation in the mouth. 

 Table 1 shows the mean plaque-scores of the “study” jaws for rinsing with CHX followed 

by toothbrushing with one of the three dentifrices (regimen 1-3) and for rinsing with 0.2% CHX 

alone (regimen 4). The mean plaque index for the rinsing-brushing regimen CHX - Colgate 

Total® and Aquafresh Natural Whitening® was 1.8., for the rinsing-brushing regimen CHX - 

Zendium® was 1.9 and for the CHX rinsing alone regimen was 1.9. Statistical analysis showed 

no significant difference in overall plaque score between the four regimens. There were no 

differences in effects on those subjects receiving the treatment in the upper jaw as compared 

to those randomized for treatment in the lower jaw.
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Table 1. Mean (SD) overall plaque scores for each regimen after 4 days of plaque  

accu mulation.

Plaque index Regimen 1

CHX - Colgate

Regimen 2

CHX - Aquafresh

Regimen 3

CHX - Zendium

Regimen 4

CHX only

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

Regimen 1: CHX rinsing + toothbrushing in the “dentifrice” jaw with a 1.5% SLS  dentifrice.

Regimen 2: CHX rinsing + toothbrushing in the “dentifrice” jaw with a 1,1% SLS dentifrice. 

Regimen 3: CHX rinsing + toothbrushing in the “dentifrice” jaw with an SLS free dentifrice.

Regimen 4:  CHX rinsing only. 

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

Friedman test on corrected individual values, p = 0.478.

 Table 2 shows the 95% confidence intervals. The extend of the intervals is narrow and 

in none of the intervals “0” was near the boundaries. Also the estimated differences do not 

exceed a 0.1 unit of the plaque index. 

Table 2. 95% CI for differences in plaque indices between regimens

Regimen Estimated differences 95% Confidence Interval

1 versus 2, 3, 4 0.082* -  0,224  0,060

2  versus 1, 3, 4  0.038* -  0,104  0,180  

3 versus 1, 2, 4 0.037* -  0,105  0,179  

4 versus 1, 2, 3 0.007* -  0,135  0,149

Regimen 1: CHX + SLS dentifrice. 

Regimen 2: CHX + SLS dentifrice. 

Regimen 3: CHX + non-SLS dentifrice.

Regimen 4: CHX alone.

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

*Estimate differences when a particular regimen is compared to others (BMDP 3 V).
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Discussion 

Several studies have shown that SLS and CHX may act as antagonists (Bonesvoll et al. 1977, 

Kirkegaard et al. 1974, Rølla et al. 1970, Rølla & Melsen1975, Barkvoll et al.1989, Owens et al. 

1997). However, Van Strydonck et al. (2004) showed, in a 4-day plaque accumulation model, 

that the plaque-inhibitory action of a CHX post-brushing rinse in one jaw, when used under 

the influence of toothbrushing with an SLS containing dentifrice in the opposite jaw, was not 

reduced. The rather unexpected outcome of this study (Van Strydonck 2004) could have been 

the result of poor compliance of the participants, the chosen brushing-rinsing order, and the 

concentration of SLS in the dentifrice or the presence of other dentifrice ingredients. 

 In the previous study (Van Strydonck et al. 2004), the panelists were requested to fill out 

a rinsing diary to stimulate their compliance. Although the returned diaries indicated that the 

panelists followed the given instructions conscientiously, it has recently been shown that the 

use of manually completed brushing diaries at home may not provide an accurate reflection 

of patient compliance with toothbrushing instructions (McCracken et al. 2002). Consequently, 

the present study was conducted using the products under strict supervision. Even under 

these conditions, the present study shows no influence of toothbrushing with a dentifrice on 

the plaque inhibition of CHX. 

 The brushing and rinsing order has been the subject of previous studies. Barkvoll et al. 

(1989) showed that the use of an aqueous solution of SLS before rinsing with CHX had an 

inhibiting effect on the efficacy of a CHX mouthrinse. Similarly Owens et al. (1997) showed 

that an SLS-containing dentifrice-slurry, used before the CHX, resulted in a reduced plaque 

inhibition. Recently, Van Strydonck et al. (2004) had the panelists brush their teeth with an SLS 

containing dentifrice followed by rinsing with CHX, as one would in daily life. No inhibition was 

observed in this design. Barkvoll et al. (1989) also did one experiment in reverse order, having 

subjects use the CHX 30 min. before rinsing with SLS aqueous solution. Again, he observed 

inhibition of the CHX. This was confirmed by Owens et al. (1997), who had the panelists rinse 

with an SLS containing dentifrice-slurry, immediately after the CHX mouthrinse. The present 

study with a design similar to Van Strydonck et al. (2004), but in a reverse order (rinsing-

brushing), questioned the proposed inhibiting effect of the SLS in a dentifrice. Once more, no 

difference in plaque inhibition of CHX under the influence of toothbrushing with a dentifrice 

was observed. 

 Toothbrushing with another brand of dentifrice may have yielded a different result. 

SLS may not be present in equal concentration or equally available in the formula of the 
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dentifrice. In the previous study by Van Strydonck (2004), the influence of one SLS containing 

dentifrice on the anti-plaque efficacy of a 0.2% CHX mouthrinse was investigated. The  

concentration of SLS in the chosen dentifrice (Colgate bi-fluor®) was 1.5%. In the present 

study, 2 dentifrices were tested with different SLS-concentration and one free of SLS. No 

difference in plaque inhibition of CHX under the influence of toothbrushing with or without 

SLS was observed. 

 In the present study, Colgate Total® dentifrice was used which, besides SLS, contains 

Triclosan. This ingredient is supposed to have a supplementary inhibiting effect on plaque 

growth as has been shown in other studies (Svatun et al. 1989, Stephen et al.1990, Jenkins et 

al. 1991a, b,). It is possible that the existing inhibiting effect of the SLS ingredient of the den-

tifrice on the anti-plaque action of CHX is compensated by the addition of the anti-microbial 

effect of Triclosan. However, Aquafresh Natural Whitening â, containing SLS but no Triclosan, 

showed similar results as Colgate Totalâ. Moreover, the results of the combination of Colgate 

Total® and CHX in the present study were also comparable with CHX and Zendium®, a denti-

frice which does not contain SLS and Triclosan.

 As has been suggested in the previous study (Van Strydonk et al. 2004), the most likely 

explanation for the observed absence of a reduction of the inhibitory plaque effect of the 

CHX rinse seems to be a lower intra-oral SLS-concentration and a shorter contact time of SLS 

in our studies as compared to that in the studies of Barkvoll et al. (1989) and Owens (1997). 

In the latter studies the oral cavity was not cleared from SLS after rinsing with the aqueous 

 solution or dentifrice slurry, whereas in our studies the panelists expectorated and rinsed 

with water immediately after brushing with dentifrice. 

 In conclusion, within the present study design, based on the present results and those of 

the previous study of Van Strydonck et al. (2004), the anti-plaque effect of a CHX mouthrinse 

does not appear to be reduced under the influence of a normal toothbrushing exercise with a 

dentifrice, irrespective if the dentifrice contains SLS, or was used before or after the rinse. 

Acknowledgments 

The clinical support of Drs. Philippe Demoor, general practioner (Dental & Paro Clinic Brasschaat, 

Belgium) and Drs. Luc Van Der Sanden, general practitioner (Deurne, Belgium), is grate-

fully acknowledged. The study products were provided by the manufactories of  Corsodyl®, 

Aquafresh® and Zendium®.



52 The anti-plaque efficacy of a chlorhexidine mouthrinse used… 

1

2

3

4

5

6

7

8

9

References

Addy, M. (1986) Chlorhexidine compared with oth-

er locally delivered antimicrobials. A short review. 

Journal of Clinical Periodontology 13, 957-964.

Addy, M. & Moran, J. (1997) Clinical indications for 

the use of chemical adjuncts to plaque control: 

chlorhexidine formulations. Periodontology 2000 

15, 52-4. 

Addy, M., Willis, L. & Moran, J. (1983) The effect of 

toothpaste and chlorhexidine rinses on plaque ac-

cumulation during a 4 day period. Journal of Clini-

cal Periodontology 10, 89-98.

Barkvoll, P., Rölla, G. & Svendsen, A. K. (1989) In-

teraction between chlorhexidine gluconate and 

sodium lauryl sulfate in vivo. Journal of Clinical 

Periodontology 16, 593-595.

Bonesvoll, P. (1977) Influence of ionic strength, 

calcium, sodium dodecyl sulfate and urea on the 

retention of chlorhexidine in the human mouth 

after mouthrinse. Archives of Oral Biology 2, 143-

148.

Frandsen, A. (1986) Mechanical oral hygiene 

practices. In: Löe, H & Kleinman D. (eds.) Dental 

plaque control measures and oral hygiene prac-

tices, pp. 93-116. Oxford: IRL. Press.

Jenkins, S., Addy, M., Newcombe, R. G. (1991a) Tri-

closan and sodium lauryl sulfate mouthwashes(I). 

Effects on saliva bacterial counts. Journal of Clini-

cal Periodontology 18, 140-144.

Jenkins, S., Addy, M., Newcombe, R. G. (1991b) Tri-

closan and sodium lauryl sulfate mouthwashes(II). 

Effects of 4-day plaque regrowth. Journal of Clini-

cal Periodontology 18, 145-148.

Kirkegaard, E., Fehr, F. R., von der Rölla, G. (1974) 

Influence of chlorhexidine on in vitro uptake of 

fluoride in dental enamel. Scandinavian Journal 

of Dental Research 82, 566-569.

Lobene, R. R. , Soparkar, P. M. , Newman, M. B. 

(1982) Use of dental floss effect on plaque and 

gingivitis. Clinical Preventive Dentistry 4, 5-8.

Löe, H. & Theilade, E. & Jensen, S. B.(1965) Experi-

mental gingivitis in man. Journal of Periodontol-

ogy 36, 177-187. 

McCracken, G. I., Janssen J., Steen N., deJager M. 

& Heasman P. A. (2002) A clinical evaluation of a 

novel data logger to determine compliance with 

the use of powered toothbrushes. Journal of Clini-

cal Periodontology 29, 838-843.

Newcombe, R. G. (1992a) Latin Square design for 

crossover studies balanced for carryover effects. 

Stat Med. 11, 560.



53…in combination with toothbrushing with dentifrice.

1

2

3

4

5

6

7

8

9

Newcombe, R. G. (1992b) Crossover trials com-

paring several treatments. Journal of Clinical 

Periodontology 19, 785-787.

Owens, J., Addy, M., Faulkner, J., Lockwood, C. & 

Adair, R. (1997) A short-term clinical study de-

sign to investigate the chemical plaque inhibitory 

properties of mouthrinses when used as adjuncts 

to toothpastes: applied to chlorhexidine. Journal 

of Clinical Periodontology  24, 732-737.

Quigley, G. & Hein, J. (1962) Comparative cleans-

ing efficiency of manual and power brushing. 

Journal of the American Dental Association 65, 

26-29.

Rølla, G., Löe, H. & Schiött, C. R. (1970) The af-

finity of chlorhexidine for hydroxyapatite and 

salivary mucins. Journal of Periodontal Research 

5, 79-83. 

Rølla, G. & Melsen, B. (1975) On the mechanism 

of the plaque inhibition by chlorhexidine. Journal 

of Dental Research 54, 1357-1362.

Stephen, K. W., Saxton, C. A., Jones, C. L., Ritchie 

J. A., Morrison, T. (1990) Control of gingivitis and 

calculus by a dentifrice containing a zinc salt and 

triclosan. Journal of Periodontology 61, 674-679 

Svatun, B., Saxton, C. A., Rølla, G., van der Ou-

deraa, F. (1989) One - year study of the efficacy of 

a dentifrice containing zinc citrate and triclosan to 

maintain gingival health. Scandinavian Journal of 

Dental Research 97, 242-246.

Turesky, S., Gilmore, N. D., Glickman, I. (1970) 

Reduced plaque formation by the chloromethyl 

analogue of vitamine C. Journal of Periodontol-

ogy 41, 41-43.

Van Strydonck, D. A. C. , Scalé, S. , Timmerman, 

M. F., Van der Velden, U. & Van der Weijden, G. A. 

(2004) The influence of an SLS containing denti-

frice on the anti-plaque efficacy of a chlorhexidine 

mouthrinse. Journal of Periodontology 31, 219-

222.



54



CHX-SLS study 3

55

Chapter 4

Chlorhexidine mouthrinse 
in combination with 
an SLS- containing 

dentifrice and a 
dentifrice slurry

Van Strydonck D.A.C.

Timmerman M.F. 

Van der Velden U. 

Van der Weijden G.A

Department of Periodontology, Academic Centre for  Dentistry  Amsterdam, 

 The  Netherlands

Journal of Clinical Periodontology 2006, 33: 340-344



56 Chlorhexidine mouthrinse in combination with an.… 

1

2

3

4

5

6

7

8

9



57…SLS- containing dentifrice and a dentifrice slurry

1

2

3

4

5

6

7

8

9

Introduction

Effective plaque control is crucial for the maintenance of periodontal health. For most indi-

viduals, the most efficient, safe and economical method of removing plaque, is tooth brushing 

with a dentifrice. However, for many, a plaque-free dentition, obtained by toothbrushing with 

dentifrice only, is a difficult goal to achieve. The adjunctive use of an antiseptic agent may 

therefore be justified. After 3 decades of use in oral medicine, chlorhexidine digluconate 

(CHX) is still considered as the leading antiseptic to combat biofilms in supragingival and oral 

musocal sites (Addy 1986, Addy & Moran 1997). 

 One of the most widely used detergents in dentifrice is sodium lauryl sulphate (SLS). 

Unfortunately, in vitro, SLS and CHX may act as antagonists (Rölla et al. 1970, Kirkegaard 

et al. 1974, Rölla & Melsen 1975, Bonesvoll et al. 1977,Barkvoll et al.1988). ‘In vivo’, the 

interactions between CHX and SLS have been studied by Barkvoll et al. (1989) and Owens 

et al. (1997). They both concluded that CHX and SLS are not compatible in the oral cavity, 

even when they are introduced separately. Ever since, it has been recommended that the time 

between a CHX rinsing and toothbrushing with an SLS-containing dentifrice should at least 

be 30 minutes, probably close to 2 hours, in order to avoid reduction in the anti-microbial 

effect of CHX. To optimize the efficacy of a CHX rinse, toothbrushing with dentifrice should 

be suspended or toothbrushing should be performed with dentifrice formulations without 

antagonistic ingredients (Owens et al. 1997) or without dentifrice. In these initial studies, SLS 

was used as an aqueous solution (Barkvoll et al.1989) or as water dentifrice slurry (Owens et 

al.1997). The proposed inhibiting effect of SLS has not been tested if one uses this product as 

one would for daily oral hygiene.

 Recently, these practical guidelines have been questioned by Van Strydonck et al. 

(2004a). In a 4-day plaque accumulation model, the plaque-inhibition of a 0.2% CHX rinse in 

one jaw was investigated under the influence of toothbrushing with a 1.5% SLS-containing 

dentifrice in the opposite jaw. On the basis of their clinical results, it appeared that the anti-

plaque efficacy of the 0.2% CHX mouthrinse was not reduced. 

 A second study (Van Strydonck et al. 2004b) with a similar design confirmed the findings 

of the first study. This time, the study was performed under supervision, the order of rinsing-

brushing was reversed, and different brands of dentifrice, with and without SLS, were com-

pared. Again, the results showed that the anti-plaque efficacy of CHX was not reduced by 

e veryday toothbrushing with a dentifrice. Irrespective if the dentifrice contains SLS, or was 

used before or after the rinse, these two dentifrice studies by Van Strydonck et al. (2004 
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a,b) did not support the conclusions of the earlier work (Barkvoll et al.,1989 and Owens et 

al.,1997). 

 The most plausible explanation of the conflicting results of Van Strydonck et al. (2004 a, b) 

compared to the earlier CHX-SLS interaction studies (Barkvoll et al. 1989, Owens et al. 1997) 

seems to be the use of an SLS-containing dentifrice by Van Strydonck et al. (2004 a, b) instead 

of an SLS rinse by the other authors. 

 The aim of the present study was therefore to compare, the plaque-inhibitory effect of 

a 0.2% CHX rinse when preceded by everyday toothbrushing with a 1.5% SLS-containing  

dentifrice in the opposite jaw, to the effects of the same rinse when preceded by rinsing with 

an SLS-containing dentifrice slurry and rinsing with 0.2% alone. The present parallel study 

intended to eliminate any carry-over effects. 

Materials and methods

Subjects     

120 subjects, 54 males and 66 females, aged between 16 and 70 (mean age 43) were found to 

be suitable for the study. Subjects were in good general health without a medical history or 

medication that might interfere with the outcome of the study. All subjects were dentate with 

at least 24 scorable teeth, excluding third molars or crowned teeth with porcelain or golden 

restorations. 

 They were excluded if they had fixed or removable orthodontic appliances or removable 

prosthesis, pockets > 5 mm or attachment loss > 2 mm. On approval, all the volunteers received 

a personal instruction schedule, signed an informed-consent paper and, in order to participate, 

agreed to the following:

 

• Products would only be used under supervision of 2 dental assistants twice daily at set 

times.      

• Appointments (days and hours) were strict and could not be changed.

• It was not allowed to perform another form of oral hygiene other than the one assigned.

• It was not allowed to eat, drink or rinse with water within 30 minutes after the rinsing 

procedure with the test rinse. 

• Any change in medical status or medicine intake was to be reported. 
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 The study was conducted in accordance with the ethical principles that have their origin 

in the Declaration of Helsinki and that are consistent with Good Clinical Practice.

 

Procedure

The study had a single-blind, randomized, 3-arm parallel design. It used a 4-day plaque 

 accumulation model to compare, 3 groups of healthy volunteers with 3 different, supervised, 

oral hygiene regimens (A, B and C). The 3 groups (n=40 each) were matched for sex and age. 

 The experiment was performed in one randomly assigned (upper or lower) jaw, called 

the “study” jaw. The opposite jaw, referred to as the “dentifrice” jaw, served only to intro-

duce the influence of toothbrushing with a dentifrice on the anti-plaque efficacy of the CHX 

in the “study” jaw of the same mouth. At the end of the 4-day test period, plaque and gingival 

bleeding were scored in the study jaw. In all the regimens the oral hygiene procedure was 

finalized by rinsing with a CHX 0.2% solution for 1 minute. The study jaw was not brushed 

during the  experiment. Regimen A (positive control) consisted of rinsing with 0.2% CHX alone. 

In  regimen B, rinsing with CHX was preceded by rinsing (60 seconds) with a 1.5% SLS-containing 

slurry, while in regimen C rinsing with 0.2% CHX was preceded by toothbrushing (60 sec-

onds) with a 1.5% SLS-containing dentifrice in the “dentifrice” jaw (table 1). After brushing, the 

 dentifrice foam was thoroughly expectorated and the mouth was shortly (3 seconds) rinsed 

with water. No other oral hygiene measures were allowed. 

 At baseline (day 1), all subjects received thorough professional prophylaxis by two sub-

sequent operators. After staining the teeth with an aqueous erythrosine disclosing solution 

(0.9%), a first operator (Ph.D) removed all supragingival plaque, stain and calculus by sonic 

airscaler and polished all the teeth. Subsequently, after a second disclosing, the second 

 operator (L.V.D.S.) made sure that all visible remnants of plaque, stain and calculus were 

removed from the teeth. 

 Throughout the duration of the study, subjects were asked to refrain from all forms of 

oral hygiene other than assigned products (e.g. dentifrice, non-study toothbrushes & mouth-

rinses, floss, woodsticks, interdental brushes, electric toothbrushes, oral irrigators, etc.). 

 Subsequently, they were randomly assigned to 1 of the 3 regimens. Instructions for the 

allocated regimen were given to each subject by a dental assistant, who also supervised the 

further conduct of the study.

 During the test week, the subjects were performing their given test regimes, while 

two dental assistants supervised the brushing-rinsing twice daily at set times, during the 
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study duration. After 4 days of undisturbed plaque accumulation, the amount of plaque was 

scored in the “study” jaw. After disclosing the teeth with an erythrosine solution, plaque was 

 assessed at 6 sites around each tooth, according to the modifications of Turesky et al. (1970) 

and  Lobene et al. (1982) of the Quigley & Hein (1962) plaque index. In addition, at day 4, 

bleeding was scored in the “study” jaw by the use of a WHO approved ball ended probe (Ash 

Probe EN15) and assessed by bleeding on marginal probing (Van der Weijden et al.1994, Lie et 

al. 2001). In short: the marginal gingivae were probed at an angle of approximately 60˚ to the 

longitudinal axis of the tooth. The bleeding was assessed at six sites per tooth. The gingival 

units which bled upon probing were recorded (score 0, 1 and 2) giving non-bleeding sites a 

(0), pin prick bleeding sites a (1) and excess bleeding sites a (2). Bleeding was scored within 

30 seconds after probing. After the test, subjects resumed to their normal tooth cleaning 

habits. All clinical measurements were performed under the same conditions by one and the 

same, well-trained, examiner (D. V. S.), who was blinded to the treatment. 

Table 1. Regimens

Regimen A Rinsing only with 0.2% CHX rinse for 60 seconds.*

 No brushing was allowed.

Regimen B Rinsing with a 3 g/10 ml water SLS-containing dentifrice slurry for   

 60  seconds.†

 Expectoration of the slurry, not followed by rinsing with water.

 Rinsing with a 0.2% CHX rinse for 60 seconds.*

 No brushing was allowed.

Regimen C Toothbrushing in the “dentifrice” jaw with 1 cm of a 1.5% SLS-containing

 dentifrice for 60 seconds.‡

 Expectoration of remaning dentifrice, followed by rinsing with water 

 for 3 seconds.

 Rinsing with 0.2% CHX rinse for 60 seconds.*

 No brushing of the study jaw was allowed.

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

* Corsodyl®, GlaxoSmithKline (GSK), Zeist, the Netherlands).

† Aquafresh Regular® slurry (GSK) contains 3 g dentifrice Aquafresh Regular® (GSK)/10 ml 

water solution. 

‡ Aquafresh Regular® (GSK) dentifrice contains 1.5% SLS, pyrophosphate, 0.24% NaF 

(0.3% NaF = 1500 p.p.m.).
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Data analysis 

Full mouth mean plaque and bleeding scores were calculated. Plaque scores were con sidered 

as the primary outcome variable. Kruskall Wallis tests were used to test for differences 

 between the 3 regimens. Mann Whitney tests were used for post-testing. The p-values were 

adjusted for multiple testing using Bonferoni corrections (a factor 3 was used since in total 3 

tests were performed). Furthermore 95% confidence intervals were calculated for differences 

between the groups. p-values < 0.05 were considered as statistically significant. Power-calcu-

lations show that the study design was able to discern a difference of 0.35 with a N of 40 and 

a pooled standard deviation of 0.56 at a power of 80%.

Results

119 of the selected subjects (n=120) completed the study without protocol violation. One 

subject was withdrawn from the trial because of non-compliance with the study protocol 

and was not included in the analysis. No adverse effects were noted. Table 2 shows the 

mean plaque-scores of the “study” jaws for the 3 regimens. The mean plaque index for the 

“CHX rinsing only” regimen (A), was 1.17, for the “Slurry-CHX” regimen (B) 1.62 and for the 

“brushing-CHX” regimen (C) 1.14. Analysis showed a significant difference between the 3 

regimens (p= 0.006). Explorative testing revealed a higher plaque index for the “Slurry-

CHX” as compared to each of the other 2 regimens (Table 3). The mean bleeding index in 

the “study” jaw for regimen (A), was 0.24, for regimen (B) was 0.18 and for (C) was 0.20 

(Table 2). There was no significant difference in bleeding on marginal probing score between 

the 3 different regimens (Table 4). 

Table 2. Mean overall plaque and bleeding scores for each regimen after 4 days of plaque 

 accumulation, standard deviation in parenthesis

CHX alone

(n = 40)

Slurry-CHX

(n = 40)

Dentifrice-CHX

(n = 39)

p-value*

Plaque index 1.17 (0.62) 1.62 (0.55) 1.14 (0.51) 0.0006

Bleeding index 0.24 (0.17) 0.18 (0.15) 0.20 (0.17) 0.2842

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

*Kruskall-Wallis test.



62 Chlorhexidine mouthrinse in combination with an.… 

1

2

3

4

5

6

7

8

9

Table 3. p -values of post-testing* and 95% confidence intervals for differences in plaque 

indices between regimens

Regimens Original p-values

(Mann-Whitney test)

95% Confidence Interval

A-B 0.0027* 0.20-0.72

A-C 0.8947 -0.23-0.28

B-C 0.0002* 0.25-0.72

Regimen A: CHX alone.

Regimen B: Slurry-CHX.

Regimen C: Dentifrice-CHX.

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

*Significant after Bonferroni’s corrections (factor 3) for multiple comparisons.

Table 4. p -values of post-testing* and 95% confidence intervals for differences in  marginal 

bleeding indices between regimens

Regimens Original p-values

(Mann-Whitney test)

95% Confidence Interval

A-B 0.1018* -0.12-0.018

A-C 0.6948 -0.04-0.11

B-C 0.3339* -0.09-0.05

Regimen A: CHX alone.

Regimen B: Slurry-CHX.

Regimen C: dentifrice-CHX.

CHX, chlorhexidine digluconate; SLS, sodium lauryl sulphate.

*Significant after Bonferroni’s corrections (factor 3) for multiple comparisons.
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Discussion 

Dentifrice ingredients such as SLS have been shown to inhibit the activity of CHX (Barkvoll et al. 

1989, Owens et al.1997).  Barkvoll et al.(1989) allowed their subjects to rinse with an aqueous  

 solution of 0.2% SLS. In the study of Owens et al. (1997) the dentifrice, being a sodium fluoride 

and sodium monofluorophosphate SLS containing product, was made into a 3g/10 ml water 

slurry. In both these studies on CHX-SLS interaction, the oral cavity was not cleared from SLS 

before the rinsing with CHX. In previous dentifrice studies by Van Strydonck et al. (2004a,b), 

and also in the present study, the SLS detergent was tested in an “everyday oral hygiene” 

situation, i.e. toothbrushing with an SLS-containing dentifrice. As in daily life, the panelists 

expectorated the remnants of dentifrice and rinsed with water immediately after the brushing 

with the dentifrice. This cleared the oral cavity of the residual SLS dentifrice. A lower intra-oral 

SLS-concentration and a shorter contact time of SLS with CHX, is considered to be responsible 

for the observed absence of reduction in plaque inhibition when using a CHX rinse in combi-

nation with dentifrice (Van Strydonck et al. 2004a,b). This supposition has been confirmed in 

the present study. Compared to the CHX-alone group, the dentifrice group showed no reduced 

plaque inhibition, while the slurry group, which is comparable to earlier studies (Barkvoll et 

al.1989, Owens et al. 1997), showed a significantly higher level of plaque accumulation.

 Analogous to the studies of Barkvoll et al. (1989) and Owens et al. (1997), both studies by 

Van Strydonck et al. (2004a,b) used a cross-over model, using each patient as its own  control. 

That design was chosen to provide considerable power to detect differences with relatively 

small sample sizes. Crossover experiments can yield great savings if the assumption of no 

carry-over effect is valid (Grizzle 1965, Louis et al. 1984). The 4-day plaque accumulation 

model includes a thorough dental prophylaxis prior to the commencement of each test regi-

men. The magnitude and duration of this was not established and frequent prophylaxis may 

influence the level of gingival health. It has been shown that, with healthy gingival tissues, 

less plaque develops (Ramberg et al.1994,1995). This may introduce an unwanted carry-over 

effect which could possibly have obscured the interaction that is the subject of the former 

CHX-SLS interaction studies. The present study was designed to eliminate any possible carry-

over effect. For this reason, it has a parallel design.  

 Several studies have shown that the development of plaque may be dependent on a 

number of factors such diet (Rateitschak-Pluss & Guggenheim 1982), surface roughness 

(Quirynen et al.1990), the periodontal condition (Rowshani et al. 2004, Dahan et al. 2004) 
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and the bacterial salivary load (Dahan et al. 2004). Hillam & Hull (1977) showed in an experi-

mental gingivitis study that the amount of plaque which developed in 24h in gingival health 

at baseline was considerably less as compared with the amount of plaque developed in 24h 

at the end of the experimental gingivitis period. More extensive studies performed by Lang 

et al. (1973), Breckx et al. (1980), Goh et al. (1986), Quirynen et al. (1991), Ramberg et al. 

(1994,1995), Daly & Highfield (1996) and Rudiger et al. (2002), all confirmed that the perio-

dontal condition is of foremost importance in the rate of de novo plaque formation. Using 3 

separate groups, in the present parallel design, may introduce an unwanted effect as a result 

of varying levels of gingival health. Therefore, in this study, in addition to plaque levels, the 

level of gingival health was assessed to make sure that this was not an interfering factor with 

the outcome of the study. In terms of bleeding on marginal probing, no significant difference 

was found between the 3 regimens. Table 4 shows the 95% CI for the differences in bleeding 

scores. These intervals are narrow and ‘0’ is not far from the middle of the interval. It can 

therefore be concluded that the level of gingival health was not the origin of a more elevated 

plaque index as observed in the slurry group.

 The present study has shown that the anti-plaque efficacy of a 0.2% CHX rinse is reduced 

under the influence of an SLS-containing dentifrice solution, which is in agreement with the 

earlier findings of Barkvoll et al. (1989) and Owens et al. (1997). However, their conclusions 

about the influence of everyday toothbrushing with an SLS-containing dentifrice on the anti-

plaque efficacy of a 0.2% CHX may have been premature. Both the results of the present 

study and the 2 previous studies on efficacy of CHX combined with the interaction of differ-

ent dentifrices for toothbrushing by Van Strydonck et al. (2004a,b), clearly indicate that the 

anti-plaque effect of a CHX mouthrinse is not reduced under the influence of normal everyday 

toothbrushing with a dentifrice, irrespective if the dentifrice contains SLS, or was used before 

or after the rinse. This observation has a practical implication for periodontal treatment. After 

periodontal surgery in for instance one quadrant in the mouth, the use of a CHX mouthrinse 

is frequently subscribed to optimize adequate wound healing of the operated area.

 One needs not to be concerned when toothbrushing is performed before or after the 

 rinsing procedure.

 In conclusion, when 0.2% CHX rinse was preceded by rinsing with an SLS-containing slurry 

the anti-plaque efficacy of CHX was reduced. However, when everyday toothbrushing with an 

SLS-containing dentifrice preceded a 0.2% CHX rinse, there was no significant difference from 

0.2% CHX alone.
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Introduction 

A long-term plaque-free dentition seems to be an unrealistic goal. To overcome deficiencies 

in mechanical tooth cleaning as practiced by many individuals (Bouwsma 1996) and some mi-

nority groups (Francis et al. 1987, Ferritti et al.1987, Shaw et al. 1984), the use of an effective 

antiseptic agent, could have clear benefits. 

 Chlorhexidine (CHX), a bisguanide, appears to be the most effective chemical agent in 

plaque control. CHX is free from systemic toxicity in oral use and microbial resistance and 

supra-infection do not occur. CHX as a 0.2% concentration has been readily available as “the 

leading oral antiseptic“ for the last 2 decades. Rinsing for 60 seconds twice daily with 10 ml 

of a 0.2% (= 20 mg dose) CHX-digluconate solution in the absence of normal tooth cleaning, 

inhibits plaque regrowth and helps to prevent inflammation of the gums and tooth decay (Löe 

and Schiött 1970). 

 Nonetheless, most practitioners do not recommend long-term daily use of CHX as a 

mouthrinse, mainly because of the esthetic problem of tooth staining and the perturbation of 

the taste. These two side effects limit the acceptability to users and the long-term employment 

of a 0.2% CHX antiseptic in preventive dentistry. Although long-term field studies on com-

pliance in the use of mouthrinses are still lacking, those unpleasant factors may have the 

consequence that patients do not follow the rinsing instructions conscientiously. Manufacturers 

have tried to modify the taste of their mouthrinses, but the bitter taste of CHX is evidently 

difficult to mask. Plaque inhibition by CHX is dose-dependent, and similar plaque inhibitions 

can be achieved with larger volumes of lower concentration solutions (Bonesvoll & Gjermo 

1978). In order to improve the taste, some brands have lowered the concentration of CHX in 

mouthrinses. Also the alcohol, which serves as a delivering vehicle, has been removed. The 

use of alcohol as a base for mouthrinses was already a common practice in Roman times. 

Nowadays, ‘in vitro’ data (Poggi et al. 2003) suggest that deleterious effects of the alcohol 

may occur ‘in vivo’. These authors have therefore proposed that clinicians should be alerted 

to the potentially adverse effect of alcohol containing mouthrinses to promote oral health. In 

this perspective it would be of common interest to omit alcohol in routinely used commercial 

mouthrinses. 

 These concerns led to the search for new formulations. CHX mouthrinse products with a 

concentration of 0.1% and 0.12% are already available. Recently, a new 0.12% CHX formulation 

(Perio-Aid®) has been marketed in Europe using an alcohol free base with 0.05% cetylpyridinium 

chloride (CPC). To date little is known about the efficacy of CHX when used in an alcohol free 
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base. Rinsing with this new formulation might cause fewer side effects, but on the other hand 

may be less efficient. 

 The aim of the present study was therefore to assess the effect on plaque inhibition of 

two commercially available CHX mouthrinses (0.12% CHX Perio-aid® non–alcohol CPC base 

versus 0.2% CHX Corsodyl® alcohol base). In addition, the study evaluated the individual 

taste perception. 

Material and methods

Subjects 

Forty healthy participants of both genders were recruited from dental students of the 

 University. They were selected on good general health without a medical history or medi-

cation which might interfere with the conduct of the study. Other selection criteria were a 

dentition with at least 24 teeth (minimum of 5 teeth per quadrant), pockets < 5 mm and no 

orthodontic or removable dental appliances. 

 They were not allowed to participate if they reported to be allergic to CHX and/or if they 

had used antibiotics in the previous 3 months. All eligible subjects were given oral and written 

information about the products and the purpose of the study. After screening for suitability, they 

were all requested to give their written informed-consent.  

Procedure 

This study was designed as a single-blind, randomized, 2-group parallel experiment.

 Over a 72-hour experimental non-brushing period, during which subjects abstained from 

all forms of mechanical oral hygiene, one group (test) used an alcohol free 0.12% CHX mouth-

rinse on a 0.05% CPC (Perioaid®, CHX  CPC), twice daily for 30 seconds. The other group 

(positive control) used a 0.2% CHX mouthrinse in an 11.8% ethanol alcohol base (Corsodyl®, 

CHX  Alc), twice daily for 60 seconds.

 At baseline, all participants were stained for plaque and received a thorough supra-

gingival dental prophylaxis to remove all stain, calculus and plaque. This was performed 

 using hand instruments and rotating brushes with polishing paste. Any remaining plaque was 

stained for a second time using erythrosine disclosing solution and cotton swabs to make 

sure all visible plaque was removed. 
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 Subjects were randomly assigned to the test or the control group. The subjects in the test 

group received a bottle of mouthrinse containing 300 ml 0.12% CHX (Perioaid®, CHX  CPC). 

The subjects in the control group received a bottle of mouthrinse containing 200 ml 0.2% CHX 

(Corsodyl®, CHX  Alc). 

 All subjects were instructed to rinse twice daily (in the morning and in the evening), 

which is the standard therapy with CHX mouthrinses (Wennström 1996). The test group (CHX 

 CPC) rinsed with 15 ml for 30 seconds and then expectorated, while the control group (CHX 

 Alc) rinsed with 10 ml for 60 seconds and then expectorated. Both regimens are suggested 

by the manufacturers in the instructions. Rinsing with water for the subsequent 30 minutes 

after this procedure was not allowed. Written instructions were provided explaining how to 

use the mouthrinses. To check for compliance, subjects were asked to note down the times at 

which they rinsed on a rinsing calendar. All participants were instructed to refrain from using 

any other form of oral hygiene during the experimental period. 

 After 72 hour all subjects were disclosed with a 1% erythrosine solution and the plaque 

in both groups was recorded at 6 sites per tooth on a 5 point scale using the Quigley & Hein 

(1962) plaque index as modified by Turesky et al. (1970) and further modified by Lobene et al. 

(1982). All measurements were carried out under the same conditions by the same blinded 

examiner who was unaware of the mouthrinse used by the participants. Finally, all subjects 

received a questionnaire using a visual analogue scale designed to evaluate their attitudes to 

the mouthrinse which they had used. They were questioned about their appreciation of the 

taste of the mouthwash. Subjects marked a point on a 10 cm long uncalibrated line with the 

negative extreme response (0) on the left and the positive extreme (10) at the right end. 

• Corsodyl® GlaxoSmithKline, Zeist, The Netherlands  

• Perioaid ®, Dentaid Benelux,Houten, The Netherlands

Data analysis 

The plaque scores were used as the main response variable. Mann-Whitney tests were used 

to compare data between groups. Data considering the VAS-scores of the questionnaire were 

analyzed using Mann-Whitney tests. p-values ≤ 0.05 were considered as statistically signifi-

cant.
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Results

Of the 40 subjects which were entered into the study, 39 completed the 72-hour rinse period. 

One subject was lost due to an illness unrelated to the study product. The results of this study 

are presented in table 1. As shown in table 1 the mean plaque index (on a 5 point scale) for 

the CHX  CPC test group was 0.97 and for the CHX  Alc control group 0.78 after 72 hours of 

non-brushing. Statistical analysis showed that there was no significant difference in plaque 

index between the two groups.  

 The questionnaire was completed by the subjects after the plaque was scored. Table 1 

shows the VAS scores of the subject’s appreciation of the mouthrinses. The answers on the 

questions (taste perception and after-taste) showed a statistically significant difference be-

tween the 2 groups. 

 The mean VAS scores on a scale from very bad to very good taste (0-10) were 5.92 for the 

CHX  CPC group and 4.10 for the CHX  Alc group. It appears that the subjects appreciated 

the taste of CHX  CPC better than the taste of CHX  Alc (p=0.02). The subjects were also 

asked how they experienced the length of the after- taste of the 2 mouthrinses. On a scale 

from very short to very long (0-10), the CHX  CPC group had a VAS score 7.24 whereas the 

CHX  Alc group had a mean VAS score of 5.38. It appeared that the taste of the CHX  CPC 

rinse remained longer in the mouth (p=0.04). 

Table 1. Mean overall plaque scores (Quigley & Hein1962, scale 0-5) and patient perception 

of taste for each rinse after 72 hours of plaque accumulation, standard deviation 

in parentheses. 

CHX  CPC CHX  Alc p-value

N 19 20

Plaque Index 0.97 (0.46) 0.78 (0.31) 0.14†

Taste 5.93 (0.50) 4.13 (1.92) 0.02

After-taste 7.24 (1.84) 5.39 (2.18) 0.04

*Mann-Whitney test.

† 95% Confidence Interval -0.07< >0.45.

Question taste: What is your opinion concerning the taste of the mouthrinse?

Question after taste: How long did the taste of the mouthrinse remain after rinsing?

CHX  CPC = 0.12% chlorhexidine solution with 0.05% cetylpyridinium chloride basis 

(Perio aid®), CHX  Alc = 0.2% chlorhexidine solution with alcohol basis (Corsodyl®). 



77…available chlorhexidine mouthrinses.

1

2

3

4

5

6

7

8

9

Discussion 

The long-term efficacy and safety of a CHX mouthrinse has been proven in several ‘in vitro’ 

and ‘in vivo’ studies (Löe & Schiött 1970, Löe et al. 1976, Mackenzie et al. 1976, Brecx et al. 

1990). A 0.2% CHX mouthrinse, accepted as the gold standard, shows a persistent bacterio-

static action lasting in excess of 12 hours (Schiött et al. 1970). In order to reduce disturbing 

local side effects, which are mainly cosmetic problems, consideration has been given to CHX 

mouthrinses with lower concentrations. With reduced CHX concentration, decreased side 

 effects have been reported (Cumming & Löe 1973; Agerbaek et al. 1975, Flötra et al. 1971). 

Longer-term clinical studies have shown no differences in plaque-inhibition between 0.1%, 

0.12% and 0.2% CHX rinses (Flötra et al. 1972, Lang et al. 1982, Segreto et al. 1986). More 

than the concentration, the dose of CHX appears of considerable relevance to the efficacy of 

mouthrinse formulations (Bonesvoll & Gjermo 1978, Jenkins et al. 1994, Keijser et al. 2003). 

The optimum dose of CHX is generally considered to be in the region of 20 mg twice daily 

(Cumming & Löe 1973, Jenkins et al. 1994, Agerbaek et al. 1975) which balances efficacy 

against local side effects and user acceptability (Flötra et al. 1971). Concentrations of 0.12% 

CHX appear as effective as 0.2% if the volume of the rinse was increased from 10 ml to 15 ml, 

giving an 18 mg dose on each occasion (Keijser et al. 2003). The present study confirms these 

previous findings and showed no significant advantage with regard to plaque inhibition for 

the 0.2% CHX  Alc over the 0.12% CHX  CPC. The 0.2% CHX  Alc was used for 60 seconds, 

whereas the 0.12% CHX  CPC was used for 30 seconds. Both procedures were according to 

the manufacturer’s instructions. This design is comparable to an earlier study (Keijser et al. 

2003) which evaluated 2 mouthrinses with concentrations of CHX per delivered volume and 

rinsing times, similar to the 2 groups in the present study. However, in the study of Keijser et 

al. (2003) the 0.12% CHX was of a different brand which did have an alcoholic base. Also in 

their study no difference was observed between the 2 groups.   

 CHX has been included in mouthwashes not only at different concentrations, but also in 

different formulations. Alcohol, especially ethanol, is commonly used as a chemical agent in 

mouthwash solutions. Although ethanol showed only a slight antibacterial efficacy against 

oral bacteria (Gjermo et al. 1970, Myklebust 1985, Sissons et al.1996), about 90% of mouth-

wash preparations in Germany contained alcohol (Friedmann 1991, Netuschil 1997). The pur-

pose of the addition of alcohol is 4-fold: (1) as a vehicle to dissolve other ingredients, (2) as 

an antiseptic agent, (3) to stabilize certain active ingredients and (4) to improve the shelf-

life of the product (Penugonda et al. 1994, Otomo-Corgel 1990). The ADA and FDA accepted 
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CHX mouthrinse formulation includes 11.6% of alcohol (Mandel 1994). Although there is no 

 scientific evidence, some concern has been raised about the association of alcohol containing 

mouthrinses with oral cancer (Elmore & Horwitz 1995). Most commercial mouthrinses contain 

ethanol that could increase the risk for oral cancer, especially in regular users of mouthrinses 

containing 25% alcohol or more (Smigel 1991). Whether these concerns are scientifically valid, 

has not been established. At present, when correctly prescribed, the risk from the alcohol 

ingredient is probably minimal. This, however, does not exclude the possible risk from self-

prescription, the chronic use of mouthrinses or the indigestion of alcoholic mouthrinses by 

children. Alcohol-free mouthrinses can be recommended in all patients but especially in pa-

tients for whom the use of alcohol is contraindicated (Leyes Borrajo et al. 2002). For instance, 

in recovering alcoholics, alcohol-containing mouthrinses could create the desire for alcohol. 

Also in patients taking metronidazole or disulfiram, as inadvertent swallowing of an alcohol-

containing mouthrinse can cause gastrointestinal upset. 

 Alcohol free CHX mouthrinses, are considered to cause fewer side effects, but they may 

also be less efficient. Alcohol has been added because it is important for the stability of the 

formulation and on the other hand for the prevention of cross contamination (Vigeant et 

al. 1998). New CHX mouthrinse formulations have been developed with alternative chemi-

cal agents in order to replace the alcohol. The CHX  CPC formulation, used in the present 

study, has in recent years been marketed in Europe under the name Perioaid®. The added 

CPC is known to have some antibacterial activity and many studies on CPC formulations and 

products (Mandel 1988) confirm the activity of this antiseptic agent. However, the mere incor-

poration of CPC in a CHX mouthrinse does not guarantee activity since modifications in the 

formulation could also affect its action (Addy et al. 1991, Harper et al. 1995). The short term 

study of Quirynen et al. (2001) indicated however, that alcohol-free mouthrinses, especially 

the CHX  CPC solution, were as efficient as those with an alcohol base on the inhibition of 

‘the novo’  plaque formation. 

 Recently, Herrera et al. (2003) investigated whether there are microbiological differences 

both ‘in vivo’ and ‘in vitro’, among 0.12% CHX commercial mouthrinses with and without 

alcohol. They observed that a 0.12% CHX formulation with alcohol was more active than a 

0.12% CHX without alcohol but a favorable exception was however the formulation in which 

CPC was added and which increased the antimicrobial activity. Earlier clinical and microbio-

logical studies support the statement that alcohol-free mouthrinse solutions are effective in 
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reducing plaque accumulation compared to a placebo solution (Arweiler et al. 2001, Leyes 

Borrajo et al. 2002, Eldridge et al.1998). The absence of alcohol offers several advantages 

and CPC appears to be a valuable alternative in order to maintain stability and anti-plaque 

activity within the CHX mouthrinse. Whether in the present study CPC actually contributed to 

the activity of the CHX was not assessed. 

 In a study of Ernst et al. (1998) approximately 33% of the people claim that alcohol-

containing CHX mouthrinses are of poor taste. It has a reversible effect on the taste (intensity 

and quality) of NaCl and quinine-HCL and, to a lesser extent, on the taste quality of sucrose 

and citric acids (Helms et al. 1995). It has been proposed that the salt taste appears to be 

preferentially affected, leaving food and drinks with a rather bland taste (Lang et al. 1988). 

An alcohol-containing CHX mouthrinse may even alter the taste perception for up to 4 hrs 

after rinsing (Bolanowski et al. 1995). In the present study, a questionnaire was applied to 

evaluate the subject’s attitude towards taste perception. The results showed that the CHX  

CPC was considered to taste better than the CHX  Alc, but the after-taste remained longer 

in the mouth. Quirynen et al. (2001) also demonstrated with CHX  CPC reduced unpleasant 

side effects, especially for taste. One can question if it is the lower concentration of CHX 

or the shorter rinsing time, the absence of alcohol, the inclusion of CPC, or perhaps even a 

combination of these factors which are responsible for the better appreciation of the taste. 

Nevertheless, the new CHX formulation could have a positive effect on user’s attitude toward 

compliance. 

 Within the limitations of this 72 hours non-brushing study design, it can be concluded 

that rinsing with CHX  CPC (Perio-Aid®) is not significantly different from rinsing with CHX  

Alc (Corsodyl®). It appears that the subjects appreciated the taste of the CHX  CPC better. 

However, the after-taste of this rinse remained longer in the mouth. 
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Introduction

The importance of oral hygiene in the prevention of caries and periodontal disease has been 

extensively demonstrated (Löe et al.1965, Axelsson et al.1991). The most reliable methods 

currently used for plaque control are mechanical cleaning using a toothbrush (for review 

see Hancock 1996) and a range of interproximal devices. In order to achieve efficiency by 

 mechanical methods only, individual motivation and high standards of skill are required, and 

in the interdental spaces, where the highest prevalence of marginal gingivitis occurs, efficient 

tooth brushing alone still has only a limited effect (Löe et al.1965, Gjermo & Flötra 1970). 

 Furthermore, meticulous dental cleaning is a time-consuming procedure.

   Chemotherapeutic agents have the potential to inhibit plaque growth, reduce gingivitis 

and improve oral health beyond tooth brushing alone (Addy & Moran 1997). As an effective 

antibacterial agent, chlorhexidine (CHX) still remains the gold standard, unsurpassed by other 

agents (Gjermo et al.1970, Addy 1986, Paraskevas 2005). The method of CHX application, 

however, seems to be important for its effect on the bacterial flora (Emilson & Fornell 1976, 

Bay 1978). Four methods of application with various CHX concentrations are available for the 

user: a fluid (0.2%, 0.12%), a gel (1% and 0.5%), a dentifrice (0.12%), a spray (0.12%). 

   A new design of toothbrush was developed for the present study. This brush contains 

a template within the brush head, which releases CHX when brought into contact with oral 

fluids (Fig 1). This delivery system may provide the benefits of reduced plaque and gingivitis 

beyond toothbrushing alone, while also diminishing the negative side effects of traditional 

CHX therapy, and additionally enhancing users’ oral hygiene. The purpose of this study was 

to test whether a manual toothbrush with a slow release system of CHX is safe and more 

effective in inhibiting plaque and gingival bleeding following 6 weeks of use.  A secondary 

objective was to assess the amount of stain on the teeth. 
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Materials and methods

Subjects

A total of one hundred and fifty (n=150) subjects, between 18 and 65 years of age, were 

 selected on the basis of good general health, and no medical or dental history or medi cation, 

which might interfere with the outcome or progress of the study. The participants were non-

dental students at the University of Amsterdam, The Netherlands. Subjects were eligible 

for the study if they had a minimum of 18 scorable natural teeth, excluding third molars or 

crowned teeth with porcelain or gold restorations. To be enrolled in the study, the subjects 

were required to have a minimum of 40% bleeding sites as determined by the Bleeding on 

Marginal Probing Index (BOMP, Van der Weijden et al.1994).

 Subjects were excluded if they had any physical limitations or restrictions, which might 

preclude normal toothbrushing skills. They were also excluded if they had used an oral CHX 

product or taken a systemic antibiotic or anti-inflammatory drug for three consecutive days 

within the previous 3 months. Subjects with removable prostheses or orthodontic appliances 

were not allowed to participate. 

  All eligible subjects were given oral and written information about the products and 

the purpose of the study. After screening for suitability, they were requested to give their 

written informed consent to qualify for enrolment. The study was approved by the Medical 

Ethic  Committee of the Amsterdam Medical Center (MEC 98/139). 

 

Description of study materials 

The toothbrushes for this clinical study had a straight handle and soft, round-ended bristles. 

The toothbrushes were produced at Oral-B Laboratories using the same trim filament pattern 

as the commercially available Oral B Advantage 40 Soft brush. However, the brush head was 

slightly larger and hollow to accommodate the template of freeze-dried CHX. Three tufts of 

bristles in the middle brush section were excluded to permit capillary movement of CHX along 

the tufts of the bristles thereby allowing a slow CHX release while brushing (Fig 1). Study 

materials were maintained under secure, dry, room temperature conditions until assigned to 

subjects.     
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The template toothbrush  (Fig 1A & Fig 1B)  

 Fig 1A

 Fig 1B

The total amount of CHX digluconate in each test toothbrush was approximately 124 mg. 

In vitro testing (data on file) showed that the average release per brushing was 1.3 mg. The 

maximum release per brushing (60 seconds) was 5.04 mg CHX, which occurred after the 2nd 

brushing. The release profile dropped below the average after 23 brushings and fell after 40 

brushings to 0.19 mg. After 42 brushings, 45.3% of the CHX digluconate had been released 

from the template.  
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Procedure

This study was 3-cell longitudinal, examiner-blind, randomized, controlled, parallel designed 

study of 6 weeks duration. Randomization was performed using a computer generated list 

of random numbers. Study products were coded and distributed to the subjects in a loca-

tion away from the examiners to ensure and maintain blinding. The examiners were blind 

to treatment randomization and records of earlier examinations were not available at time 

of re-examinations. The study coordinator was responsible for allocation concealment. One 

 examiner assessed all plaque scores (Silness & Löe 1964, Danser et al. 2003) and performed 

all stain evaluations on the buccal surfaces of all scorable teeth using the Gründemann Modi-

fied Stain Index (GMSI, Gründemann et al. 2000). Another examiner assessed all bleeding 

scores using the Bleeding on Marginal Probing Index (BOMP, Saxton & Van der Ouderaa 1989, 

Van der Weijden et al. 1994) and all safety evaluations. Both examiners (M. Piscaer & Y. IJzer-

man) were well-trained and had been involved in previous studies. 

Baseline 

At baseline subjects received a supragingival prophylaxis to render them plaque and stain 

free. They were randomly assigned to one of the three following treatment groups:

• Template Test Brush (Ttb): the manual experimental toothbrush with a template slow-

releasing delivery system of 124 mg CHX digluconate (see Fig. 1).

• Template Control Brush (Ctb): the same toothbrush as the template test brush (Ttb), 

without CHX digluconate, which was the negative control (see Fig 1) 

• Template Control Brush + CHX rinse (Ctb+R): the template toothbrush without CHX 

 digluconate plus twice daily rinsing with a commercially available 0.2% CHX digluconate 

mouthrinse, which was the positive control (Corsodyl® GlaxoSmithKline, Zeist, the Nether-

lands).

 All subjects were provided with written instructions for their assigned products. Subjects 

in the Ttb and the Ctb group were instructed to brush twice daily without dentifrice during one 

minute (in the morning and the evening), using only their assigned products. Subjects in the 

Ctb+R group were instructed to brush twice daily without dentifrice, and to rinse afterwards for 

60 seconds with 10 ml of 0.2% CHX digluconate mouthrinse (Corsodyl)®. To monitor compliance, 
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subjects were given a brushing diary and instructed to record each day the time of their tooth-

brushing and/or toothbrushing plus rinsing. In addition, all mouthrinse bottles were weighed 

before distribution. Throughout the duration of the study, subjects were asked to refrain from 

rinsing, eating or drinking for 30 minutes after using their assigned product. They were asked 

to refrain from all forms of oral hygiene for 12 to 18 hours prior to their baseline, interim 

(3 weeks) and final (6 weeks) visits and to bring their randomly assigned (test) toothbrush, 

mouthrinse (if applicable) and diary.

Interim examination

 At study week 3, each subject was scheduled for an interim examination. During this visit, 

subjects were asked about changes in their medical and dental histories, and concomitant 

medications, and adverse events were reviewed. Assessments of oral tissues, plaque, and 

bleeding on marginal probing were performed. In addition, staining was assessed. Used 

toothbrushes were collected and replaced by fresh brushes. Returned mouthrinse bottles 

and fresh mouthrinse bottles (before distribution) were weighed. All brushing diaries were 

evaluated for compliance and returned to subjects. The subjects were reminded to refrain 

from using assigned products for 12 to 18 hours prior to their final examination and to bring 

with them their randomly assigned (test) toothbrush, mouthrinse (if applicable) and brushing 

diary.
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Final examination

The outline of this last visit was identical to the interim examination. Upon completion subjects 

returned the assigned products and ended the study. 

Data analysis

Using variability estimates from a previous study (Van der Weijden et al.1994) power curves 

were examined to indicate the number of subjects needed to detect statistically significant 

treatment differences in the BOMP index. Based on these data, assuming a constant varia-

bility of   0.775 and  = 0.05, a sample size of 45 subjects per treatment group was needed 

to ensure an 80% (power = 1- ß) or greater chance of detecting differences of ≤0.11 whole 

mouth BOMP units. 

 Full-mouth mean plaque (MSLPI), bleeding (BOMP) and stain (GMSI) scores were calcu-

lated. Plaque and bleeding scores were considered as the primary efficacy variables and stain 

(GMSI) as a secondary variable. p-values ≤ 0.05 were considered as statistically significant. 

Within each treatment group, a Wilcoxon test was used to compare means of each of the three 

scores at the interim and final time points in order to assess treatment effects across time. 

Kruskal–Wallis, with post-testing corrected for multiple comparisons, was used to analyze 

the differences in plaque, bleeding and staining between the three regimens.   

 Oral tissue data were summarized by tabulating the frequency and percentage of 

 abnormal observations. Oral tissue observations within a treatment group were examined to 

assess the safety of treatments across time using McNemar’s test. Differences between treat-

ments were determined by comparing the distributions of abnormal findings in each treat-

ment group utilizing the chi-square test for homogeneity.

 Results

A total of 150 subjects meeting the inclusion criteria were recruited and enrolled into the 

study. After having signed the informed consent they were randomly divided to 3 groups of 

50 subjects each. At the baseline assessment 10 subjects disqualified for personal reasons, 

such as vacation, or for medical reasons, such as the use of antibiotics or CHX. No data were 

obtained for these subjects and they were therefore not included in the data analysis. 140 

subjects completed the study and were included in the “Intention to treat analysis” (Fig.2). 
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Fig 2. Flowchart subject enrolment

No adverse events were reported. Demographic data for the 3 treatment groups (n=140) are 

shown in Table 1. Treatment group Ttb had a population size of 46 subjects, while treatment 

groups Ctb and Ctb+R had 47 subjects. There was no statistically significant difference in 

mean age detected among the groups (23, 22 and 21 years, respectively). At baseline no 

 significant differences were detected among the treatment groups with respect to mean 

whole mouth plaque and gingival bleeding levels.  
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Table 1. Demographics

 (n = 140)

Ttb group Ctb group Ctb + R group

Total number 46 47 47

% Female 63 74 79

% Male 37 26 21

Mean age 23 22 21

Ttb Template Test Brush. 

Ctb Template Control Brush;  Ctb + R Template Control Brush + CHX rinse.

Plaque 

The mean plaque score data are presented in Table 2. At both follow-up assessments (interim 

and final), the mean, whole-mouth plaque scores of the three groups were significantly lower 

than the baseline scores. Comparisons of plaque scores among treatment groups showed a 

statistically significant (p <0.0001) difference. The CHX-Rinse group (Ctb+R) had lower plaque 

scores than the 2 other groups. There was no significant difference between the plaque scores 

of treatment groups Ttb and Ctb (see table 5). 

Table 2. Mean overall plaque socres for each regimen; standard deviation in parenthesis  

 (n = 140)

Ttb group

(n = 46)

Ctb group

(n = 47)

Ctb + R group

(n = 47)

p-value

Baseline† 1.29 (0.30)* 1.26 (0.22)* 1.16 (0.37)*

Interim 0.96 (0.35)* 0.90 (0.27) NS 0.21 (0.17) NS ≤0.0001**

Final 1.09 (0.36) 0.99 (0.32) 0.26 (0.29) ≤0.0001**

† At baseline all subjects were given a professional prophylaxis and were rendered free 

of plaque.

* Significant change from “baseline to interim” or from “interim to final” (p ≤ 0.05,  Wilcoxon).

** Significant difference among groups (Kruskal-Wallis H-test).

NS Not significant.

Ttb Template Test Brush. 

Ctb Template Control Brush;  Ctb + R Template Control Brush + CHX rinse.
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Bleeding 

The mean bleeding score data are presented in Table 3. At the final examination, all treatment 

groups demonstrated significantly less whole-mouth bleeding as compared to the baseline 

scores. At both follow-up assessments (interim and final), comparison of bleeding reduction 

scores among treatment groups showed statistically significant (p <0.0001) differences. The 

CHX-Rinse group (Ctb+R) had lower bleeding scores than the 2 other groups. There was no 

significant difference detected between the bleeding scores of treatment Ttb and Ctb group 

(see table 5). 

Table 3. Mean overall bleeding socres for each regimen; standard deviation in parenthesis 

 (n = 140)

Ttb group

(n = 46)

Ctb group

(n = 47)

Ctb + R group

(n = 47)

p-value

Baseline† 1.26 (0.26) NS 1.22 (0.25)** 1.21 (0.24)*

Interim 1.19 (0.30)* 1.12 (0.24)* 1.03 (0.27)* 0.0177**

Final 1.03 (0.34) 0.95 (0.31) 0.74 (0.31) 0.0001**

† At the start of the study all subjects were given a professional prophylaxis and were 

rendered free of plaque.

* Significant change from “baseline to interim” or from “interim to final” (p ≤0.05, Wil-

coxon).

** Significant difference among groups (Kruskal-Wallis H-test).

NS Not significant.

Ttb Template Test Brush. 

Ctb Template Control Brush;  Ctb + R, Template Control Brush + CHX rinse.

Stain 

The GMSI was used to evaluate whole-mouth buccal stain and is presented in Table 4. All 

subjects were rendered free of stain at baseline so no scores are provided. 

 There was a significant increase in staining in the course of the study for the three 

groups. At both  follow-up assessments (interim and final), comparison of stain scores among 

treatment groups showed a statistically significant difference (see Table 4). The mean stain 

scores for treatment Ctb+R were statistically greater (p=0.0001) than for treatment Ttb and 

Ctb. There were no differences in stain scores between treatment Ttb and Ctb (see table 5). 
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Table 4. Mean overall stain socres for each regimen; standard deviation in parenthesis 

Ttb group

(n = 46)

Ctb group

(n = 47)

Ctb + R group

(n = 47)

 p-value

Interim 0.16 (0.19)* 0.22 (0.21)* 0.57 (0.39) 0.0001**

Final 1.03 (0.34) 0.95 (0.31) 0.74 (0.31) 0.0001**

At baseline all subjects were given a professional prophylaxis and were rendered free of stain     

(n = 140).

* Significant change from “interim to final” (p ≤0.05, Wilcoxon).

** Significant difference among groups (Kruskal-Wallis H-test).

NS Not significant.

Ttb Template Test Brush. 

Ctb Template Control Brush;  Ctb + R, Template Control Brush + CHX rinse.

Table 5. Statistical comparison between groups

 (n = 140, Intention to treat analysis) 

Regimen Plaque Bleeding Stain

interim final interim final interim final

Ttb versus Ctb NS NS NS NS NS NS

Ttb versus Ctb + R* * * * * * *

Ctb versus Ctb + R * * NS * * *

*p-value ≤0.05.

Results of post-testing for plaque, gingivitis and stain using a Kruskal-Wallis H-test with 

post-testing corrected for multiple comparisons.

NS Not significant.

Ttb Template Test Brush. 

Ctb Template Control Brush;  Ctb + R, Template Control Brush + CHX rinse.

Oral Tissues  

No differences were detected in the proportion of oral tissue abnormalities among the groups, 

with the exception of the tongue. Changes noted were the presence of stain or discoloration 

on the tongue. Treatment Ctb+R yielded a statistically significantly (p=0.0001) greater pro-

portion of abnormal observations than treatments Ttb and Ctb.
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Discussion 

The present study evaluated whether the effect of toothbrushing could be enhanced by the 

use of CHX. The CHX digluconate was slowly released from the head of a newly-designed 

experimental toothbrush when brought into contact with oral fluids. The Ttb (template test 

brush) and the Ctb (template control brush) were modified Oral B Advantage toothbrushes. CHX 

mouthrinse was used as a positive control in combination with the Ctb. A positive control com-

pares and positions the efficacy of a test product and is frequently used in oral  hygiene study 

protocols (Addy 1986, Addy 1995). Within the limitations of the present study, no  beneficial 

effect could be demonstrated for this prototype product.

 The outcome of the present study is not in agreement with earlier clinical studies, which 

have attempted to improve the effects of toothbrushing with the use of different CHX agents. 

Some have employed a CHX gel for toothbrushing, while others have dipped the brushes in a 

CHX solution. Bassiouny & Grant (1975) used a 1% CHX gel for toothbrushing twice daily for 

six weeks, which resulted in a statistically significant drop in plaque and gingivitis scores, 

as compared to the use of placebo gel. Bay (1978) showed that twice daily brushing with a 

toothbrush which had been immersed in a CHX solution, prevented plaque formation and 

the development of gingivitis, even with low CHX concentrations (0.15%, 0.10% and 0.05%). 

Flötra (1973) and Usher (1975) have reported that 1% CHX gel, when used by mentally and 

physically disabled people with a very low standard of mechanical cleaning, had a therapeutic 

effect on gingival conditions. Epstein et al. (1994) and Ransier et al. (1995) concluded that a 

foam brush, which is usually ineffective in controlling plaque levels and gingivitis (Addems 

et al. 1992), could improve the gingival conditions as effectively as a toothbrush when the 

foam brush is soaked in 0.2% CHX. In other studies, however, CHX active gel did not markedly 

influence plaque formation and gingival conditions (Emilson & Fornell 1976, Saxen et al. 1976, 

Hansen et al. 1975, Bain & Strahan 1978). 

 Contradictions in existing literature may have their origins in several factors, such as the 

presence of a baseline prophylaxis, the level of plaque control, the concentration of CHX and 

the brushing frequency. In those studies where initial prophylaxis sessions and extensive 

instructions in oral hygiene were carried out, a positive effect of toothbrushing with CHX was 

noted (Bassiouny & Grant 1975, Bay 1978, Epstein et al.1994, Ransier et al.1995). However, if 

the participants were not free of plaque initially and no attempts were made to remove sub-

gingival plaque or calculus intermittently, the adjunctive effect of CHX appeared to be minimal 

(Hansen et al. 1975, Emilson & Fornell 1976). In the present study, therefore, at baseline, 
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prophylaxis and professional oral hygiene instructions were provided in order to obtain the 

optimal benefit from the active CHX agent. In this respect it is surprising that no beneficial 

chemotherapeutic effect on the gingival conditions was found. The most likely  explanation 

seems the dose release profile of the active agent from the brush head. In  comparison,  rinsing 

for 60 seconds with 10 ml of a 0.2% CHX-digluconate solution provides a dose of 20 mg which 

is able to inhibit plaque regrowth and to prevent inflammation of the gums (Löe & Schiött 

1970). Concentrations of 0.12% CHX appear as effective as 0.2% if the volume of the rinse 

was increased from 10 to 15 ml, giving an 18 mg dose on each occasion (Keijser et al. 2003). 

 Following Bassiouny & Grant (1975), even a lowered dose of 5 mg CHX in a 1% gel was found 

to be effective. Stoeken et al. (2007) described that 3.2 mg of a 0.12% CHX spray has a plaque 

reducing effect. In the present study, the maximum dose of CHX per brushing was 5.04 mg 

 (after 2nd brushing). With an average release per brushing of 1.3 mg the test brush did not 

provide any beneficial effect in addition to mechanical plaque removal. Based on these 

 findings,  future developments could focus on an elevated amount of CHX per brushing and a 

more regular release pattern over time. 

 Although no benefit could be shown for the use of the CHX template toothbrush, the 

positive control group, which combined one minute toothbrushing without dentifrice and 

rinsing for 60 seconds twice daily with 10 ml of 0.2% CHX (20 mg dose), confirms the results 

of earlier studies (Löe & Schiött 1970, Gjermo et al. 1970, Bay 1978) and remains an effective 

treatment for the control of plaque and gingivitis. Thus a CHX rinse in combination with tooth-

brushing can provide an adequate therapeutic effect where additional efficacy is needed to 

control plaque and gingivitis. It has been suggested in the past that toothbrushing with an 

SLS-containing dentifrice may inhibit the effect of CHX (Barkvoll et al. 1989, Owens et al. 

1997). Recent studies, however, have clearly shown that ordinary toothbrushing with an SLS-

containing dentifrice before or after the use of CHX, does not reduce the anti-plaque efficacy 

of the rinse (Van Strydonck et al. 2004 a,b, Van Strydonck et al. 2006). 

 In the present study, there was statistically more dental staining in the three groups 

compared to baseline. For the groups using CHX, Ttb and Ctb+R, this is in agreement with 

the results of earlier studies (Flötra et al. 1971, Addy et al. 1991, Gründemann et al. 2000). 

However, since only the Ttb group used a toothbrush which released CHX, the small differ-

ence in staining between the Ttb group and the Ctb group (without CHX-release) was rather 

unexpected. The higher staining score in the Ctb group may be explained by the fact that no 

dentifrice was used. Although dentifrice does not primarily result ‘instant’ mechanical plaque 
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removal (Paraskevas et al. 2006), brushing with dentifrice is traditionally recommended for 

the prevention of staining (Lobene 1968, Forward 1991).

 Within the limitations of the present study, no beneficial effect could be demonstrated 

for the prototype CHX releasing toothbrush. Whilst studies continue to search for the most 

 convenient and clinically effective way of delivering additional chemical plaque control, 

the use of a 0.2% CHX mouthrinse (in combination with toothbrushing) remains the gold 

 standard.   
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Introduction  

Although many products have been used to control plaque and gingivitis, chlorhexidine (CHX) 

is one of the most widely used and thoroughly investigated antiseptics. Years of documented 

research have established that CHX digluconate is safe, stable and effective in preventing 

and controlling plaque formation, breaking up existing plaque, and inhibiting and reducing 

the development of gingivitis (Lang & Brecx 2006, Gunsolley 2010). In the absence of normal 

tooth cleaning, rinsing for 60 seconds twice daily with 10 ml of a 0.2% CHX solution (= 20 mg 

dose) may inhibit plaque regrowth by approximately 60% and reduce the severity of gingivitis 

by 50-80% (Löe & Schiött 1970). The binding properties of the CHX molecule result in a broad 

bactericidal and bacteriostatic spectrum of action (Denton 1991) and a high substantivity of up to 

12 hours within the oral cavity (Tomás et al. 2010). Because CHX binds strongly to tissues, it is 

poorly absorbed from the gastrointestinal tract and therefore lacks systemic toxicity (Foulkes 

1973). No detectable blood levels and no tetragenic alterations have been determined follow-

ing long-term oral use of CHX (Wu & Savitt 2002). CHX does not produce bacterial resistance 

nor a supra infection following long-term usage (Schiött et al. 1976). The most common side 

effect noted by patients who have used CHX rinses over a long period is an extrinsic brown 

staining of the teeth and tongue (Flötra et al. 1971, Watts & Addy 2001).

 To demonstrate the efficacy of the different CHX mouthrinse formulations in the inhibi-

tion of plaque, gingivitis and stain formation, multiple comparative clinical studies have been 

performed. A systematic evaluation with a focus on the effectiveness of CHX mouthrinse has 

however not yet been performed. Since health care providers are overwhelmed by unmanage-

able amounts of information, there is a need for systematic reviews to efficiently integrate 

existing information and provide data for clinical decision making (Mulrow 1994).

 The aim of the present study was to evaluate, in a systematic manner following a compre-

hensive search, the body of evidence concerning efficacy of a CHX mouthrinse against plaque 

growth, gingival inflammation and its potential to cause tooth staining in gingivitis patients. 

It is hypothesized that when used alone or as an adjunct to regular oral hygiene it provides a 

significant benefit for the patient with respect to plaque and gingival inflammation.
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Materials & methods 

Focused question (PICOS)

Does chlorhexidine mouthrinse as a mono-therapy or as an adjunct to mechanical oral hygiene, 

in randomized controlled clinical trails, have an effect on plaque and parameters of gingival 

inflammation as compared to a placebo rinse, a control rinse or regular oral hygiene when 

used by healthy adults with gingivitis over a minimum of 4 weeks? As a secundary outcome 

measure the potential of tooth staining was assessed as an adverse effect.

 This systematic review was conducted in accordance with the PRISMA-statement, the 

guidelines of Transparent Reporting of Systematic Reviews and Meta-analyses (Moher et al. 

2009).

Search strategy 

Three electronic databases were used to search for appropriate papers that satisfied the 

study purpose: the National Library of Medicine, Washington, D.C. (MEDLINE-PubMed), 

EMBASE (Excerpta Medical Database by Elsevier) and the Cochrane Central Register of Con-

trolled Trials. All databases were searched up to April 2011. The search was designed to in-

clude any published study that evaluated the effect of chlorhexidine mouthrinse in gingivitis 

patients. To achieve this goal, a wide and comprehensive search was performed. All possible 

oral chlorhexidine products were included, which ensured the inclusion of papers that used 

chlorhexidine mouthrinse as an alternative to other treatment modalities. For specific search 

terms and search strategy see Box .

Eligibility criteria

• Randomised controlled clinical trials (RCT’s) 

• Studies conducted in humans who were in good general health and ≥ 18 years 

• Gingivitis patients

• Excluded: periodontitis, prosthohodontic, orthodontic and implant patients 

• Intervention: chlorhexidine mouthrinse, used alone (as a monotherapy) or as an adjunct

• Comparison: placebo rinse, control rinse or regular oral hygiene 

• Minimum duration of ≥ 4 weeks 

• Outcome parameters of interest: mean scores of plaque, gingivitis, bleeding and staining
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Screening and selection

The papers were screened independently by two reviewers (DVS & GAW), first by the title and 

the abstract using a “safety net approach”. Only papers written in English were accepted. 

Case reports, letters, and narrative/historical reviews were not included in the search. If the 

search keywords were present in the title and/or the abstract the paper was selected for full-

text reading. Papers without abstracts but with titles suggesting that they were related to the 

objectives of this review were also selected to screen the full text for eligibility. After selec-

tion, full-text papers were read in detail by two reviewers (DVS & DES). Those papers that 

fulfilled all of the selection criteria were processed for data extraction. Two reviewers (DVS & 

DES) hand-searched the reference lists of all selected studies for additional relevant articles. 

Disagreements between the 2 reviewers were resolved by discussion. If a disagreement per-

sisted, the judgment of a third reviewer (GAW) was considered decisive.

Assessment of heterogeneity

Factors used to evaluate the heterogeneity of the outcomes of the different studies were as 

follows: 

• Study design, duration and subjects 

• Intervention, comparison, rinsing regimen (brand) and dentifrice use

• Oral prophylaxis, supervision, compliance, smoking habits 

• Industry funding 

Quality assessment

The assessment of the methodological study quality was performed as proposed by the RCT 

checklist of the Dutch Cochrane Centre (2008) and further extended with quality criteria as 

obtained from the CONSORT statement (Schulz et al. 2010), the Delphi List (Verhagen et al. 

1998), the Jadad scale (1996) and according to the papers of Moher et al. (2001) and Needle-

man (2002). Importantly, studies that qualified for the review on the basis of the inclusion 

criteria were not excluded because of their quality assessment classifications. 

Data extraction

From the collection of papers that met the inclusion criteria, data were extracted with respect 

to the effectiveness of self-performed mouthrinsing with chlorhexidine as a monotherapy or 

as an adjunct to oral hygiene. Mean values and standard deviations (SD) were extracted from 
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the data (DVS & DES). Some of the studies provided standard errors (SE) of the mean. Where 

possible, the authors calculated standard deviations based on the sample size (SE=SD/√N). 

When intermediate assessments were performed, the longest evaluation period was con-

sidered. Incomplete summary data were not a reason to exclude a study from the review. 

 Methods outlined by Higgens & Green (2009) were used for imputing missing standard devia-

tions. For those articles that provided insufficient data to be included in the meta-analysis the 

first or corresponding authors were contacted whether they could provide additional data. To 

warrant a precise estimate any data approximation in figures was avoided. In the analysis the 

assumption was made that summary data were missing at random so that only the available 

data were included.

Data analysis 

Primary parameters were plaque and parameters of gingival inflammation. Stain was 

 assessed as a secondary parameter evaluating adverse effects. A descriptive manner of data 

presentation was used for all studies. When possible, a quantitative analysis of the data and 

subsequent meta-analysis (MA) were performed for baseline and end-of-trial  assessments. 

Weighted mean difference (WMD) values between test and control at both baseline and end 

were calculated using a “random or fixed effects” model where appropriate [Review Manager 

(RevMan) [Computer program]. Version 5.1. Copenhagen: The Nordic  Cochrane Centre, The 

Cochrane Collaboration, 2011]. Random-effects models were used to calculate a weighted 

average of the treatment effects across the studies under review. If there were fewer than 

four studies, fixed-effect analysis was used, as the estimate of between-study variance is 

poor for analyses with low numbers of studies (Higgens & Green 2009). Additionally meta-

analysis with special reference to those RCT’s  that had a low estimated risk of bias were 

performed, as this is considered to represent the highest level of evidence (Harbour & Miller 

2001).

 Some of the studies had multiple treatment arms. If the data from the control group was 

used in more than one comparison, the number of subjects (n) in this group was divided by 

the number of comparisons. Heterogeneity was tested by Chi2 test and the I2 statistic. A Chi2 

test resulting in a p <0.1 was considered an indication of significant statistical heterogeneity. 

As a rough guide for assessing the possible magnitude of inconsistency across studies I2 

statistic of 0-40% were interpreted not to be important and above 40% moderate to consid-

erable heterogeneity may be present.
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 If the meta-analysis contained sufficient trials to make visual inspection of the plot 

meaningful (5 trials minimum) funnel plots were used as a tool for assessment of publication 

bias (Sterne et al. 2005). In relation to this meta-analysis the presence of asymmetry in the 

inverted funnel would suggest a systematic difference between large and small trials in their 

estimates of treatment effect, as may occur for example because of publication bias.

Results 

Search and selection results 

The PubMed-MEDLINE, EMBASE, and Cochrane-CENTRAL searches resulted in 1679 unique 

papers (Fig. 1). Screening of the titles and abstracts initially resulted in 63 full-text articles. 

The 2 reviewers used a ‘safety net‘ approach, therefore the number of articles that were scru-

tinized in full text was relatively large. After full-text reading, 37 papers were excluded. The 

reasons for exclusion are explained in Figure 1. Additional hand-searching of the reference 

lists of selected studies resulted in 3 additional papers (# 26, 29, 30). Ultimately, 30 papers 

were processed for data extraction. Personal contacts with the authors resulted in additional 

data for the experiments from article  #3, #7 and #9.

 

Study heterogeneity

Detailed information regarding the study characteristics and the authors’ conclusions of the 

selected papers in question are presented in Table 1. In general, a considerable heterogeneity 

in the design, duration (evaluation period) and rinsing regimen was present. The number, 

gender and age of the subjects and the use of dentifrice also varied among the studies.  

Quality assessment 

The authors’ estimated risk of bias is presented in Table 2 showing that the potential risk 

of bias was low in nine of the 30 studies, moderate for 10 studies and high for 11 studies. If 

“allocation concealment” was added as a criterion in this assessment (as proposed in the 

Cochrane Handbook by the Higgens & Green 2009) only five studies (#1,2,4,11,12,15) would 

retain their estimated potential risk of bias whereas all others would be down-graded. As 

component to quality, the statistical analytical method used in each paper was assessed. All 

but one paper that described the analysis did perform appropriate statistical tests. In this 

one study (#15) a parallel design was combined with a ‘paired’ analysis, which is not suitable.
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Descriptive analysis

A descriptive summary of the statistical analysis between the intervention and comparison 

groups is presented in Table 2. This shows that most of the selected studies used a control 

group that performed oral hygiene procedures in conjunction with a placebo/control rinse 

(n=26).

 Compared to regular oral hygiene, a placebo or a control rinse, 24 of the 29 studies 

 demonstrated a significant reduction in the plaque score in favour of a CHX rinse, regardless of 

the concentration of CHX and the duration of rinsing. Three studies observed no difference in 

plaque scores after rinsing with 0.12% CHX compared to rinsing with a placebo (# 3, 13, 22).  

 Based on the gingival index scores, 20 of the 25 experiments in 20 studies showed a 

significant reduction in gingivitis in favour of a CHX rinse as compared to oral hygiene, a 

placebo or a control rinse, regardless of the concentration of CHX and the duration of rinsing. 

One study observed a significant difference in gingivitis scores between test and control, but 

only when a baseline oral prophylaxis was performed (# 23). The results of another study that 

evaluated different concentrations of CHX were inconsistent (#9). 

 Based on the bleeding scores, 16 out of the 25 experiments in 22 studies showed that 

bleeding was significantly reduced with the use of a CHX rinse in comparison to a control or 

placebo. Seven studies observed no difference in bleeding after rinsing with CHX as com-

pared to rinsing with a placebo (# 1, 4, 6, 10, 15, 23, 24). 

 Particularly looking at the nine included studies that had a low estimated risk of bias, 

eight out of these nine studies showed a positive effect for CHX in terms of lower plaque 

scores while six studies evaluated the gingival index scores of which all showed a positive 

effect. In total eight studies assessed bleeding scores of which six demonstrated a positive 

effect with respect to reduced bleeding tendency.

20 of the 30 selected studies analysed the changes in staining between groups. In one study, 

no significant difference was observed between the CHX group and the control (# 13). All 

other experiments showed significantly more staining in the CHX group compared to oral 

 hygiene alone, a control or a placebo rinse, regardless of the concentrations. The results of 

two studies that evaluated staining were unclear (# 22, 28).

Meta-analysis 

It was possible to perform a meta-analysis (MA) of 13 studies to compare the effects of a 

CHX mouthrinse as an adjunct to oral hygiene on plaque, gingivitis, bleeding and staining, 
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as compared to a placebo rinse, a control rinse or regular oral hygiene (Table 2). Most of 

these papers only provided data for baseline and end-of-trial assessments. The majority of 

the studies could not be included in the MA because they used different indices or lacked 

mean baseline/end data. Data from study # 28 were used twice for separate results of 0.1% 

CHX and 0.2% CHX mouthrinses. 

 Table 3 shows a summary of the MA outcome for these 13 studies. For all variables, 

baseline WMDs between tests and controls were not statistically different. The MA of the 

end plaque scores showed for the Silness & Löe Plaque Index (1964) a significant weighted 

mean difference (WMD) of -0.39, [95%CI: -0.70;-0.08], p <0.00001, I2 -value = 91% (five 

experiments out of four studies) and for the Quigley & Hein Plaque Index (1962) a WMD= 

-0.67, [95%CI: -0.82;-0.52], p <0.00001, I2 -value = 84% (10 experiments out of eight stud-

ies) in favour of the CHX rinse. With respect to the end scores of gingivitis, the Gingival 

Index (Löe 1967, Löe & Silness 1963) demonstrated a WMD of -0.32 ([95%CI: -0.42;-0.23], 

p <0.00001 | I2 -value = 65%) between CHX and the control (nine experiments out of seven 

studies). When analysing the bleeding aspect of the GI (Löe 1967) a significant WMD of -0.08, 

[95%CI: -0.10;-0.05], p <0.00001, I2 -value = 78%) was found in favour of the CHX rinse (10 

 experiments out of eight studies. Using the Papillary BIeeding Index of Saxer (1975), the WMD 

according to two studies was -0.21 ([95%CI: -0.37;-0.04], p =0.01, I2 -value = 0%). For bleeding 

on marginal probing (BOMP) the WMD was -0.16 ([95%CI: -0.26;-0.07], p <0.0008 | I2 -value = 

18%, based on 2 studies). As a secundary parameter the MA of the end stain scores showed 

five experiments out of four studies, a significant WMD for the Lobene Stain Index (1968) 

of -0.91, [95%CI: 0.12;1.70], p <0.00001, I2 -value = 99%). The MA for end scores of plaque, 

 gingival index and staining showed moderate to considerable inconsistency, whereas the 

data concerning the Papillary BIeeding Index and Bleeding on Marginal Probing appear to be 

consistent (Chi2 = 0.77; I2 -value = 0% and Chi2 = 0.27; I2 -value = 18%, respectively).

 In Table 4, the results are presented for the MA of studies with low potential risk of bias. 

The analysis could be performed for five studies that employed the plaque index of Quigley & 

Hein (1962) and for three studies that employed the GI of Löe & Siness (1963). The MA results 

showed no baseline differences in plaque scores, whereas after treatment a significant WMD 

of -0.68, [95%CI: -0.85;-0.51], p <0.00001, I2 -value = 60%) in favour of the CHX rinse was 

found (four studies). For the GI, the MA showed after treatment a significant WMD of -0.24, 

[95%CI: -0.29;-0.20], p <0.00001, I2 -value = 87%) in favour of the CHX rinse (three studies).  

The plaque and gingival index scores showed moderate to considerable inconsistency.



114 The effect of a chlorhexidine mouthrinse on plaque, gingival inflammation… 

1

2

3

4

5

6

7

8

9

  Comparison of the WMDs of the low estimated risk of bias studies (see Table 4-fixed 

effects) relative to the end trial score of the control, the percentage reduction was 33% for 

plaque (Quigley & Hein 1962) and 26% for gingivitis (Löe & Silness 1963). The subgroups 

analysis based on CHX concentrations showed significant differences for the Silness & Löe 

plaque index and the Stain index which could not be explained by the concentration gradient. 

The Funnel plot analysis revealed that scatter of treatments effects is normally distributed 

with the Quigley & Hein plaque index. The scatter was more towards the left with the Löe & 

Silness gingival index, which can be considered as an indication of a publication or other bias 

in meta-analysis (Sterne et al. 2005).

Side effects

The included studies also reported on observed side effects. Staining was the most common 

observation as described in 19 articles. Also increased calculus formation (6 articles) and 

change of taste sensation (7 articles) were frequently observed. Other less frequent com-

plaints were a burning sensation, hypersensitivity, mucosal lesions, anesthetized sensation. 

Discussion 

Summary of evidence

The results of this review show that a CHX mouthrinse is effective in controlling plaque, as 

established by the Plaque Index according to Silness & Löe (1964) and Quigley & Hein (1962). 

CHX is also effective in controlling gingivitis, as established by the Gingival Index (Löe & 

Silness 1963) and the Papillary Bleeding Index (Saxer 1975). The effect of CHX as an adjunct 

to oral hygiene procedures is rather consistent throughout the selected studies. In 23 out 

of 28 studies with data on plaque report a significant plaque reduction in favour of the CHX 

group, 19 out of 20 studies with GI data report a reduction of gingivitis in favour of the CHX 

group, and 15 out of 21 studies with bleeding scores demonstrate reduced bleeding scores 

in favour of the CHX group. The percentage reduction relative to the control group was 33% 

for plaque and 26% for gingivitis. These results imply that CHX rinsing does not result in a 

plaque-free condition as originally described by Löe & Schiøtt (1970). This discrepancy may 

be explained by their short experimental period (3 weeks) and by the subject selection (den-

tal students with healthy gingivae). For example, it has been recognised that in the presence 
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of gingival health, plaque develops less rapidly as compared to the presence of inflamed 

tissues (Ramberg 1996). Although CHX rinsing may not prevent all plaque and gingivitis for-

mation, the ADA, in the Council on Dental Therapeutics, state in their “Acceptance Guidelines 

for  Chemotherapeutic Products for Control of Gingivitis” (American Dental Association 2008) 

that in terms of efficacy, the estimated proportional reductions be no less than 15% in favour 

of the active treatment. Thus, it can be concluded that rinsing with CHX is effective in reducing 

plaque and gingivitis, although it does not completely eliminate plaque and resolve gingivitis.

 Today practitioners are under increasing pressure to make sound decisions based on 

scientific evidence. Partly as a consequence of this daunting challenge a growing number of 

organizations have developed ways to arrange our thinking about information and its  quality 

in recent years. These organisations have created evidence grading schemes to generate 

 dependable systematic reviews of evidence. These schemes or systems are continued efforts 

to reduce the biases that can enter reviews (Boruch & Rui 2008). The risk of bias assessment 

as performed in the present review included all relevant aspects and was a compilations of 

items as found in various checklists (see material & methods section).  Although the effects 

of publication bias and poor methodological quality may lead to substantial overestimation 

of the beneficial effects of medical interventions, these effects cannot be estimated precisely 

in an individual meta-analysis, which typically contains only a small number of trials (Sterne 

et al. 2000). Meta-analyses are then faced with a choice regarding whether one should take 

a ‘best available evidence’ approach by restricting attention to the trials at low risk of bias 

or an ‘all available evidence’ approach in which all trials are included (Welton et al. 2009). 

When the selected studies are included in a meta-analysis, it is assumed that these studies, 

which are selected based on predefined eligibility criteria, have enough in common that the 

combined information can be synthesised. However, there is generally no reason to assume 

that they are ‘identical’ in the sense that the true effect size is the same in all studies. The true 

effect may vary from study to study. For example, the effect size might be a little higher if the 

subjects are older, more educated, healthier or if the study employed a slightly more inten-

sive or longer variant of the intervention, or if the effect was measured with greater reliability 

(Borenstein et al. 2007). In the meta-analyses presented in Table 3 and 4, it is assumed that 

there is a distribution of effects that depend on the study characteristics, and the combined 

effect estimates the mean effect in this distribution. Apart from a beneficial effect also side 

effects were observed. Staining is specifically reported in Table 1d. The explanation for the 
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enhanced calculus formation has been provided by Addy & Moran (2008) who suggested that this 

side effect of CHX is due to the precipitation of salivary proteins on the tooth surface, pellicle 

thickness,  and/or the increased precipitation or inorganic salts on or in the pellicle layer.

CHX Concentration 

Sold as a prescription drug, 0.12% CHX mouthrinse on alcohol base (Peridex) is recognized 

by the American Dental Association (ADA) and approved by the FDA (Food and Drug Admin-

istration) as an effective agent in controlling plaque and gingivitis. In Europe, however, CHX 

is available in a variety of concentrations with 0.2% being most often used (Mandel 1994). 

Given the need to minimize well known side-effects of CHX, such as bitter taste and staining 

of teeth, tongue and restorations, a number of commercially prepared chlorhexidine mouth-

rinses are now available at concentrations of 0.12%, 0.1%, 0.06%, 0.05%, being lower than 

the more commonly used 0.2% in Europe. However, the data presented in the present review 

confirm a significant reduction in plaque and gingivitis scores in favour of a CHX mouthwash, 

regardless of the concentration used (Segreto et al. 1986). Whereas the concentration of CHX 

does not seem to be important, the dose appears to be of considerable relevance to the ef-

ficacy of mouthrinse formulations (Jenkins et al. 1994, Keijser et al. 2003). The optimum dose 

of CHX is generally considered to be approximately 20 mg twice daily (Cumming & Löe 1973, 

Jenkins et al. 1994), which balances efficacy against local side effects and user acceptability 

(Flötra et al 1971, Watts & Addy 2001). Concentrations of 0.12% CHX appear to be as effective 

as 0.2% if the volume of the rinse is increased from 10 to 15 ml, each of which provides a dose 

of 18 mg (Keijser et al. 2003, Van Strydonck et al. 2005). Although the plaque inhibition of 

low CHX concentrations is dose-dependent, and low-concentration rinses may be less effec-

tive, some studies have demonstrated efficacy of low-CHX rinses (0.06%) in reducing plaque 

(Joyston-Bechal & Hernaman 1993, Hoffman et al. 2001, Claydon et al. 2002, Zimmer et al. 

2006, Duss et al. 2010). The efficacy of low CHX concentrations on the reduction on gingival 

inflammation however remains unclear.

 Recently, a systematic review compared the effect of a 0.12% and a 0.2% CHX rinse 

on plaque and gingivitis. With respect to plaque inhibition, the results showed a small but 

 significant difference in favour of the 0.2% CHX concentration. However, the clinical relevance 

of this difference is probably negligible. The data concerning gingival inflammation were 

sparce. Based on the limited available scientific evidence no difference in reducing gingivitis 

between the two concentrations could be established (Berchier et al. 2010).
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Evaluation period 

According to the American Dental Association (ADA, 2008), the efficacy of a product to  control 

gingivitis must be demonstrated in 6-month clinical studies. However, in practice, CHX is 

mostly used on a short-term basis in cases for which conventional plaque control is difficult 

or impossible. Therefore, the efficacy of CHX over shorter periods is also of interest. Concerning 

“adjunctive” devices for controlling plaque and gingivitis, the ADA demands an evaluation 

period of at least 4 weeks (American Dental Association 1997). Consequently, in this review, 

to evaluate the antiplaque and antigingivitis efficacy of a CHX rinse as an adjunct to regular 

oral hygiene, studies with an evaluation period of at least 4 weeks were included. 

Limitations

This review has limitations. Most importantly it is restricted to gingivitis patients. Another 

limitation may be the restriction to the English language. One practical limitation is exam-

iner/patient blinding. Since the chlorhexidine experimental groups will reveal themselves by 

staining, examiner and patient blinding do not have much meaning. This is a particular limi-

tation that cannot be overcome.

Direction for Future Research.

One of the valuable aspects of systematic reviews is also the identification of gaps in research 

and the attemption to identify important areas where data are incomplete. This review com-

menced by posing the focused question on the effect of CHX on plaque, gingivitis, bleeding 

and staining compared to a placebo rinse, a control rinse or regular oral hygiene when used 

by healthy adults with gingivitis over a minimum of 4 weeks “whether the rinse was used as a 

mono-therapy or as an adjunct to mechanical oral hygiene”. However in all the included stud-

ies rinsing with CHX was always combined with regular oral hygiene procedures. Since in this 

systematic review of the literature no data were retrieved that provided any evidence for the 

beneficial effect of CHX used alone in studies with a sufficient evaluation period of at least 4 

weeks, this area may be a valuable challenge of further research. Furthermore as a side effect 

the use of CHX will result in tooth staining, which is an obstacle to the generalised use of this 

chemical agent in dental practice. Future research should focus on modifications of the CHX 

mouthrinse products that reduce this side effect without interfering with the anti-plaque and 

anti-gingivitis effects. 
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Conclusion

All included studies evaluated the use of chlorhexidine in the presence of mechanical oral 

hygiene.The extracted data presented in this systematic review provide strong evidence for 

the anti-plaque and anti-gingivitis effects of a CHX mouthrinse used as an adjunct to regular 

oral hygiene in gingivitis patients. As can be deduced from studies with a low estimated risk 

of bias, rinsing with CHX in addition to oral hygiene procedures results in approximately 33% 

less plaque and 26% less gingivitis as compared to controls. 

Acknowledgements

The authors would like to thank Ph. Demoor (DDS, Dental & Paro Clinic Brasschaat, Belgium) 

for his invaluable support in conducting this survey. They are also gratefull to the following 

authors for their response, time and effort to search for additional data: M. Addy, D. Beighton, 

M. Brecx, J. Caton, C. Charles, E. Chaves, E. Corbet, R. Emling, T. Flemmig, T. Hoffman, S. Joyston-

Bechal, E. Kidd, S. Kornman, G. McCombs, M. Sanz, E. Southern, S. Yankell, S. Zimmer. 



119…and staining in gingivitis patients: A systematic review

1

2

3

4

5

6

7

8

9

References 

( * =  studies selected for this review)

* Addy, M. & Hunter, L. (1987) The effects of a 

0.2% chlorhexidine gluconate mouthrinse on 

plaque, toothstaining and candida in aphthous 

ulcer patients. Journal of Clinical Periodontol-

ogy 14, 267-273.

Addy, M. & Moran, J. (2008) Chemical supragingi-

val plaque control. Chapter In: Lang, N.P., Lindhe, 

J. eds. Clinical Periodontology and Implant Den-

tistry. Wiley-Blackwell: Hoboken, NJ: pages 734-

765.

American Dental Association. Acceptance Pro-

gram Guidelines. Adjunctive Dental Therapies for 

the Reduction of Plaque and Gingivitis (Septem-

ber 1997). [WWW document]. URL http://www.

ada.org/sections/scienceAndresearch/pdfs/

guide_adjunctive.pdf [accessed 24 March 2012].

American Dental Association. Acceptance Pro-

gram Guidelines Chemotherapeutic Products 

for Control of Gingivitis (July 2008). [WWW 

document]. URL http://www.ada.org/sections/ 

scienceAndResearch/pdfs/guide_chemo_ging.

pdf [accessed 24 March 2012].

*  Axelsson, P. & Lindhe, J. (1987) Efficacy of 

mouthrinses in inhibiting dental plaque and gin-

givitis in man. Journal of Clinical Periodontology 

14, 205-212. 

*  Banting, D., Bosma, M. & Bollmer, B. (1989) 

Clinical Effectiveness of a 0.12% Chlorhexidine 

Mouthrinse Over Two Years. Journal of Dental Re-

search  68, 1716-1718.

Berchier, C. E., Slot, D. E. & Van der Weijden, G. A. 

(2010) The efficacy of 0.12% chlorhexidine mouth-

rinse compared with 0.2% on plaque accumula-

tion and periodontal parameters: a systematic 

review. Journal of Clinical Periodontology 37, 

829-839. 

Borenstein, M., Hedges, L. & Rothstein, H. (2007) 

Meta-analysis Fixed effect vs random effects. 

[WWW document]. URL http://www.sciencedown-

load.net/demodownload/Fixed%20effect%20

vs.%20random%20effects.pdf [accessed 24 

March 2012].

Boruch, R. & Rui, N. (2008) From randomized 

controlled trials to evidence grading schemes: 

current state of evidence-based practice in social 

sciences. Journal of Evidence-Based Medicine 1, 

41-49.





120 The effect of a chlorhexidine mouthrinse on plaque, gingival inflammation… 

1

2

3

4

5

6

7

8

9

*  Brecx, M., Macdonald, L. L., Legary, K., Cheang, 

M. & Forgay, M. G. (1993) Long-term Effects of Me-

ridol® and Clorhexidine Mouthrinses on Plaque, 

Gingivitis, Staining, and Bacterial Vitality. Journal 

of Dental Research 72, 1194-1197.

*  Brownstein, C. N., Briggs, S. D., Schweizer, K. L, 

Brinner, W. W. & Kornman, K. S. (1990) Irrigation 

with chlorhexidine to resolve naturally naturally 

occurring gingivitis. A methodologic study. Jour-

nal of Clinical Periodontology 17, 588-593.

*  Caton, J. G., Blieden, T. M. & Lowenguth, R. A. 

(1993) Comparison between mechanical cleaning 

and an antimicrobial rinse for the treatment and 

prevention of interdental gingivitis. Journal of 

Clinical Periodontology 20, 172-178.

*  Charles, C. H., Mostler, K. M., Bartels, L. L. & 

Makodi, S. M. (2004) Comparative antiplaque and 

antigingivitis effectiveness of a chlorhexidine and 

an essential oil mouthrinse: 6-month clinical trial. 

Journal of Clinical Periodontology 10, 878-884.

*  Chaves, E. S., Kornman, K. S., Manwell, M. A., 

Jonaes, A. A., Newhold, D. A. & Wood, R. C. (1994) 

Mechanism of Irrigation Effects on Gingivitis. Jour-

nal of Periodontology 65, 1016-1021.

Claydon, N., Smith, S., Stiller, S., Newcombe, R. G. 

& Addy, M. (2002) A comparison of the plaque-in-

hibitory properties of stannous fluoride and low-

concentration chlorhexidine mouthrinses. Journal 

of Clinical Periodontology 29, 1072-1077. 

Consort statement (2010) Consolidated Stan-

dards of Reporting Trials, [WWW document]. URL 

http://www.consort-statement.org/consort-

statement/overview0/  [accessed 24 March 2012].

*  Corbet, E. F., Tam, J. O., Zee, K. Y., Wong, M. C. M., 

Lo, E. C. M., Mombelli, A. W. & Lang, N. P. (1997) 

Therapeutic effects of supervised chlorhexidine 

mouthrinses on untreated gingivitis. Oral Dis-

eases 1, 9-18.

Cumming, B. R. & Löe, H. (1973) Optimal dosage 

and method of delivering chlorhexidine solutions 

for the inhibition of dental plaque. Journal of 

Perio dontal Research  8, 57-62.

Denton, G. W. (1991) Chlorhexidine. In: Disinfec-

tion, Sterilization and Preservation. 4th edition. 

Block, S. S., ed., pp. 274-289. Philadelphia: Lea 

and Febiger.

Duss, C., Lang, N. P., Cosyn, J. & Persson, R.G. 

(2010)  A randomized, controlled clinical trial on 

the clinical, microbiological, and staining effects 

of a novel 0.05% chlorhexidine/herbal extract and 

a 0.1% chlorhexidine mouthrinse adjunct to perio-

dontal surgery. Journal of Clinical Periodontol-

ogy 37, 988-997.  

Dutch Cochrane Centre (2008). Formulier II voor 

het beoordelen van een randomised controlled tri-

al (RCT). [WWW document]. http://dcc.cochrane.

org/sites/dcc.cochrane.org/files/uploads/RCT.

pdf [accessed 24 March 2012].



121…and staining in gingivitis patients: A systematic review

1

2

3

4

5

6

7

8

9

*  Eaton, K. A., Rimini, F. M., Zak, E., Brookman, D. 

J., Hopkins, L. M., Cannell, P. J., Yates, L. G., Mor-

rice, C. A., Lall, B. A. & Newman, H. N. (1997) The 

effects of a 0.12% chlorhexidine-digluconate-con-

taining mouthrinse versus a placebo on plaque 

and gingival inflammation over a 3-month period. 

Journal of Clinical Periodontology 24, 189-197.

*  Emling, R. C., Shi, X. & Yankell, S. L. (1992) 

Rembrandt Toothpaste Stain Prevention With and 

Without the Use of Peridex. Journal of Clinical 

Dentistry 3, 66-69.

*  Ernst, C. P., Canbek, K., Dillenburger, A. & Wil-

lershausen, B. (2005) Clinical study on the ef-

fectiveness and side effects of hexetidine and 

chlorhexidine mouthrinses versus a negative con-

trol. Quintessence International 36, 641-652.

Food and Drug administration (FDA) [WWW docu-

ment]. URL http://www.fda.gov [accessed 24 

March 2012].

*  Flemmig, T. F., Newman, M. G., Doherty, F. 

M., Grossman, E., Meckel, A. H. & Bakdash, M. 

B. (1990) Supragingival Irrigation with 0.06% 

chlorhexidine in Naturally Occurring Gingivitis I. 

6 Month Clinical Observations. Journal of Perio-

dontology  61, 112-117.

Flötra, L., Gjermo, P., Rölla, G. & Waerhaug, J. 

(1971) Side effects of chlorhexidine mouthwash-

es. Scandinavian Journal of Dental Research 79, 

119-125.

*  Flötra, L., Gjermo, P., Rolla, G. & Waerhaug, J. 

(1972) A 4-month study on the effect of chlorhexi-

dine mouth washes on 50 soldiers. Scandinavian 

Journal of Dental Research 80, 10-17.

Foulkes,  D. M. (1973) Some toxicological obser-

vations on chlorhexidine. Journal of Periodontal 

Research 12, 55-60. 

*  Grossman, E., Meckel, A. H., Isaacs, R. L., Fer-

retti, G. A., Sturzenberger, O. P., Bollmer, B. W., 

Moore, D. J., Jijana, R. C. & Manhart, M. D. (1989) A 

Clinical Comparison of Antibacterial Mouthrinses: 

Effects of Chlorhexidine, Phenolics, and Sanguin-

arine on Dental Plaque and Gingivitis. Journal of 

Periodontology 60, 435-440.

*  Grossman, E., Reiter, G., Sturzenberger, O. P., De 

la Rosa, M., Dickinson, T. D., Ferretti, G. A., Lud-

lam, G. E. & Meckel, A. H. (1986) Six-month study 

of the effects of a chlorhexidine mouthrinse on 

gingivitis in adults. Journal of Periodontal Re-

search Supplement, 33-43.

Gunsolley, J. C. (2010) Clincal efficacy of antimicro-

bial mouthrinses. Journal of Dentistry 38, 6-10.

Harbour R. & Miller J. (2001) A new system for 

grading recommendations in evidence based 

guidelines. British Medical Journal  323, 334-

346.





122 The effect of a chlorhexidine mouthrinse on plaque, gingival inflammation… 

1

2

3

4

5

6

7

8

9

*  Hase, J. C., Ainamo, J., Etemadzadeh, H. & Att-

ström, M. (1995) Plaque formation and gingivitis 

after mouthrinsing with 0.2% delmopinol hydro-

chloride, 0.2% chlorhexidine digluconate and pla-

cebo for 4 weeks, following an initial professional 

tooth cleaning. Journal of Clinical Periodontol-

ogy 22, 533-539.

*  Hase, J. C., Attström, R., Edwardsson, S., Kelty, E. 

& Kisch, J. (1998) 6-month use of 0.2% delmopinol 

hydrochloride in comparison with 0.2% chlorhexi-

dine digluconate and placebo. (I). Effect on plaque 

formation and gingivitis. Journal of Clinical Perio-

dontology 25, 746-753.

Higgins, J. P. T. & Green, S. (2009). CCHB Cochrane 

Handbook for systematic reviews of interventions 

(2009) [WWW document]. URL  http://cochrane-

handbook.org/ [accessed 24 March 2012].

*  Hoffmann, T., Bruhn, G., Richter, S., Netuschil, 

L. & Brecx, M. (2001) Clinical controlled study on 

plaque and gingivitis reduction under long-term 

use of low-dose chlorhexidine solutions in a pop-

ulation exhibiting good oral hygiene. Clinical of 

Oral Investingation 5, 89-95.

Jadad, A. R., Moore, R. A., Carroll, D., Jenkinson, 

C., Reynolds, D. J., Gavaghan, D. J. & McQuay, H. J. 

(1996) Assessing the quality of reports of random-

ized clinical trials: is blinding necessary? Control 

Clinical Trials 17, 1-12.

*Jenkins, S., Addy, M. & Newcombe, R. (1993) 

Evaluation of a mouthrinse containing chlorhexi-

dine and fluoride as an adjunct to oral hygiene. 

Journal of Clinical Periodontology 20, 20-25. 

Jenkins, S., Addy, M. & Newcombe, R. G. (1994) 

Dose response of chlorhexidine against plaque 

and comparison with triclosan. Journal of Clinical 

Periodontology 21, 250-255.

*  Joyston-Bechal, S. & Hernaman, N. (1993) The 

effect of a mouthrinse containing chlorhexidine 

and fluoride on plaque and gingival bleeding. 

Journal of Clinical Periodontology 20, 49-53.

Keijser, J. A., Verkade, H., Timmerman, M. F. & Van 

der Weijden, F. A. (2003) Comparison of 2 com-

mercially available chlorhexidine mouthrinses. 

Journal of Periodontology 74, 214-218.

* Lang, N. P. & Brecx, M. (2006) Chlorhexidine di-

gluconate - an agent for chemical plaque control 

and prevention of gingival inflammation. Journal 

of Periodontal Research 21, 74-89.

*  Lang, N. P., Hase, J. C., Grassi, M., Hämmerle, C. 

H., Weigel, C., Kelty, E. & Frutig, F. (1998) Plaque 

formation and gingivitis after supervised mouth-

rinsing with 0.2% delmopinol hydrochloride, 

0.2% chlorhexidine digluconate and placebo for 6 

months. Oral Diseases 4, 105-113.



123…and staining in gingivitis patients: A systematic review

1

2

3

4

5

6

7

8

9

Lobene, R. R. (1968) Effect of entifrices on tooth 

stains with controlled brushing. Journal of the 

American Dental Association 77, 849-855.

Löe, H. (1967) The gingival index, the plaque index 

and the retention index systems. Journal of Perio-

dontology 38, 610-616.

Löe, H. & Schiött, C. R. (1970) The effect of mouth-

rinses and topical application of chlorhexidine on 

the development of dental plaque and gingivitis in 

man. Journal of Periodontal Research 5, 79-83.

*  Löe, H., Schiött, C. R., Glavind, L. & Karring, T. 

(1976) Two years oral use of chlorhexidine in man. 

Journal of Periodontal Research 11, 135-144.

Löe, H. & Silness, J. (1963) Periodontal disease in 

pregnancy. I. Prevalence and severity. Acta Odont-

ologica Scandinavica 21, 533-551.

*  Lucas, G. Q. & Lucas, O. N. (1999) Preventive ac-

tion of short and long term chlorhexidine rinses. 

Acta Odontologica Latinoamericana 12, 45-58.

Mandel, I. D. (1994) Antimicrobial mouthrinses. 

Journal of the American Dental Association 125, 

25-105.

Moher, D., Schulz, K. F. & Altman, D. G. (2001) The 

CONSORT statement: revised recommendations 

for improving the quality of reports of parallel-

group randomised trials. Lancet 357, 1191-1194.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G. 

(2009) PRISMA Group. Preferred reporting items 

for systematic reviews and meta-analyses: the 

PRISMA statement. PLoS Medicine 6, e1000097.

Mulrow, C.D. (1994) Rationale for systematic re-

views. British Medical Journal  309, 597-599.

Needleman, I. G. (2002) Guide to systematic re-

views. Journal of Clinical Periodontology 29, 6-9.

*  Overholser, C. D., Meiler, T. F., DePaolo, L. G., 

Minah, G. E. & Niehaus, C. (1990) Comparative ef-

fects of 2 chemotherapeutic mouthrinses on the 

development of supragingival dental plaque and 

gingivitis. Journal Clinical Periodontology 17, 

575-579.

Quigley, G. A. & Hein, J. W. (1962) Comparative 

cleansing efficiency of manual and powerbrush-

ing. Journal of the American Dental Association 

65, 26-29.

Ramberg, P., Furuichi, Y., Volpe, A. R., Gaffar, A. 

& Lindhe, J. (1996) The effects of antimicrobial 

mouthrinses on de novo plaque formation at sites 

with healthy and inflamed gingivae. Journal of 

Clinical Periodontology 23, 7-11.

Revman 5.1 (2011) [WWW document]. URL http://

ims.cochrane.org/revman/download [accessed 

24 March 2012].





124 The effect of a chlorhexidine mouthrinse on plaque, gingival inflammation… 

1

2

3

4

5

6

7

8

9

*  Sanz, M., Vallcorba, N., Fabregues, S., Müller, I. 

& Herkströter, F. (1994) The effect of a dentifrice 

containing chlorhexidine and zinc on plaque, cal-

culus and toothstaining. Journal of Clinical Perio-

dontology 21, 431-437.

Saxer, U. P. & Mühlemann, H. R. (1975) Motivation 

and education. SSO Schweizer Monatsschrift für 

Zahnheilkunde 85, 905-919.

Schiött, C. R., Brier, W. W. & Löe, H. (1976) Two 

years oral use of chlorhexidine in man. The effect 

on the salivary bacterial flora. Journal of Peri-

odontal Research 11, 145-152.

Schulz, K. F., Altman, D.G., Moher, D. (2010) CON-

SORT statement: updated guidelines for reporting 

parallel group randomised trials. British Medical 

Journal  23, 340-332.

*  Segreto, V. A., Collins, E. M. & Beiswanger, B. B., 

De la Rosa, M., Isaac, R. L., Lang, N. P., Mallatt, M. 

E. & Meckel, A. H. (1986) A comparision of mouth-

rinses containing two concentrations of chlorhexi-

dine. Journal of Periodontal Research 21, 23-32.

Silness, J. & Löe, H. (1964) Periodontal disease in 

pregnancy. II. Correlation between oral hygiene 

and periodontal condition. Acta Odontologica 

Scandinavica 22, 121-135.

*  Southern, E. N., McCombs, G. B., Tolle, S. L. & 

Marinak, K. (2006) The Comparative Effects of 

0.12% Chlorhexidine and Herbal Oral Rinse on 

Dental Plaque-Induced Gingivitis. Journal of Den-

tal Hygiene 80, 12. 

Sterne, J. A. C., Becker, B. J. & Egger, M. (2005) 

The Funnel plot in: Publication Bias in Meta-Anal-

ysis. Prevention, Assessment and Adjustment. 

ed: Rothstein, H. R., Sutton, A. J. & Borenstein, M. 

John Wiley & Sons, Ltd Chichester, England

Sterne, J. A. C., Gavaghan, D. &  Egger, M. (2000) 

Publication and related bias in meta-analysis: 

power of statistical tests and prevalence in the 

literature. Journal of Clinical Epidemiology 53, 

1119–1129.

*  Stookey, G. K., Beiswanger, B., Mau, M., Isaacs, 

R. L, Witt, J. J. &  Gibb, R. (2005) A 6-month clini-

cal study assessing the safety and efficacy of two 

cetylpyridinium chloride mouthrinses. American 

Journal of Dentistry 18, 24-28.

*  Sturzenberger, O. P., Bosma, M. L., Moore, D. J. &  

Grossman, E. (1988) Clinical Benefits of Chlorhexi-

dine in Sustaining Gingival Health Following Pro-

phylaxis. Journal of Clinical Dentistry 1, 24-27. 



125…and staining in gingivitis patients: A systematic review

1

2

3

4

5

6

7

8

9

Tomás, I., Cousido, M. C., García-Caballero, L., Ru-

bido, S., Limeres, J. & Diz, P. (2010) Substantivity 

of a single chlorhexidine mouthwash on salivary 

flora: influence of intrinsic and extrinsic factors. 

Journal of Dentistry 38, 541-546 
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Box 1: Medline Search terms. The search strategy was customized appropriately for each 

of the additional databases being used taking into account differences in controlled voca-

bulary and syntax rules.

The asterisk (*) was used as a truncation symbol. As limits, “English” and “Human” were 

used.

Search equation: (Intervention <agent> AND <product>) AND (health condition of interest)

Intervention:

(< agent: chlorhexidine [MeSH] OR chlorhexidine OR chlorhexidine phosphanilate OR 

chlorhexidine di-gluconate OR chlorhexidine gluconate OR zinc-chlorhexidine OR 

chlorhexidine gluconate lidocaine hydrochloride OR CHX OR CHX formulations>

AND 

< product: Mouthwashes [MeSH] OR Mouthwashes OR Mouthwash OR mouthwash* OR 

mouthrinses OR mouthrinse OR spray OR gel OR Toothpaste [MeSH] OR Toothpaste OR 

Toothpastes OR Dentifrices [MeSH] OR Dentifrices OR Dentifrice>)

AND

Health condition:

(gingivitis [MeSH] OR gingivitis OR gingivit* OR gingival pocket 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 sulcus bleeding index OR plaque removal OR plaque index OR dental plaque 

OR plaque OR removal OR interdental plaque OR interproximal plaque OR dental de-

posit* OR stain OR discoloration OR pseudo pocket OR pseudopocket OR periodontal 

index OR oral tissue OR calculus OR tartar)
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Figure 1: Search and selection results
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Table 1: Characteristics of the selected studies

No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

1

Türkoglu et al. 

2009

RCT

Parallel

4 wk

 # 87 (50)

♀ 25 ♂ 25 ◊ 
mean age 26.5 ◊ 
range 18-45 

2 x 10ml x 60” 

with dentifrice 

Within the limitations of 

this study, CHX mouthrinse 

as adjuncts to daily plaque 

control could be useful in 

management of plaque-

associated gingivitis.

2

Van Strydonck 

et al. 

2008

RCT 

Parallel

6 wk

# 150 (140)

♀ 28% ♂ 28% ◊ 
mean age 22 ◊ 
range 18-65 

2 x 10ml x 60” 

no dentifrice

A 0.2% CHX mouthrinse 

in combination with 

toothbrushing remains 

the gold standard for 

additional chemical plaque 

control.

3

Southern et al. 

2006

RCT 

Parallel

3 mnth

# 42 ◊ (40 ◊)

♀ ? ♂ ?

mean age 25 (7.67)

range ?

2 x 15 ml x ?“ ◊ 
with dentifrice

A 0.12%CHX mouthrinse 

demonstrates a 

statistically significant 

effect on the reduction 

of mean GI, BOP and PI 

scores when compared to a 

placebo rinse.

4 

Zimmer et al. 

2006

RCT 

Parallel

8 wk

# 78 ◊ (78 ◊)

♀ ? ♂ ? 

mean age ?

range ? 

1 x ?ml x 30” 

with dentifrice

Daily use of a 0.06% CHX 

/ NaF rinse in combination 

with toothbrushing 

may results in a higher 

interproximal plaque 

reduction than daily 

flossing.
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

5

Stoockey et al. 

2005

RCT

Parallel

6 mnth

# 151 ◊ (126 ◊)

♀ ? ♂ ?

mean age 34 ◊
range 18-66 

2 x 15ml x 30” 

with dentifrice

A 0,12 % CHX mouthrinse 

provides significant 

benefits for gingivitis 

(33%), bleeding ( 45%) and 

plaque (31%) relative to a 

placebo rinse.

6

Ernst et al. 

2005

RCT

Parallel

4 wk 

# ? (61 ◊)

♀ ? ♂ ?

mean age 29.7 ◊
range 18-54 ◊ 

2 x 15ml x 30‘’ 

with dentifrice

The approximal plaque 

index in the CHX group 

improved significantly 

versus the placebo 

group, but there was no 

significant difference in 

gingival- and bleeding 

index between both 

groups. The discoloration 

was significantly higher in 

the CHX group than in the 

placebo group. 

7

Charles et al. 

2004

RCT 

Parallel 

6 mnth

# 74 ◊ (73 ◊)

♀46 ♂27

mean age 31.8 ◊
range 20-57 

2 x 15ml x 30” 

with dentifrice

The CHX mouthrinse 

produced statistically 

significant reductions 

in plaque and gingivitis 

compared with the control. 

CHX had significantly more 

stain than the control. 

8

Yates et al. 

2002

RCT 

Parallel

5 wk

# 38 ◊ (?)

♀ ? ♂ ?

mean age ? 

range ? 

2 x 10ml x 60” 

with dentifrice

CHX was significantly more 

effective on gingivitis, BOP 

and plaque than a fluoride 

placebo rinse.
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

9

Hoffman et al. 

2001 

RCT

Parallel

6 mnth

# 65 ◊ (58 ◊)

♀ ? ♂ ?

mean age ?

range 18-36 

2 x 10ml x 30” 

(0.06% CHX) 

2 x 15ml x 30” 

(0.1% CHX)

2x 100ml x 30” 

(H2O)

with dentifrice

Compared to the control, 

all test products differed 

significantly regarding 

plaque and discolorations 

when used as supplements 

to the usual mechanical 

hygiene measure. 

Concerning gingivitis 

only the 0.1% CHX was 

different from the control. 

When a decrease in the 

GI is wanted, a minimum 

concentration of 0.1% CHX 

is needed. If maintaining 

clinically health is the goal, 

the other solutions are a 

good alternative to 0.1% 

CHX because they exhibit 

less staining.

10

Lucas & Lucas 

1999

RCT

Parallel

6 mnth

# 20 (?)

♀ ? ♂ ?

mean age 20.9 

range ? 

2 x 10ml x ?”

dentifrice ? 

A 0.12% CHX digluconate 

mouthrinse can provide an 

important adjunct to the 

prevention and control of 

gingivitis when used as the 

only oral hygiene practice 

or with regular personal 

hygiene procedures.
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

11 

Hase et al. 

1998

RCT

Parallel

6 mnth

# 92 ◊ (63 ◊)

♀0 ♂ 92

mean age 24 ◊
range ?

2 x 10ml x 60” 

with dentifrice

Rinsing with 0.2% CHX 

digluconate twice daily 

during 6 months results in 

less plaque formation and 

gingivitis than rinsing with 

placebo.

12

Lang et al. 

1998 

RCT 

Parallel

6 mnth

# 103 ◊ (86 ◊)

♀ ? ♂ ?

mean age 42 ◊
range ? 

2 x 10ml x 60”

with dentifrice

Supervised rinsing with 

0.2% CHX digluconate 

twice daily for 60s as a 

supplement to normal 

mechanical oral hygiene 

procedures resulted in less 

plaque formations and 

gingivitis than rinsing with 

placebo.

13 

Corbet et al. 

1997 

RCT 

Parallel

3 mnth

# 60 (36)

♀47 ♂13

mean age 22.5 

range 17-39 

1 x 15ml x 45”

dentifrice ?

There was a significant 

effect of CHX on gingivitis, 

although the effect may 

be too limited to assure 

prognostic benefits in 

the prevention of future 

disease progression.

14 

Eaton et al. 

1997 

RCT 

Parallel

3 mnth

# 121 (98)

♀ ? ♂ ?

mean age 35 

range 18-65

 2 x 15ml x 30”

with dentifrice

A 0.12% CHX digluconate 

mouthwash reduced 

plaque accumulation and 

gingival inflammation by 

over a 12-week period. 
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

15

Hase et al. 

1995 

RCT 

Parallel

4 wk

# 42 ◊ (39 ◊)

♀ ? ♂ ?

mean age 40 ◊
range 18-60 

2 x 10ml x 60” 

no dentifrice

Rinsing with either CHX 

digluconate 2mg/ml 

twice daily for 60s as a 

supplement to normal 

oral hygiene professional 

toothcleaning, leads to 

lower plaque formation 

than rinsing with placebo. 

16

Chaves et al. 

1994 

RCT 

Parallel

6 mnth

# ? (51 ◊)

♀ ? ♂ ? 

mean age ?

range 19-62

2 x ?ml x ?”

with dentifrice

The mechanism of 

gingivitis reduction by 

toothbrushing alone and 

toothbrushing + 0.12% 

CHX twice daily rinsing 

is related to plaque 

reduction. 

17

Sanz et al. 

1994

RCT 

Parallel

6 mnth

# 139 ◊ (130 ◊)

♀81 ♂58 ◊ 
mean age 33.5 ◊ 
range 18-65 

2 x ?ml x ?”

with dentifrice

Significant reductions in 

plaque and gingivitis were 

seen for the CHX rinse 

compared to the control 

group. Toothstaining was 

significantly higher for the 

CHX rinse group compared 

to the control group. 

18 

Brecx et al. 

1993 

RCT 

Parallel

3 mnth

# ? (22 ◊)

♀ ? ♂ ?

mean age ?

range 21-33

2 x 10ml x 60” 

with dentifrice

Plaque and gingival indices 

were lower in the 0.2%CHX 

group than in the placebo 

group. 
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

19 

Caton et al. 

1993 

RCT 

Parallel

3 mnth

# 60 ◊ (?)

♀ ? ♂ ?

mean age ?

range 18-28 

2 x ?ml x 30’

with dentifrice

Only mechanical 

interdental plaque 

removal combined with 

toothbrushing is effective 

at reducing or preventing 

interdental inflammation. 

20 

Jenkins et al. 

1993 

RCT

Parallel

6 wk

# 102 (99)

♀ ? ♂ ?

mean age ?

range 18-60

 2 x 15ml x 60”

with dentifrice

Plaque and gingivitis 

scores were significantly 

lower in the CHX / F group 

compared to a control 

group. In the CHX group 

staining was significantly 

increased. 

21 

Joyston-Bechal & 

Hernaman 1993 

RCT 

Parallel

8 wk

# 47 (39)

♀ ? ♂ ?

mean age 32 ◊
range ? 

2 x 10ml x 30”

with dentifrice

As adjunct to normal oral 

hygiene, a CHX/Fluoride 

rinse had a significant 

inhibitory effect on 

plaque and bleeding but 

a significant greater stain 

score. 

22 

Emling et al. 

1992 

RCT 

Parallel

8 wk

# ? (?)

♀ ? ♂ ?

mean age ?

range ? 

? x ?ml x ?”

with Crest 

 dentifrice

The CHX 0.12% rinsing 

groups (Peridex) had 

increased in stain area 

over the study. On stain, 

the Rembrandt dentifrice 

/ Peridex rinse group had 

consistently lower means 

scores than the Crest 

dentifrice / Peridex group. 

? x ?ml x ?”

with Rembrandt 

dentifrice
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

23 

Brownstein et al. 

1990 

RCT

Parallel

8 wk

 # 24 ◊ (21 ◊)

♀ ? ♂ ?

mean age ?

range 18-65

2 x 15ml x 30”

with dentifrice

Compared to a placebo, 

a 0.12% CHX rinse 

significantly reduced 

plaque and only reduced 

gingivitis in combination 

with a prophylaxis at 

baseline. 

24 

Overholser et al. 

1990 

RCT 

Parallel

6 mnth

# 83 ◊ (?)

♀49 ♂34

mean age 29 ◊
range 22-62 ◊ 

2 x 15ml x 30” 

(chx)

2x 20ml x 30” 

(control)

with dentifrice

CHX is an effective agent 

for the control of plaque 

and gingivitis, when used 

as an adjunct to routine 

oral hygiene and following 

a professional prophylaxis. 

Peridex patients developed 

more stain compared to 

baseline and control. 

25 

Grossman et al. 

1989 

RCT 

Parallel

6 mnth

# ? (246 ◊)

♀ ? ♂ ?

mean age 37 ◊
range ? 

2 x 15ml x 30” 

with dentifrice

Compared to placebo, 

the group rinsing with 

0.12% CHX in conjunction 

with professional care 

as an adjunct to oral 

hygiene, had significantly 

less gingivitis , gingival 

bleeding and plaque. 

26 

Banting et al. 

1989 

RCT

Parallel

2 yr

# 456 ◊ (272 ◊ )
♀ ? ♂ ?

mean age ?

range ? 

2 x 15ml x 30”

with dentifrice

Compared with a placebo, 

twice daily use of 0.12% 

CHX as a 30s rinse for 2 

years reduces gingivitis, 

gingival bleeding and 

supra-gingival plaque. 
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No 

Author

Year

Design 

Duration 

Subjects

# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

27

Addy & Hunter 

1987 

RCT 

Crossover

6 wk

# 41 (38)

♀ 29 ♂ 12 

mean age 27.4

range 17-61

3 x 10ml x 60” 

with dentifrice

CHX has significant 

adjunctive effects on 

plaque inhibition in 

the presence of normal 

unsupervised oral hygiene, 

but toothbrushing did not 

prevent toothstaining.

28 

Axelsson & 

Lindhe 

1987 

RCT 

Parallel

6 wk

# 72 ◊ (64 ◊)

♀ ? ♂ ?

mean age ?

range ? 

2 x 10ml x 30” 

(CHX)

2 x 20ml x 30” 

(control)

with dentifrice

Two active mouthwash 

preparations (CHX 0.2%, 

CHX 0.1%) used as 

supplements to regular 

toothcleaning measures 

markedly improved the 

oral hygiene status and 

the gingival conditions 

compared to a control 

rinse. 

29 

Segreto et al. 

1986 

RCT

Parallel

3 mnth

# 597 (454)

♀ ? ♂ ?

mean age ? 

range ?

2 x 15ml x 30” 

with dentifrice

A 0.12 % CHX gluconate 

mouthrinse offers the 

same benefits as a 0.2% 

CHX gluconate rinse. 
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Author
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# number base (end)

gender 

mean age (years)

range

Rinsing regimen 

Dentifrice use

Author’s conclusion

30

Grossman et al. 

1986 

RCT 

Parallel

6 mnth 

# 430 (380)

♀287 ◊ ♂143 ◊
mean age 32.6

range 18-60

2 x 15ml x 30“

with dentifrice

A 0.12 % CHX gluconate 

mouthrinse can provide 

an important adjunct to 

the prevention and control 

of gingivitis when used 

with regular personal oral 

hygiene procedures and 

professional care. 

RCT Randomized controlled trial 

CCT Controlled clinical trial 

OH Oral hygiene 

Wk Week 

Mnth Month 

Yr Year

♂ Man 

♀ Female 

◊ Calculated by the authors of this review 

⌂ CHX rinse administered in one group 

 - 0.2% CHX digluconate

 - 0.1% CHX digluconate 

 - 0.1% CHX acetate.

? Unknown / unclear
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Table 2: Descriptive summary of statistical analysis between groups, quality assessments 

and the suitability to be included into a meta-analysis. The order of the studies is based 

firstly on the CHX concentration used and secondly on the comparison that was employed.

No Study

Year

Intervention Comparison PS GI BS SS Authors

estimated

risk of 

bias

Suitable 

for MA

2 Van Strydonck et al. 

2008

OH

+ 0.2% CHX rinse

OH < ND < > high PlI (S&L)

BOMP

1 Türkoglu et al. 

2009

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< ND NS ND low PlI (Q&H)

PBI

8 Yates et al. 

2002

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< < < ND high ?

12 Lang et al. 

1998

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< < < > moderate ?

11 Hase et al. 

1998

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< ND < > low ?

15 Hase et al. 

1995

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< ND NS > low ?

18 Brecx et al. 

1993

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

? < ND > high GI

27 Addy & Hunter 

1987

OH

+ 0.2% CHX rinse

OH

+ placebo rinse

< ND ND > high ?

16 Chaves et al. 

1994

OH

+ 0.12% CHX rinse

OH < NS < ND high ?

19 Caton et al. 

1993

OH

+ 0.12% CHX rinse

OH ND ND < ND high ?

3 Southern et al. 

2006

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

NS < < ND moderate ?
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No Study

Year

Intervention Comparison PS GI BS SS Authors

estimated

risk of 

bias

Suitable 

for MA

5 Stoockey et al. 

2005

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < < ND low PlI (Q&H)

GI

BI of GI

10 Lucas et al. 

1999

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < NS ND moderate ?

13 Corbet et al. 

1997

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

NS < < NS low PlI (S&L)

GI

BI of GI

14 Eaton et al. 

1997

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< ND < ND moderate PlI (S&L)

BI of GI

17 Sanz et al. 

1994

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < < > low ?

20 Jenkins et al. 

1993

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < ND > high ?

26 Banting et al. 

1989

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < < ND high ?

25 Grossman et al.

1989

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < < > moderate ?

30 Grossman et al. 

1986

OH

+ 0.12% CHX rinse

OH

+ placebo rinse

< < < ND moderate PlI (Q&H)

7 Charles et al. 

2004

OH

+ 0.12% CHX rinse

OH

+ control rinse

< < ND > low PlI (Q&H)

GI

Stain

24 Overholser et al. 

1990

OH

+ 0.12% CHX rinse

OH

+ control rinse

< < NS > low PlI (Q&H)

Stain
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No Study

Year

Intervention Comparison PS GI BS SS Authors

estimated

risk of 

bias

Suitable 

for MA

22 Emling et al. 

1992

OH (CD)

+ 0.12% CHX rinse

OH (CD)

+ placebo rinse

NS NS ND ? moderate ? 

OH (RD)

+ 0.12% CHX rinse

OH (RD)

+ placebo rinse

NS NS ND ?

23 Brownstein et al. 

1989

OH

+ 0.12% CHX rinse

– prophylaxis

OH

+ placebo rinse 

– prophylaxis

< NS NS ND moderate ? 

OH

+ 0.12% CHX rinse 

+ prophylaxis

OH

+ placebo rinse 

+ prophylaxis

< < NS ND

6 Ernst et al.

2005

OH = 0.1% CHX OH

+ placebo rinse 

< NS NS > moderate GI

BOMP

29 Segreto et al. 

1986

OH

+ 0.2% CHX

OH

+ placebo rinse 

< < < ND low PlI (Q&H)

OH

+ 0.12% CHX

< < < ND

28 Axelsson & Lindhe 

1987

OH

+ 0.2% CHX

OH

+ placebo rinse 

< < ND

?

high PlI (Q&H)

GI

Stain

OH

+ 0.1% CHX

< < ND

?

4 Zimmer et al. 

2006

OH

+ 0.06% CHX rinse

OH < ND NS > high PlI (Q&H)

PBI

9 Hoffman et al. 

2001

OH

+ 0.06% CHX rinse

OH

+ water rinse

< NS ND >

high

?

OH

+ 0.1% CHX rinse

< < ND >
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No Study

Year

Intervention Comparison PS GI BS SS Authors

estimated

risk of 

bias

Suitable 

for MA

21 Joyston et al. 

1991

OH

+ 0.05% CHX rinse

OH

+ placebo rinse

? ND < > moderate ?

PS Plaque scores.

GI Gingival Index scores. 

BS Bleeding scores. 

SS Staining scores.       

PlI (S&L) Plaque Index (Silness & Löe 1964).

PlI (Q&H) Plaque Index (Quigley & Hein 1962/ modification Tureskey et al. 1970).

GI Gingival Index (Löe & Silness 1963).

BI Bleeding Index.

PBI Papillary Bleeding Index (Saxer 1975).

BOMP Bleeding On Marginal Probing (Van der Weijden et al. 1994).

CD Control dentifrice.

RD Regular dentifrice.

 < Values from intervention groups are significant lower than that of comparison groups. 

 > Values from intervention groups are significant higher than that of  comparison groups.

*  3 rinses tested: 0.2% and 0.1% CHX digluconate and 0.1% CHX acetaat but no analysis for  

 the 3 groups separately.

NS No statistical significant difference between intervention and comparison groups. 

ND No data available. 

 ? Absence of or inconclusive statistical data which do not allow to draw conclusions 

 concerning statistical significance.  
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Table 3: Meta Analyses of studies providing whole mouth means and standard deviations 

for plaque and gingivitis parameters by means of ‘random’ or ‘fixed’ effects model analysis. 

Index Studies Model WMD 95% CI Test for

overall 

effect

(p-value)

Test for
heterogeneity

Chi2

p-value
I²-

statistic

PI (S&L) Corbet et al. (1997)

Eaton et al. (1997)

Hoffman et al. 0.06% (2001) 

Hoffman et al. 0.1% (2001)

Van Strydonck et al. (2008)

Base Random -0.12 [-0.19; -0.05] 0.0005 0.50 0%

End Random -0.39 [-0.70; -0.08] 0.01 < 0.00001 91%

PI (Q&H) Grossman et al. 1986

Segreto et al. 1986 (0.2%)

Segreto et al. 1986 (0.12%)

Axelsson&Lindhe 0.1% (1987)

Axelsson&Lindhe 0.2% (1987)

Overholser et al. (1990)

Charles et al. (2004) 

Stoockey et al. (2005)

Zimmer et al. (2006)

Türkoglu et al. (2009)

Base Random 0.02 [-0.04; 0.09] 0.45 0.04 48%

End Random -0.67 [-0.82; -0.52] <0.00001 <0.00001 84%

PBI Zimmer et al. (2006)

Türkoglu et al. (2009) 

Base Fixed -0.02 [-0.19; 0.15] 0.80 0.73 0%

End Fixed -0.21 [-0.37; -0.04] 0.01 0.77 0%

GI (L&S)

GI Löe

Axelsson & Lindhe 0.1% (1987)

Axelsson & Lindhe 0.2% (1987)

Brecx et al. 1993

Corbet et al. (1997)

Hoffman et al. 0.06% (2001) 

Hoffman et al. 0.1% 2001)

Charles et al. (2004)

Stoockey et al. (2005)

Ernst et al. (2005)

Base Random -0.02 [-0.07; 0.02] 0.33 0.28 19%

End Random -0.32 [-0.42; -0.23] <0.00001 0.004 65%
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Index Studies Model WMD 95% CI Test for

overall 

effect

(p-value)

Test for
heterogeneity

Chi2

p-value
I²-

statistic

BGI Eaton et al. (1997)

Corbet et al. (1997)

Stoockey et al. (2005)

Base Fixed -0.01 [-0.04; 0.02] 0.58 0.91 0%

End Fixed -0.08 [-0.10; -0.05] <0.00001 0.01 78%

BMP Van Strydonck et al. (2008)

Ernst et al. (2005

Base Fixed -0.01 [-0.09; 0.08] 0.87 0.92 0%

End Fixed -0.16 [-0.26; -0.07] <0.0008 0.27 18%

SI Axelsson & Lindhe (1987)

Axelsson & Lindhe (1987)

Overholser et al. (1990)

Charles et al. (2004)

Base Random 0.07 [-0.02; 0.16] 0.12 0.007 75%

End Random 0.91 [0.12; 1.70] 0.02 <0.00001 99%

WMD, Weighted Mean Difference;  CI, Confidence Interval.

PI (S&L) Plaque Index Silness & Löe (1964).

PI (Q&H) Plaque Index Quigley & Hein (1962).

PpBI  Papillary BIeeding Index Saxer (1975).

GI (L&S)  Gingival Index Löe & Silness (1963).

GI Löe  Gingival Index Löe (1967).

BGI  Bleeding aspect of the GI- Löe (1967).

BMP  Bleeding on Marginal probing Lie et al. (1998).

SI  Staining Index-Lobene (1968).
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Table 4: Meta Analyses of studies with a low estimated risk of bias by whole mouth means

Index Studies Model WMD 95% CI Test for

overall 

effect

(p-value)

Test for
heterogeneity

Chi2

p-value
I²-

statistic

PI (Q&H) Overholser et al. (1990)

Charles et al. (2004)

Stoockey et al. (2005)

Türkoglu et al. (2009)

Base Random 0.07 [-0.10; 0.25] 0.43 0.002 80%

End Random -0.68 [-0.85; -0.51] < 0.00001 0.06 60%

GI (L&S) Corbet et al. (1997)

Charles et al. (2004)

Stoockey et al. (2005)

Base Fixed -0.03 [-0.06; 0.00] 0.06 0.03 72%

End Fixed 0.24 [-0.29; 0.20] <0.00001 0.0005 87%

WMD, Weighted Mean Difference;  CI, Confidence Interval.

PI (Q&H) Plaque Index Quigley & Hein (1962).

GI (L&S) Gingival Index Löe & Silness (1963).
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General summary and discussion

The underlying idea of this thesis is to investigate the efficacy of CHX mouthrinses on supra-

gingival plaque accumulation in order to control gingivitis, a disease entity that precedes 

periodontal breakdown. Related to efficacy, several aspects of CHX mouthrinses have been 

questioned. 

The interaction between CHX and SLS: friend or enemy?

Chemical plaque control by the use of a CHX mouthrinse may be important in some patient 

populations. When mouthrinses are used as supplements to toothbrushing with dentifrice, 

they may have some adjunctive plaque inhibiting effect. Although there is evidence that a 

dentifrice does not primarily attribute to the ‘‘instant” mechanical plaque removal, tooth-

brushing with a dentifrice is traditionally recommended especially for the prevention of 

staining and application of chemotherapeutics such as fluorides (Paraskevas et al. 2005). 

A common ingredient of most dentifrices is the detergent SLS. From the existing literature, 

it is apparent that the activity of the cationic (+) CHX molecule as active ingredient of a CHX 

mouthrinse, is rapidly reduced in the presence of the anionic (-) agent SLS found within cer-

tain types of dentifrice (Barkvoll et al. 1989). The research presented in chapter 2, 3 and 4 

intends to bring clarity in the anti-plaque efficacy of a CHX mouthrinse when used in combina-

tion with toothbrushing with an SLS-containing dentifrice.

 Since it has been suggested that SLS and CHX may counteract in the oral cavity, dentists 

recommend their rinsing patients to use an SLS-free dentifrice, to postpone the rinsing 30 

min to 2 hours after brushing with an SLS- containing dentifrice or to refrain from the use of 

dentifrice (Barkvoll et al. 1989). In order to comply with the professional advices, patients are 

forced either to look continuously at the clock or to purchase a non-SLS dentifrice. Therefore, 

these advices may have an impact on patient’s compliance and consequently may influence 

the outcome of antimicrobial therapy. These professional advices, in use since 1989, are, 

however, based on research data derived from non-brushing/SLS-slurry investigations dating 

performed in the past and not from ordinary brushing/SLS-dentifrice studies. For this reason, 

the plaque inhibiting effect of a CHX mouthrinse under influence of toothbrushing with an 

SLS-containing dentifrice was studied in a series of three “SLS brushing/ CHX rinsing” inter-

action, studies that are described in chapter 2, 3 and 4. 

 In all three studies the same research model was used, considering one jaw as the “CHX 

rinsing-study jaw”, which received no mechanical plaque control, and the opposite jaw as 
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the “brushing-dentifrice/CHX” jaw, where toothbrushing was performed in combination with 

CHX-rinsing. Unlike what was expected, the results of the first SLS/CHX study (described 

in chapter 2) using a non-supervised cross-over design with 16 healthy volunteers rinsing 

with a 0.2% CHX rinse and brushing with an 1.5% SLS-containing dentifrice, did not show 

any  significant difference in plaque inhibition between the CHX rinsing group and the SLS-

dentifrice/CHX group. It may be argued that this lack of an inhibiting effect might be due 

to a poor compliance of the panelists participating in the study. Consequently, a second, 

supervised, cross-over study with 35 volunteers using three different dentifrices, with and 

without SLS, was performed. In addition, the effect of inversed rinsing-brushing orders has 

also been examined but again, no significant difference was found between the groups. Since 

both cross-over studies contradicted the existing literature, a final third SLS/CHX study was 

performed,  using a supervised parallel design where 120 volunteers were involved. One regi-

men consisted of rinsing with CHX alone. The second regimen consisted of rinsing with 0.2% 

CHX preceded by rinsing with an SLS-containing slurry, similar to the two earlier studies, 

while in the third regimen rinsing with 02% CHX was preceded by toothbrushing with an SLS-

containing in the “dentifrice” jaw. The anti-plaque efficacy of a 0.2% CHX rinse was not reduced 

when preceded by everyday tooth brushing with an SLS- containing dentifrice. However, when 

preceded by  rinsing with an SLS-containing slurry, the anti-plaque efficacy of a 0.2% CHX 

rinse was  reduced.

 In summary, none of the three SLS/CHX interaction studies demonstrated a significant 

difference in amount of plaque accumulation during four days between the CHX alone regi-

men and the CHX/SLS regimens. Only when a 0.2% CHX rinse was preceded by rinsing with 

an SLS-containing slurry, the anti-plaque efficacy of CHX was reduced, which is in accordance 

to earlier conclusions. Based on the above mentioned results it was concluded that tooth-

brushing with an SLS-containing dentifrice under home-care conditions does not reduce the 

anti-plaque efficacy of a 0.2% CHX mouthrinse, irrespective whether the dentifrice was used 

before or after the rinse. The most likely explanation seems to be that ordinary oral hygiene 

procedures involve a toothbrush and dentifrice to brush the teeth after which the dentifrice 

foam is expectorated and the oral cavity is rinsed with water. Following such a procedure, 

the interaction between SLS and CHX is probably minimal because most of the effects of the 

 dentifrice ingredients are eliminated (Sjögren & Birkhed 1994). Expectoration and rinsing with 

water clears the oral cavity of most residual SLS dentifrice. A low intra-oral SLS-concentration 

is considered as a likely explanation for the observed absence of an inhibition of the anti-



149General summary and discussion

1

2

3

4

5

6

7

8

9

plaque effect of a CHX rinse in combination with an SLS-containing dentifrice. In case of a 

0.2% CHX rinse preceded by rinsing with an SLS-containing slurry, the oral cavity was not 

cleared from SLS after rinsing with the aqueous dentifrice-slurry-solution. This would prob-

ably result in a much higher oral load of SLS compared to the SLS load of the brushing, expec-

torating the dentifrice foam and rinsing with water.

The inclusion of alcohol in a CHX mouthrinse: the high of victory! 

As mentioned in the introduction of the present thesis, alcohol may play an important role in 

the formulation of a mouthrinse vehicle solution. A significant amount of alcohol, which may 

vary from around 7% to 27%, is added to mouthrinses to provide a soluble vehicle for distri-

bution of the active ingredient and to improve some preservative power of the mouthrinse, 

the shelf life of the product and in some extend the pleasurable characteristics of mouthrinsing 

(See Chapter 1). 

 However, alcohol may also have some more or less important disadvantages. It is a drying 

agent and appears to increase discomfort. The oral mucosa for instance may be sensitive to 

alcohol. Sometimes alcohol can also adversely affect the surface hardness and color stability 

of tooth-colored restorations. Other important issues that arise as a result of the presence of 

alcohol in mouthrinses is the systemic toxicity from swallowing, which could be a problem 

for children and alcohol addicts. Also the supposed co-carcinogenicity with smoking might 

lead to oral and pharyngeal cancers when actively imbibed. When correctly prescribed, the 

risk is probably minuscule, but this does not obviate the possible risk from self-prescription 

and chronic use of mouthrinses. Although the evidence of these side-effects is qualitatively 

poor and at present considered not to be the case or unproven, the inclusion of alcohol in 

mouthrinses remains a controversial topic, due to the possible health risk associated with 

long-term use of alcohol containing products. Primarily based on health reasons but also on 

social reasons, including religious objections and the potential for detecting alcohol in the 

breath, there is an increase in the demand for alcohol-free mouthrinses. Besides, the absence 

of alcohol in mouthrinses might cause fewer side-effects. 

 In terms of efficacy, the question arises whether the addition of alcohol to CHX mouth-

rinses is necessary. The answer to this question is brought forward in chapter 5 where the 

plaque inhibition of two commercially available CHX mouthrinses, with different concen-

tration, quantity, composition (with and without alcohol) and rinsing time, was compared. 

40 healthy volunteers were enrolled in the study. Results show that, twice daily rinsing for 
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30 seconds with 15 ml of an alcohol-free 0.12% CHX mouthrinse (Perio-Aid®) appears not to be 

significantly different in plaque inhibition capacity from twice daily rinsing for 60 seconds with 

10 ml of an alcohol-containing 0.2% CHX mouthrinse (Corsodyl®). A 30-second rinsing time 

was equally effective to a 60 second rinsing time and confirms the studies of Keijser et al. 

(2003) and Van der Weijden et al. (2005). This equality is probably due to the fact that approx-

imately 50% of the CHX was retained after the first 15 seconds of rinsing and  approximately 

75% within 30 seconds (Bonesvoll et al.1974). More than the concentration, the dose of CHX 

seems also of considerable relevance to the efficacy of the mouthrinse formulations. Con-

centrations of 0.12% CHX appear as effective as 0.2% if the volume of the rinse is  increased 

from 10 to 15 ml, giving an 18 mg dose on each occasion. However, the 0.12% CHX mouthrinse 

 (Perio-Aid®) additionally contains 0.5% CPC. Existing evidence suggests that CPC mouthrinses, 

when used as adjuncts to oral hygiene, provide a small but significant additional benefit in re-

ducing plaque accumulation and gingival inflammation (Haps et al. 2008). Therefore it could 

be possible that the addition of CPC may have compensated for a possible alcohol  effect. 

 In contrast to other studies, (Quirynen et al. 2001, Keijser et al. 2003) from which was 

concluded that there was no significant difference in terms of taste perception, the study 

described in chapter 5 shows that the subjects appreciated the taste of the alcohol-free CHX 

solution more than the taste of the alcohol-containing CHX, but the after-taste of the alcohol-

free rinse remained longer in the mouth. One can ask if it is the lower concentration, the 

absence of alcohol, the inclusion of CPC, the shorter rinsing time, or perhaps even a com-

bination of these factors, which is responsible for the better appreciation of the taste of the 

0.12% rinse. No explanation has been brought forward for the better after-taste of the 0.2% 

rinse. As the benefit of alcohol in a mouthrinse was not substantiated and the effect of a CHX 

mouthrinse on plaque inhibition is more dependent on the dose of the rinse (volume x con-

centration) than on the concentration, it could be of common interest to use 15 ml of an 0.12% 

alcohol-free CHX mouthrinse rinse (Perioaid®) instead of 10 ml of an alcohol-containing 0.2% 

CHX mouthrinse (Corsodyl®) in order to inhibit plaque and control gingival inflammation. 

Since the efficacy on plaque inhibition of both mouthrinses is the same, it can be concluded 

that, for reasons of taste perception, it is up to the patient to freely choose which mouthwash 

he or she prefers.

 Besides efficacy, taste and social factors, some other aspects may be important with 

regard to mouthrinses. In the Netherlands, the “Federaal Agentschap voor Geneesmiddelen 

en Gezondheidsproducten FAGG http://www.fagg-afmps.be/nl stated that “Any substance 
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or combination of substances presented for treating or preventing disease in humans or any 

substances or combination of substances which can be used by humans to restore physio-

logical functions, to correct or modify either a pharmacological, immunological or metabolic 

action, or to provide a diagnose, is defined as a drug”. This opens the discussion to what 

extend mouthrinses should be regarded as drugs. The alcohol-containing 0.2% mouthrinse 

(Corsodyl®), used as a control in the study described in chapter 5, has been designated as an 

effective anti-microbial mouthrinse in the prevention and the control of dental plaque, in the 

treatment of gingivitis simplex or gingvitis ulcerosa, stomatitis prothetica, oro-pharyngeal 

infections such as stomatitis aphtosa, candidiasis and as disinfectant during periodontal sur-

gery. In accordance with these indications, Corsodyl® is considered a drug with the obligatory 

control by the FAGG authorities. This is in contradiction with the free use of the tested 0.12% 

alcohol-free mouthrinse (Perioaid®), which is classified as a cosmetic product. In contrast to 

cosmetic products, drugs must meet many conditions in order to be considered not only as an 

effective product but also as a safe product. This includes manufacturing, marketing, distribu-

tion, delivery, research, development, safety monitoring and advertising. In order to protect 

the drug from moisture, light and air, the packaging must meet all FAGG requirements and 

disclose the name of the product, the dose, the pharmacological form, the name of the com-

pany which brings the drug on the market, the license number, the lot number, the  ex piration 

date, the composition, the route of administration and if needed any special storage condi-

tions. Also the shelf life and expiration date are strictly controlled. This implies that, although 

Corsodyl® may be a more expensive mouthrinse, it may still be considered as the golden 

standard, partly due to the high level of quality control.

The effect of a CHX-releasing toothbrush: a useful tool or a gadget?

Manufacturers try very hard to develop products that make oral hygiene procedures easier for 

consumers, sometimes at the request of the dental professional. Examples are a coating of 

CHX on the filaments of interdental brushes or adding antibacterial properties to toothbrushes 

to give them an antimicrobial function. The study presented in chapter 6 evaluates whether the 

effect of toothbrushing could be enhanced by the use of a CHX-releasing toothbrush. This 

prototype contains a template within the brush head which releases CHX when brought into 

contact with oral fluids. The delivery system may provide the benefits of reduced plaque and 

gingivitis beyond toothbrushing alone, whilst also diminishing the negative tooth staining 

side effects of traditional CHX therapy and enhancing users’ oral hygiene and compliance. 
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The purpose of this study was to test whether toothbrushing with a template test toothbrush 

with a slow release system of CHX is more effective in inhibiting plaque and gingival bleed-

ing than brushing with the template control brush in conjunction with a CHX rinse served as 

positive control. A second objective was to assess the amount of stain on the teeth, being 

considered as a well-known side-effect of CHX, and last but not least, to detect the presence 

of oral tissue abnormalities. 150 healthy volunteers were enrolled in the study. After 6 weeks 

of use, no differences were detected compared to the control brush in oral tissue changes, 

nor a beneficial effect on plaque inhibition or an inhibition of staining could be demonstrated 

for the experimental CHX releasing toothbrush. Whilst researchers continue to search for the 

most convenient and clinically effective way of delivering additional chemical plaque control, 

the use of a 0.2% CHX mouthrinse (in combination with toothbrushing) remains the gold 

standard, despite the well-known tooth staining side effect.

The result of a systematic review of CHX mouthrinses: To rinse or not to rinse, that’s the 

focussed question!  

In chapter 7 the literature is evaluated a systematic way to assess the clinical effect of a CHX 

mouthrinse in gingivitis patients.

 Archie Cochrane (1909-1988), a British epidemiologist and founder of the Cochrane 

Collaboration, advocated the use of randomized controlled trials as a means of informing 

healthcare practice of the current standard of knowledge with respect to therapy. In 1979, he 

stated that “it is surely a great criticism of our profession that we have not organized a critical 

summary, by specialty or sub-specialty adapted periodically, of all relevant randomized con-

trolled trials”. His efforts proved to be successful and resulted in many “Cochrane” systemat-

ic  reviews of high quality, which are published under the strict guidance of the Cochrane Col-

laboration. In a systematic review all studies on a topic are systematically identified, critically 

appraised and summarized with explicit and reproducible methods. The rationale behind this 

approach is that standardization, transparency of the methods used by the authors, and the 

acquisition of available studies meeting the required criteria, minimize the potential of bias. 

 In contrast to narrative reviews, systematic reviews are a more rigorous compilation of ev-

idence from the literature simply because the search strategy for finding and summarizing stud-

ies is clearly defined. By designing a well-structured protocol, the systematic review process 

is more objective in its appraisal of quality and the reader should have a greater  confidence in 

the conclusions of the review than other summaries of clinical evidence. Systematic  reviews 
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of different formats providing substantial evidence relevant to health care have become wide-

ly used and gained an important place in aiding clinical decision making across all fields of 

medicine. Although dentistry has been a little slower to adopt this  approach, many system-

atic reviews on dental topics are today a welcome addition to the dental literature. The litera-

ture relating to the use of CHX mouthrinses as anti-plaque & anti-gingivitis agents is immense 

and many narrative reviews have been published. So far, a systematic review on the effect of 

a CHX mouthrinse on plaque, gingival inflammation and staining was however lacking and is 

presented in chapter 7. 

 The format of the present review is based on the criteria of a Cochrane Review. The 

PubMed-MEDLINE, EMBASE, and Cochrane-CENTRAL were searched up to April 2011. 1355 

titles and abstracts provided 36 eligible publications in which CHX rinsing was combined with 

oral hygiene procedures. Not a single study in which only rinsing was performed without 

toothbrushing met the criteria of eligibility. In all the included studies rinsing with CHX was 

 always combined with regular oral hygiene procedures. The fact that the majority of studies 

combined CHX rinsing with the use of an SLS-containing dentifrice and that the majority of 

these studies show a positive effect of CHX on plaque control, support the findings of the 

SLS-CHX interaction studies, presented in chapter 2, 3 and 4. One study reported about the 

 difference in efficacy of a CHX with and without alcohol (Leyes Borrajo et al. 2002). In this 

study the alcohol-free rinse was as effective as the one containing alcohol in controlling 

plaque and gingivitis, which supports the results presented in chapter 5. As also stated in 

that same chapter, the data in the present review also show a significant reduction in plaque 

and gingivitis scores, in favour of a CHX rinse, irrespective of the concentration. No significant 

difference in the level of plaque, gingival inflammation or in the amount of stain was  observed 

in this review whether the subjects rinsed for  30, 45 or 60 seconds with chlorhexidine, which 

also confirms the findings presented in chapter 5. It can be questioned how long the evalua-

tion period has to be in order to be taken up in a systematic review of mouthrinses. Because 

mouthrinses are mostly prescribed for short periods and thus their efficacy over shorter 

 periods is of interest, studies with an evaluation period of at least 4 weeks were considered 

as valuable. According to Gunsolley (2006), short-term studies of less than 2 weeks can be 

used only to investigate the anti-plaque effect of a chemical agent. Intermediate trials (2 to 8 

weeks) can evaluate both the anti-plaque and anti-gingivitis efficacy of a product. However, 

the limitation of intermediate-length trials is that they may not reflect the efficacy and safety 

of the product nor patients’ compliance over a longer period of time. For this reason, the 
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American Dental Association (ADA, 2008) and the U.S. Food and Drug Administration (FDA 

2012) require a long-term study period of 6 months in their approval of a chemical agent 

(http://www.Fda.gov). Products that contain chemotherapeutic agents must comply with the 

ADA “Acceptance Program Guidelines for Chemotherapeutic Products for Control of Gingivitis 

(1997)”. However, mainly because of the esthetic problem and the perturbation of the taste, 

most practitioners do not recommend long-term use of CHX as a mouthrinse. Given therefore 

that mouthrinses with and without oral hygiene are also used and prescribed for short periods, 

their efficacy over shorter periods remains also of interest. Concerning “adjunctive” devices 

for controlling plaque and gingivitis, the ADA demands an evaluation period of at least 4 

weeks (see Acceptance Program Guidelines. Adjunctive Dental Therapies for the Reduction 

of Plaque and Gingivitis, March 2010). Consequently, in this review, for the evaluation of the 

anti-plaque and anti-gingivitis efficacy of a CHX rinse as an adjunct to regular oral hygiene, 

studies with an evaluation period of at least 4 weeks were included.  

 Data were extracted and a meta-analysis providing means and standard deviations 

for plaque and gingivitis were calculated, showing a significant weighted mean difference 

(WMD) for the Plaque Indices of Silness & Löe (1964) and Quigley & Hein (1962), for the 

BIeeding Index of Saxer & Mühlemann (1975) and for the Gingival Index (Löe & Silness 1963). 

In addition, a sub meta-analysis of studies with a low risk of the author’s estimated bias was 

performed for the Plaque Index of Quigley & Hein (1962) and for the Gingival Index (Löe & Sil-

ness 1963). All results were in favour of the CHX rinse compared to the control. There was no 

apparent difference between the results of meta-analysis and those of the sub meta-analysis 

of the low risk studies. Relative to the control the use of CHX attributed to a 33% reduction of 

plaque and a 26% reduction of gingivitis.

    In the present review, no study could be included which met the eligibility criteria where 

only rinsing was performed without mechanical oral hygiene. In all the included studies rinsing 

with CHX was always combined with regular oral hygiene procedures. Toothbrushing with the 

use of a dentifrice was performed in 26 of the 30 studies. Only two studies specifically reported 

that no dentifrice was used (# 2,15), while in two remaining studies no information about 

the use of dentifrice was provided (# 10,13). The fact that the majority of studies combined 

CHX rinsing with the use of a dentifrice and that 25 out of 29 of these studies show a positive 

 effect of CHX on plaque, is in itself surprising, since one of the most widely used  detergents 

in dentifrice is sodium lauryl sulphate (SLS). In vitro SLS and CHX have been shown to 

act as antagonists (Bonesvoll 1977, Barkvoll et al.1988). Ever since the 1980’s it has been 
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 recommended that the time between CHX rinsing and toothbrushing with an SLS-containing 

dentifrice should at least be 30 min, in order to avoid reduction in the anti-microbial effect 

of CHX. To optimise the efficacy of a CHX rinse, it has been suggested that toothbrushing 

with dentifrice should be suspended or toothbrushing should be performed with dentifrice 

formulations without antagonistic ingredients (Owens et al. 1997, Kohali et al. 2006). The 

results of this systematic review do not support the findings of these earlier studies. A likely 

explanation was provided by Van Strydonck et al. (2004a,b, 2006) who had previously ques-

tioned the effect of dentifrice in combination with normal toothbrushing. In a 4-day plaque 

accumulation model, they investigated the plaque-inhibition of a 0.2% CHX rinse in one jaw 

under the influence of toothbrushing with a 1.5% SLS-containing dentifrice in the opposite 

jaw. On the basis of their clinical results, it appeared that the anti-plaque efficacy of the 0.2% 

CHX mouthrinse was not reduced. Ordinary oral hygiene procedures involve a toothbrush 

and dentifrice to brush the teeth after which the dentifrice foam is expectorated and the oral 

cavity is rinsed with water. Following such a procedure, the interaction between CHX and SLS 

is probably minimal because most of the effects of the dentifrice ingredients are eliminated 

(Sjögren & Birkhed 1994). Expectoration and rinsing with water clears the oral cavity of most 

residual SLS dentifrice. A low intra-oral SLS-concentration is considered to be responsible for 

the observed absence of reduction in plaque inhibition when using a CHX rinse in combina-

tion with a dentifrice (Van Strydonck et al.2004a,b). 

 This review has limitations. Most importantly it is restricted to gingivitis patients. The 

various indications for the use of a CHX rinse have been stated by the Federal Food & Drug 

Administration (FDA 2012). These indications are: the use of CHX between dental visits as 

part of a professional programme for the treatment of gingivitis as characterised by redness 

and swelling of the gingivae including gingival bleeding upon probing, or the use in patients 

with adult periodontitis to reduce pocket depth. The present review focussed on gingivitis 

patients. This focus is particularly relevant because long-term gingivitis increases the risk of 

loss of attachment, and the prevention of gingival inflammation might reduce the prevalence 

of mild to moderate periodontitis (Lang et al. 2009). Although established destructive perio-

dontitis with pocket formation and subgingival plaque seems to be unaffected by CHX (Gjermo 

1977), a CHX mouthrinse could be used in the treatment of chronic periodontitis patients as 

an adjunct to scaling and root planing procedures to control supra-gingival plaque (Feres et 

al. 2009), during a supportive periodontal care programme for non-compliant periodontitis 

patients (Escribano et al. 2010), or for supra-gingival plaque control when conventional oral 
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hygiene is not possible, for instance following oral periodontal surgery (Duss et al. 2010, 

Newman & Addy 1978). Due to the large body of evidence presented in this review, these 

alternative indications were not addressed and may become part of future projects.

 A great effort has been made to address the quality assessment. Each article was 

 assessed according to 17 quality criteria (see appendix S2). However, only 7 out of the 17 

items were used to assess the potential risk of bias. The reason for using only a limited 

 number is that, by applying all 17 items, none of the studies would have had an acceptable 

risk of bias, which in turn would result in an over-estimation of the potential risk of bias. On 

the other hand the reader should have insight in all aspects that could affect bias and weigh 

the outcome of the systematic review against the interpretation of the risk of bias. With the 

exception of allocation concealment, these 7 items represent the Cochrane Handbook criteria 

for judging ‘risk of bias’ (Higgins & Green 2009).

 Allocation concealment is the one aspect of bias protection shown to have a great impact 

on bias (Pildal et al. 2007). Where a trial has unclear methods, e.g. for allocation conceal-

ment, it should be at best of moderate risk of bias. Therefore, looking at the included studies 

from this perspective there are only 3 studies with a low risk (# 1,12,16). For the appraisal of 

study quality (Table 6), allocation concealment was not considered as an item to estimate 

the risk of bias. Although the authors recognize that this is an important issue, they are also 

aware that reporting on allocation concealment in the dental literature has not been a critical 

item up until the recent past. Therefore, including this item would result in an overestimation 

of the risk of bias not reflecting study conduct but rather study report. It is, however, empha-

sized that for future studies researchers should provide information on this aspect, which 

is also an item on the CONSORT-statement (Schulz et al. 2010). On the other hand, a recent 

study has provided an interesting new insight (Kaptchuk et al. 2010). It assessed in a 3 week 

randomized controlled trial the effect of an open label placebo to no treatment on irritable 

bowel syndrome (IBS). The results show that even though the participants were fully aware 

that they were given placebo tablets still a significant improvement of the IBS symptoms was 

observed as compared to no treatment. Consequently, the absence of allocation concealment 

in the study did not prevent a placebo-effect.

 In conclusion, when a CHX mouthrinse is used in addition to oral hygiene procedures, a 

significant reduction in the plaque and gingivitis scores can be achieved in gingivitis patients. 

However, since staining remains an obstacle to the generalized use of CHX, rinsing with CHX 
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as an adjunct to toohbrushing may only be indicated when mechanical plaque control is com-

promised or difficult.   

 The present systematic review is part of a series of reviews that have addressed the 

 efficacy of various chemical agents in oral health care products for gingivitis patients. These 

include the use of Triclosan (Hioe 2005), Stannous-Fluoride (Paraskevas 2006), Essential 

Oils (Stoeken et al. 2007), Cetylpiridinium Chloride (Haps et al. 2008), Hexetidine (Afenich 

et al. 2010), and Hydrogen Peroxide (Hossainian et al. 2011). Addy et al (2007) evaluated on 

a systematic matter the effect of Delmopinol. With respect to plaque, Stoeken et al. (2007) 

using the same Quigley & Hein plaque index (1962) as in the present review, showed that 

the WMD for Listerine (Essential Oils) on plaque was 0.83 (95% 0.53-1.13). In the light of 

these results, one could conclude that the effect on plaque and gingivitis as established for 

CHX 0.67 (95%CI: 0.82-0.52) and Listerine in mouthrinses so far is the largest. However, for 

Listerine and CHX, the test for heterogeneity was statistically significant, which urges the 

reader to be careful with the exact measure of the outcome. If heterogeneity is observed in a 

meta-analysis, it reflects different behaviours of the study populations to the study product, 

differences in study designs and in all other factors that may influence the outcomes. Conse-

quently, the reader must take caution in using the WMD as the exact measure for the effect. 

On the other hand, the confidence intervals of the two weighted mean differences for both 

chemotherapeutics do overlap. This indicates that the effect probably lies in the same range. 

A recent systematic review (Van Leeuwen et al. 2011) is in support of this supposition and 

demonstrates that in long-term use, the standardized formulation of essential oils mouth-

wash is not different from a chlorhexidine mouthwash with respect to parameters of gingival 

inflammation. However, with respect to plaque scores, chlorhexidine provided better results.

 In conclusion, the work presented in this thesis clearly shows that the anti-plaque 

and anti-gingivitis preventive action of chlorhexidine is the gold standard among oral anti-

microbial preventive agents.  
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Conclusions

The SLS/CHX interaction studies show that the anti-plaque activity of 0.2% CHX mouth-

rinse is not reduced when immediately preceded or followed by toothbrushing with an SLS- 

containing dentifrice. The advice of using a dentifrice without SLS or inserting an interval of 

minimal 30 minutes between brushing with an SLS-containing dentifrice and rinsing with CHX 

is no longer applicable. 

The addition of alcohol in the mouthrinse vehicle solution does not appear to be necessary. If 

the dose (volume x concentration) and the rinsing time are respected, the efficacy on plaque 

inhibition and gingival inflammation of an alcohol-free mouthrinse (Perio-aid) and an alcohol-

containing mouthrinse (Corsodyl®) is comparable. Based on efficacy and taste perception, 

patients could freely choose which mouthwash they prefer. However, Corsodyl is registered 

as a drug and therefore subjected to a high level of control by authorities, which may favour 

its use.

In order to inhibit plaque accumulation and control gingivitis, there is no beneficial effect for 

twice daily brushing with a CHX-releasing toothbrush compared to brushing with an ordinary 

toothbrush. Brushing with the CHX-releasing toothbrush is also less efficient than brushing 

with an ordinary toothbrush followed by rinsing wit 0.2% CHX.   

In case of rinsing with CHX before or after toohbrushing during 30 seconds, an additional 

 reduction of 33% for plaque and 26% for gingivitis has been determined. This additional 

 effect may be less than what is generally expected by the dental practitionars. 

No data are available providing any evidence for the beneficial effect of a CHX rinse used 

alone as a monotherapy. Further research should focus on the development or improvement 

of a mouthrinse with enhanced anti-plaque effect and anti-gingivitis properties when used 

alone, while minimizing the well-known side-effects, especially the brown staining. 
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Algemene samenvatting en discussie

De onderliggende motivatie van deze thesis is het nagaan van het effect van chlorhexidine 

mondspoelmiddelen op gingivitis, een tandvleesaandoening die kan leiden tot parodontale 

afbraak. Voor de effectiviteit van chlorhexidine spoelmiddelen zijn er meerdere aspecten ter 

discussie gesteld.

De interactie tussen Chlorhexidine (CHX) en Natrium lauryl sulfaat (SLS): vriend of vijand?

Chemische plaquecontrole door middel van een CHX-mondspoelmiddel kan voor bepaalde 

bevolkingsgroepen nuttig zijn. Aanvullend op tanden poetsen, zou spoelen met CHX een 

 bij komende plaqueremming met zich mee kunnen brengen. Hoewel het gebruik van tand-

pasta niet noodzakelijk bijdraagt tot minder plaque, wordt tanden poetsen met gebruik van 

tandpasta traditioneel aanbevolen om tandverkleuringen tegen te gaan (Paraskevas c.s. 

2005). Een belangrijk ingrediënt van tandpasta is het detergent Natrium Lauryl Sulfaat (SLS). 

Uit de bestaande literatuur blijkt evenwel dat de werking van het cationische CHX molecuul 

(+), als actief bestanddeel van een CHX-mondspoelmiddel, snel gereduceerd wordt in de 

aanwezigheid van het anionische SLS-molecuul (-) die in het merendeel van de tandpasta’s 

voorkomt (Barkvoll et al. 1989). Het onderzoek dat gepresenteerd werd in de hoofdstukken 2, 

3 en 4 is geïnitieerd om duidelijkheid te scheppen in de mate van anti-plaque-effectiviteit van 

een CHX-mondspoelmiddel indien dit wordt gebruikt in combinatie met tanden poetsen met 

een SLS-bevattende tandpasta. 

 Aangezien gesuggereerd is dat SLS en CHX elkaar in de mond kunnen tegenwerken, 

geven tandartsen hun patiënten het advies om ofwel geen tandpasta te gebruiken, ofwel een 

tandpasta zonder SLS, of anders na het poetsen een interval in te lassen van minstens een 

half uur tot 2 uur vooraleer te spoelen (Barkvoll c.s.1989). Om tegemoet te komen aan de 

adviezen van hun tandarts, zijn patiënten genoodzaakt om een andere tandpasta te kopen 

of om voortdurend op de klok te kijken. Dit alles kan de therapietrouw en daardoor ook het 

resultaat van een parodontale behandeling in het gedrang brengen. Deze professionele raad-

gevingen, die dateren uit 1989, zijn evenwel gebaseerd op onderzoeksgegevens waarbij de 

tanden niet gepoetst werden met tandpasta, doch gespoeld met een “waterige tandpasta-

oplossing” (= een slurry). Om deze reden werd het anti-plaque-effect van het spoelen met 

CHX onderzocht in een serie van 3 studies waarbij naast spoelen met CHX ook daadwerkelijk 

gepoetst werd met een SLS-bevattende tandpasta. De resultaten van deze drie SLS POETS/

CHX SPOEL studies zijn beschreven in hoofdstuk 2, 3 en 4.
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 In alle drie de studies werd hetzelfde vier dagen durende onderzoeksmodel gebruikt. 

Hierbij werd één kaakhelft beschouwd als de “CHX-SPOEL-onderzoekskaak”, waarin niet 

 gepoetst werd, en de tegenoverliggende kaak als de “tandpastakaak”, waarin naast spoelen 

met CHX ook gepoetst werd met tandpasta. Vrij onverwacht bleek uit de eerste SLS/CHX studie 

met cross-over design waaraan 16 gezonde vrijwilligers zonder enige vorm van  supervisie 

spoelden met 0.2% CHX en poetsten met 1.5% SLS-bevattende tandpasta, dat er qua plaque-

remming geen enkel verschil was tussen de CHX SPOEL groep en de SLS POETS/CHX SPOEL 

groep. Een mogelijke verklaring voor dit resultaat zou een gebrek aan therapietrouw van 

de proefpersonen kunnen zijn. Daarom werd een tweede, ditmaal gesuperviseerde cross-

over studie opgezet met 35 vrijwilligers en 3 verschillende tandpasta’s met en zonder SLS. 

Ook de volgorde van poetsen en spoelen werd omgedraaid. Ook in deze studie werd ech-

ter qua plaqueremming geen enkel verschil gevonden tussen de groepen. Aangezien de 

resultaten van beide studies in tegenspraak waren met de bestaande literatuur, werd een 

derde gesuperviseerde SLS/CHX studie uitgevoerd, ditmaal met een parallel design en 120 

vrijwilligers die in 3 groepen werden ingedeeld. Eén groep spoelde alleen met 0.2% CHX. 

De tweede groep spoelde met 0.2% CHX en spoelde voorafgaandelijk met een tandpasta-

slurry, conform de oudere studies in de literatuur, terwijl de derde groep spoelde met 0.2% 

CHX, voorafgegaan door tandenpoetsen met een SLS-bevattende tandpasta. Ook in deze 

derde studie kon geen significant verschil worden vastgesteld in plaque-accumulatie tussen 

de CHX SPOEL groep en de SLS POETS/CHX SPOEL groep, hetgeen overeenkwam met de 

resultaten van de twee vorige studies. Wat betreft bloeding van het tandvlees was tussen 

beide onderzoeksgroepen ook geen verschil. Echter, wanneer het spoelen met 0.2% CHX 

werd voorafgegaan door spoelen met een SLS-tandpasta-slurry, was het anti-plaque effect 

van het CHX-mondspoelmiddel wel degelijk gereduceerd, wat overeenstemde met de resul-

taten uit oudere studies. Op  basis van bovenstaande resultaten kan worden geconcludeerd 

dat tandenpoetsen met een SLS-bevattende tandpasta het anti-plaque-effect van een 0.2% 

CHX mondspoelmiddel niet  beïnvloedt, ongeacht of het poetsen met tandpasta voorafgaat 

aan het spoelen of daarop volgt. De meest voor de hand liggende reden is dat tijdens het po-

etsen met een tandenborstel en tandpasta, de tandpasta wordt uitgespuwd en de mond met 

water wordt nagespoeld. Als gevolg hiervan is de interactie tussen SLS en CHX wellicht mini-

maal omdat de werkende bestanddelen van de tandpasta na het spoelen met water al snel 

uit de mond verdwenen zijn (Sjögren & Birkhed 1994). Met andere woorden, bij een normale 

mondhygiëne blijft waar schijnlijk slechts een hele lage SLS-concentratie in de mond achter.  
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In die gevallen waarbij het spoelen met 0.2% CHX werd voorafgegaan door spoelen met een 

SLS-slurry zonder  naspoelen met water,  blijft een veel hogere concentratie SLS in de mond 

achter die de werking van het CHX-mondspoelmiddel wel degelijk kan reduceren. 

De toevoeging van alcohol aan een CHX-mondspoelmiddel: de roes van de overwinning! 

Zoals aangegeven in de introductie van dit proefschrift, kan de toevoeging van alcohol een 

belangrijke rol spelen bij de formulering van mondspoelmiddelen. Een belangrijke hoeveel-

heid alcohol, variërend van 7% tot 27%, is aan mondspoelmiddelen toegevoegd als oplos-

middel voor het actieve bestanddeel, omwille van een versterking van de effectiviteit van 

het spoelmiddel, een langere houdbaarheid van het product en ook om in zekere mate het 

spoelen te veraangenamen (zie hoofdstuk 1). Alcohol heeft echter ook, in meer of mindere 

mate, een aantal vervelende eigenschappen. Het werkt dehydraterend en kan soms enig 

ongemak geven. Zo kan de mondmucosa bijvoorbeeld gevoelig zijn voor alcohol. Ook kan 

 alcohol de oppervlakte, hardheid en kleurstabiliteit van composiet restauraties aantasten. 

Andere  belangrijke aspecten van alcohol in mondspoelmiddelen zijn bijvoorbeeld de toxici-

teit bij inslikken, hetgeen een probleem kan zijn bij kinderen en alcoholverslaafden, en het 

 carcinogene effect in de mond bij het tegelijkertijd roken en drinken van alcohol. Wanneer een 

mondspoelmiddel correct wordt voorgeschreven, zijn laatstgenoemd risico’s wellicht miniem, 

maar dit voorkomt nog niet het gevaar voor zelfprescriptie en chronisch gebruik. Hoewel het 

wetenschappelijk bewijs voor bijwerkingen zwak is, of op dit ogenblik zelfs zo goed als niet 

bestaand, blijft de toevoeging van alcohol aan mondspoelmiddelen controversieel bij gebruik 

op langere termijn. Voornamelijk omwille van gezondheidsredenen, maar ook op basis van 

sociale gronden – inclusief religieuze bezwaren – en het feit dat alcohol ook bij uitademen 

kan worden waargenomen, stijgt de vraag naar alcoholvrije mondspoelmiddelen. Mogelijk 

hebben alcoholvrije mondspoelmiddelen ook minder bijwerkingen dan CHX.

  De vraag is echter wel of toevoeging van alcohol aan CHX-mondspoelmiddelen nood-

zakelijk is voor de goede werking ervan. Het antwoord op deze vraag is naar voor gebracht 

in hoofdstuk 5. Daar werd de plaqueremming van 2 commerciële mondspoelmiddelen met 

verschillende concentratie, volume, samenstelling (met en zonder alcohol) en spoeltijd met 

elkaar vergeleken. De resultaten tonen aan dat het effect van 2 x daags spoelen gedurende 

30 seconden met 15 ml van een 0.12% alcoholvrij CHX-mondspoelmiddel (Perio-aid®) qua 

plaqueremming vergelijkbaar is met dat van 2 x daags spoelen gedurende 60 seconden met 

10 ml van een 0.2% alcohol bevattend CHX-mondspoelmiddel (Corsodyl®). Dat 30 seconden 
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spoelen even effectief is als 60 seconden spoelen, bevestigt de bevindingen van Keijser c.s. 

(2003) en van Van der Weijden c.s. (2005). Dat voor beide spoeltijden hetzelfde effect op 

plaque wordt bereikt is allicht te wijten aan het feit dat ongeveer 50% van de CHX wordt vast-

gehouden in de eerste 15 seconden na het spoelen en ongeveer 75% in de eerste 30 seconden 

(Bonesvoll c.s.1974). Meer nog dan de concentratie lijkt de dosis (volume x concentratie) een 

belangrijke bijdrage te leveren tot de effectiviteit van een mondspoelmiddel. Concentraties 

van 0.12% CHX lijken even effectief als concentraties van 0.2% CHX op voorwaarde dat het 

 volume wordt verhoogd van 10 ml naar 15 ml, resulterend in een dosis van 18 mg bij iedere 

spoelbeurt. Echter, het 0.12% CHX-mondspoelmiddel (Perioaid®) bevat naast CHX ook 0.5% 

Cetyl Pyridinium Chloride (CPC). Bestaande evidentie suggereert dat mondspoelmiddelen die 

(CPC) bevatten en als aanvulling bij het poetsen worden gebruikt een geringe, maar  significante 

toegevoegde waarde hebben in relatie tot minder plaque-accumulatie en gingivale ontsteking 

(Haps et al. 2008). Daarom is het mogelijk dat de toevoeging van CPC het gebrek aan alcohol 

compenseert. 

 In tegenstelling tot andere studies die qua smaakperceptie geen significant verschil kon-

den aantonen tussen mondspoelmiddelen met en zonder alcohol (Quirynen c.s. 2001, Keijser 

c.s. 2005), toonde de studie in hoofdstuk 5 aan dat de proefpersonen de smaak van de 

 alcoholvrije CHX-oplossing verkiezen boven deze met alcohol, maar dat de nasmaak van het 

alcoholvrij spoelmiddel langer nawerkt in de mond. Men kan zich afvragen of dit te wijten is 

aan de lagere concentratie van CHX, de afwezigheid van alcohol, de aanwezigheid van CPC, 

de kortere spoeltijd of zelfs aan een combinatie van alle bovengenoemde factoren. Voor de 

betere nasmaak van het 0.2% CHX mondspoelmiddel kon geen verklaring worden gegeven. 

Aangezien het voordeel van alcohol in een mondspoelmiddel verwaarloosbaar is en het ef-

fect van een CHX-mondspoelmiddel op plaque-inhibitie meer afhankelijk is van de dosis dan 

van de concentratie alleen, zou het nuttig kunnen zijn om voor plaqueremming en gingivitis-

reductie eerder te spoelen met 15 ml van een 0.12% alcoholvrij middel (Perioaid®) dan met 10 

ml van een alcoholhoudend mondspoelmiddel (Corsodyl®). Aangezien de effectieve werking 

van beide mondspoelmiddelen op plaque en gingivitis dezelfde is, kan men besluiten dat, op 

grond van de smaakperceptie, de keuze tussen beide mondspoelmiddelen aan de voorkeur 

van de patiënt zelf kan worden overgelaten. 

 Met betrekking tot mondspoelmiddelen, kunnen naast effectiviteit, smaak en sociale 

 redenen, ook andere aspecten van belang zijn. In Nederland stelde het “Federaal Agent-

schap voor Geneesmiddelen en Gezondheidsproducten” (FAGG http://www.fagg-afmps.be/
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nl/fagg)” dat onder “geneesmiddel” wordt verstaan “elke enkelvoudige of samengestelde 

substantie met therapeutische of profylactische eigenschappen tot ziekten bij de mens of elke 

enkelvoudige of samengestelde substantie die door de mens kan worden gebruikt om fysio-

logische functies te herstellen, een farmacologisch, immunologisch of metabolisch  effect te 

verbeteren of te wijzigen, of om een medische diagnose te stellen”. Dit opent de discussie of 

een mondspoelmiddel als een geneesmiddel moet worden beschouwd. Het alcohol houdend 

mondspoelmiddel 0.2% (Corsodyl®), dat in hoofdstuk 5 is gebruikt als controle, is geïndiceerd 

voor preventie en controle van plaque, voor de behandeling van gingivitis simplex of ulcerosa, 

stomatitis prothetica, mond- en pharynxinfecties zoals stomatitis aphtosa,  can didiasis en 

als desinfectans bij parodontale chirurgie. Overeenkomstig deze indicaties, wordt Corsodyl® 

beschouwd als een geneesmiddel met de verplichte controle door de FAGG-autoriteiten. 

Dit is geheel in tegenstelling tot het vrije gebruik van het geteste 0.12% alcoholvrije 

mondspoelmiddel (Perioaid®), dat wordt gezien als een cosmetisch product. In tegenstelling 

tot een cosmetisch product moet een geneesmiddel aan tal van voorwaarden voldoen om 

te worden beschouwd als niet alleen een effectief maar vooral ook als een veilig product. 

Dit omvat voorwaarden met betrekking tot het productieproces, de verkoop, de distributie, 

de levering, het onderzoek, de ontwikkeling, de veiligheidsvoorschriften en de reclame. Om 

het product te beschermen tegen vocht, licht en lucht moet de verpakking aan alle FAGG-

vereisten  voldoen alsook de naam van het product vermelden, de dosis, de farmaceutische 

vorm, de naam van het bedrijf dat het product op de markt brengt, het licentienummer, het 

lotnummer, de vervaldatum, de samenstelling, de wijze van toediening en eventueel ook de 

specifieke bewaarcondities. Ook de halfwaardetijd en de vervaldatum worden nauwkeurig 

gecontroleerd. Dit betekent dat, hoewel Corsodyl® mogelijk het duurste mondspoelmiddel 

is, het nog steeds kan worden beschouwd als de gouden standaard, mede omdat het voldoet 

aan hoge kwaliteitsnormen.  

Het effect van een tandenborstel die CHX vrijgeeft: een hulpmiddel of een  gadget? 

Fabrikanten doen hun uiterste best om producten aan te bieden naar de wensen van consu-

menten en tandartsen. Naarmate de kennis aangaande tanden poetsen evolueerde, kwamen 

verschillende veranderingen tot stand. Voorbeelden hiervan zijn de coating van interdentale 

borstels of toevoeging van antibacteriële eigenschappen aan tandenborstels. De studie die 

in hoofdstuk 6 beschreven is, gaat na of het effect van tanden poetsen kan worden verhoogd 

door het gebruik van een tandenborstel die langzaam CHX afgeeft. Dit protype bevatte een 
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sjabloon in de kop van de tandenborstel dat CHX afgeeft wanneer het in contact komt met 

mondvloeistoffen. Dit systeem van CHX-afgifte zou ten opzichte van zuiver tanden poetsen 

het voordeel bieden van minder plaque en tandvleesontsteking terwijl ook de nevenwerkingen 

kleiner zouden zijn, de mondhygiëne beter en de therapietrouw groter. Het doel van deze 

studie was om uit te testen of poetsen met een tandenborstel die langzaam CHX afgeeft 

 effectiever werkt tegen plaquevorming en tandvleesbloeding in vergelijking met poetsen 

met een gewone tandenborstel in combinatie met spoelen met een CHX-mondspoelmiddel 

als positieve controle. Tevens is in deze studie gekeken naar de hoeveelheid tandverkleur-

ing, een welbekende bijwerking van CHX, en – niet minder belangrijk – naar mogelijk orale 

 afwijkingen. Aan dit onderzoek werkten 150 gezonde vrijwilligers mee. Na 6 weken gebruik 

werden ten opzichte van de controleborstel voor de experimentele CHX-tandenborstel geen 

verschillen in de orale weefsels vastgesteld en werd geen gunstig effect op de plaque remming 

noch op het voorkomen van verkleuringen vastgesteld. Terwijl onderzoekers voortdurend 

zoeken naar de meest voor de hand liggende, klinisch effectieve methode voor aanvullende 

chemische plaquecontrole, is het gebruik van een 0.2% CHX-mondspoelmiddel (in combina-

tie met  tanden poetsen) nog steeds de gouden standaard, ondanks de welbekende bruine 

verkleuringen. 

De resultaten van een systematisch literatuuroverzicht over CHX-mondspoelmiddelen: 

spoelen of niet spoelen, dat is de hamvraag!   

In hoofdstuk 7 wordt op basis van een systematische analyse van de literatuur de klinische 

werking van CHX-mondspoelmiddelen bij gingivitispatiënten onderzocht. 

Archie Cochrane (1909-1988), een Brits epidemioloog en stichter van de Cochrane Collabora-

tion, pleitte voor het gebruik van gerandomiseerde, gecontroleerde studies als betrouwbare 

bron in de gezondheidszorg. Hij stelde in 1979: “het is zeker een belangrijk punt van kritiek 

op onze professie dat wij niet in staat zijn geweest om, per vakgebied, regelmatig een  kritisch 

literatuuroverzicht te geven van alle relevante gerandomiseerde, gecontroleerde studies” 

(Cochran 1979). Zijn inspanningen oogstten succes en resulteerden in tal van “Cochrane 

Systematic Reviews” (SR = systematische overzichten) van hoge kwaliteit die gepubliceerd 

werden onder de strenge leiding van de Cochrane Collaboration. In een SR zijn alle studies 

over een bepaald onderwerp systematisch geïdentificeerd, kritisch beoordeeld en samen-

gevat op basis van expliciete en reproduceerbare methoden. De onderliggende gedachte is 

dat standaardisatie, transparantie van de door de auteurs gebruikte methoden en inclusie 
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van beschikbare studies die aan de vereiste criteria beantwoorden de kans op eventuele 

vooringenomenheid verkleinen. 

 In tegenstelling tot andere samenvattingen van de vakliteratuur, is een SR een strengere 

compilatie van wetenschappelijk bewijs uit die literatuur, eenvoudigweg omdat de zoek strategie 

voor het vinden en samenvatten van studies duidelijk en expliciet gedefinieerd is. Door gebruik 

te maken van een gestructureerd protocol, is een SR objectiever bij het beoordelen van de 

kwaliteit van de studies en zou de lezer meer vertrouwen moeten hebben in de conclusies 

dan bij  andere literatuuroverzichten het geval is. SR’s met op verschillende wijze  ingevoerde 

 gegevens hebben belangrijke informatie gegenereerd voor de gezondheidszorg, worden 

wijd en zijd gebruikt en nemen een belangrijke plaats in bij klinische besluitvorming in alle 

 domeinen van de geneeskunde. Hoewel de tandheelkunde iets trager is geweest in het zich 

eigen maken van deze benadering, vormen vele SR’s over tandheelkundige onderwerpen 

vandaag de dag een welkome toevoeging op de tandheelkundige vakliteratuur. De literatuur 

over CHX-mondspoelmiddelen als anti-plaque- en anti-gingivitismiddellen, neemt onder-

tussen  fabelachtige proporties aan en tal van samenvattingen werden gepubliceerd. Tot op 

heden, ontbrak echter een SR over het effect van een CHX-mondspoelmiddel op plaque, tand-

vleesontsteking en verkleuringen. Om in deze leemte te voorzien, werd hierover een SR uit-

gevoerd, beschreven in hoofdstuk 7. 

     De samenstelling van het overzicht is gebaseerd op de criteria van een Cochrane SR. De 

Medline en het Cochrane Centraal Register van Gecontrolleerde Studies werden doorzocht tot 

juni 2011. Een totaal van 1355 titels en abstracts leverde 36 in aanmerking komende publica-

ties op waarin spoelen gecombineerd werd met tanden poetsen. Geen enkele studie waarin 

alleen gespoeld werd zonder te poetsen voldeed aan de selectiecriteria. In alle geïncludeerde 

studies werd spoelen met CHX altijd gecombineerd met de gebruikelijke procedure van het 

tanden poetsen. Het feit dat het merendeel van de studies spoelen combineert met poetsen 

met een SLS-bevattende tandpasta en dat het overgrote deel van deze studies een positief ef-

fect tonen van CHX op de controle van de plaque, bevestigen de bevindingen van de SLS-CHX-

interactiestudies, beschreven in hoofdstuk 2, 3 en 4. Een enkele studie rapporteerde over het 

verschil in effectiviteit tussen een CHX-mondspoelmiddel met of zonder alcohol (Leyes Borra-

jo c.s. 2002). In deze studie is de werking van het CHX-mondspoelmiddel zonder alcohol even 

effectief tegen plaque en gingivitis als het mondspoelmiddel dat wel alcohol bevat, hetgeen 

de bevindingen van hoofdstuk 5 bevestigt. Zoals ook aangegeven in ditzelfde hoofdstuk 5 blijkt 

uit de uitgevoerde SR eveneens dat een CHX-spoelmiddel een significant reducerend  effect 
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heeft op plaque en gingivitis, ongeacht de concentratie van het mondspoelmiddel. Er kon 

ook geen verschil worden vastgesteld in plaque en gingivitis of in de graad van ver kleuring 

indien de proefpersonen met CHX spoelden gedurende 30, 45 of 60 seconden, wat alweer de 

conclusie van hoofdstuk 5 bevestigt. Men kan zich ook afvragen hoe lang de evaluatie periode 

moet zijn om in een SR van mondspoelmiddelen te mogen worden opgenomen. Echter, sinds 

mondspoelmiddelen enkel voor korte periodes worden voorgeschreven en hun effectiviteit 

dus ook over kortere perioden van belang is, worden studies met een duur van 4 weken even-

eens beschouwd als waardevol. In overeenstemming met Gunsolley (2006) kunnen minder 

lange studies van 2 weken gebruikt worden om het anti-plaque-effect van een chemisch prod-

uct te onderzoeken. Studies van matig lange duur (2-8 weken) kunnen zowel het anti-plaque-

effect als het anti-gingivitis-effect van een product evalueren. De beperking van deze matig 

lang  durende studies is echter dat zij niet het effect en de veiligheid van het product noch de 

therapietrouw van patiënten over een langere periode weergeven. Daarom eisen de American 

Dental Association (ADA,2008) en de U.S. Food and Drug Administration (FDA, 2012) voor 

een eventuele goedkeuring van een chemisch product, langetermijnstudies van minimaal 6 

maanden (http:/www.Fda.gov). Producten die chemotherapeutische middelen bevatten moet 

voldoen aan de ADA “Acceptance Program Guidelines for Chemotherapeutic products for the 

Control of Gingivitis (1997)”. Echter, voornamelijk omwille van esthetisch bezwaren inzake 

verkleuring en omwille van de slechte smaak, bevelen de meeste behandelaars het gebruik 

van CHX op lange termijn niet aan. Aangezien mondspoelmiddelen met en zonder tanden 

poetsen ook worden voorgeschreven voor kortere periodes, is ook hun effect op korte termijn 

van belang. Met betrekking tot ‘aanvullende’ middelen om plaque en gingivitis onder controle 

te houden, vraagt de ADA een evaluatieperiode van minstens 4 weken (zie Acceptance Pro-

gram Guidelines for Adjunctive Dental Therapies for the Reduction of Plaque and Gingivitis 

March 2010). Dientengevolge zijn in de onderhavige SR voor de beoordeling van het anti-

plaque- en anti-gingivitis-effect van een CHX-mondspoelmidddel dat gebruikt wordt als aan-

vuling aan tanden poetsen, ook studies met een evaluatieperiode van 4 weken opgenomen.  

 De gegevens werden geëxtraheerd en een meta-analyse van gemiddelde waarden en 

standaarddeviaties voor plaque en gingivitis werden berekend. Dit resulteerde in een sig-

nificant verschil in Gewogen Gemiddelden voor de plaque-indexen van Silness & Löe (1964), 

van Quigley & Hein (1962), voor de Bloedingsindex van Saxer & Mühlemann (1975) en voor 

de Gingival Index (Löe & Silness 1963). In tweede instantie werd een ook sub-meta-analyse 

voor de Plaque Index van Quigley & Hein (1962) en voor de Gingival Index (Löe & Silness 
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1963) uitgevoerd van studies met een laag risico tot vooringenomenheid. Alle resultaten 

waren in het voordeel van het CHX-mondspoelmiddel ten opzichte van de controles. Er was 

geen  verschil tussen de resultaten van de meta-analyse en die van de sub-meta-analyse van 

de laag- risico-studies. In vergelijking met de controlegroep, was er in de CHX-groep een bij-

komende  reductie van de plaque 33% en van de gingivitis 26%. 

 In de huidige SR werd geen enkele studie opgenomen waarbij alleen gespoeld werd met 

CHX zonder bijkomend tanden poetsen. In alle studies die in deze SR werden opgenomen, 

werd spoelen met CHX altijd gecombineerd met tanden poetsen. In 26 van de 30 geïncludeerde 

studies werd bij het poetsen ook gebruikgemaakt van tandpasta. Slechts in twee studies 

werd specifiek vermeld dat er geen tandpasta gebruikt werd (# 2,15), terwijl de twee rester-

ende studies geen enkele informatie over het gebruik van tandpasta verstrekten (#10,13). 

Het feit dat het merendeel van de studies het spoelen met CHX combineerde met het gebruik 

van tandpasta, en dat 25 van de 29 studies een positief effect van CHX op  plaqueremming 

konden aantonen, is op zich verwonderlijk, aangezien een van de meest ge bruikte detergentia in 

tandpasta natriumlaurylsulfaat (SLS) is. Uit “in vitro” studies is namelijk gebleken dat SLS 

en CHX een antagonistische werking hebben (Bonesvoll 1977, Barkvoll et al.1988). Sinds de 

jaren 1980 werd om deze reden alom geadviseerd dat de tijd tussen spoelen met CHX en poet-

sen met een SLS-bevattende tandpasta tenminste 30 minuten moest zijn om inhibitie van het 

antimicrobiële effect van CHX te vermijden. Om de werking van een CHX-mondspoelmiddel 

te optimaliseren, werd gesuggereerd om het gebruik van tandpasta op te schorten of om de 

tanden te poetsen met een tandpasta zonder antagonistische bestanddelen (Owens c.s.1997, 

Kohali c.s. 2006). De resultaten van de huidige SR ondersteunen de bevindingen van deze 

vroegere studies evenwel niet. Een mogelijke verklaring werd gegeven door Van Strydonck 

c.s. (2004a, b, 2006), die het effect van tandpasta bij tanden poetsen in vraag stelde. Op 

basis van een vierdaags plaque-accumulatiemodel, werd de plaqueremming van een 0,2% 

CHX-mondspoelmiddel in één kaak onder invloed van tanden poetsen met een 1.5% SLS-

bevattende tandpasta in de tegenovergestelde kaak onderzocht. Op basis van de klinische 

resultaten bleek dat de anti-plaque werking van een 0.2% CHX-mondspoemiddel niet was 

verminderd. Dagelijks tanden poetsen gebeurt met een tandenborstel en tandpasta waarna 

men de tandpasta uitspuwt en de mond met water spoelt. Na een dergelijke procedure is de 

interactie tussen CHX en SLS waarschijnlijk minimaal omdat het merendeel van de tandpasta 

geëlimineerd wordt (Sjögren & Birkhed 1994). Door het uitspuwen en het naspoelen met water 

blijven er dus weinig SLS-resten in de mond achter. Een lage concentratie van SLS in de mond-
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holte lijkt derhalve verantwoordelijk voor het uitblijven van een verminderde  plaqueremming 

van een CHX-mondspoelmiddel waneer spoelen met poetsen met tandpasta wordt gecom-

bineerd (Van Strydonck et al.2004 a, b).

 De onderhavige SR heeft echter ook zijn beperkingen, met name omdat het uit-

sluitend patiënten betreft met gingivitis. Diverse indicaties voor het gebruik van een CHX-

mondspoelmiddel werden evenwel naar voor gebracht door de federale Food & Drug 

Administration (FDA 2012). Deze geeft aan dat het gebruik van CHX tussentijds is aangewezen 

bij de  behandeling van tandvleesontstekingen die gekenmerkt worden door roodheid en 

zwelling van het tandvlees en bloeding bij sonderen. Spoelen met CHX zou ook zinvol zijn 

voor patiënten met parodontitis teneinde de pocketdiepten te reduceren. Het focussen op 

gingivitispatiënten is weliswaar bijzonder relevant aangezien een aanhoudende gingivitis de 

kans op aanhechtingsverlies rondom de gebitselementen verhoogt. Preventie van gingivale 

ontsteking kan er op die manier voor zorgen dat milde tot matige parodontitis minder 

voorkomt (Lang c.s. 2009). Ook al heeft het gebruik van een CHX-mondspoelmiddel geen 

invloed op een paro dontitis die zich manifesteert door diepe pockets en subgingivale plaque 

(Gjermo 1977), kan het bij parodontitispatiënten ook gebruikt worden als aanvulling van de 

initiële behandeling om de supragingivale plaque onder controle te houden (Feres c.s. 2009). 

Een CHX-mondspoel middel kan ook zinvol zijn tijdens de nazorgfase bij weinig gemotiveerde 

parodontitis patiënten  (Escribano c.s. 2010) of na een chirurgische ingreep in de mond 

wanneer het onder controle houden van de supragingivale plaque met de gebruikelijke 

mondhygiënemiddelen belemmerd wordt (Duss c.s. 2010, Newman & Addy 1978). Mede door 

de overweldigende hoeveelheid bewijsmateriaal die deze SR biedt, werd het effect van CHX 

in deze alternatieve situaties hier niet onderzocht, doch dit punt komt wel in aanmerking voor 

toekomstige onderzoeksprojecten.

 Grote inspanningen werden geleverd bij de kwaliteitsbeoordeling van de studies die in 

deze SR zijn opgenomen. Elke studie werd kwalitatief beoordeeld op basis van 17 criteria 

(zie bijlage S2). Echter, slechts 7 van de 17 criteria werden gebruikt om het risico op voor-

ingenomenheid (bias) n te schatten. De keuze om slechts een beperkt aantal criteria (=7) 

op te nemen, heeft als reden dat in het geval dat alle 17 kwaliteitscriteria in acht genomen 

zouden worden, geen enkele studie een aanvaardbaar risico op bias zou hebben. Hierdoor zou 

het mogelijke risico op bias aanzienlijk overschat worden. Hoewel de lezer wel inzicht moet 

krijgen in alle aspecten die het risico op bias kunnen beinvloeden, moet hij ook de resultaten 

van de SR kunnen afwegen tegen de interpretatie van de kans op bias. Met uitzondering  van 
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“het verzwijgen van toewijzing” met name voor randomisatie, het zogenaamde “allo cation 

concealment”, worden in het Cochrane Handboek ook deze 7 kwaliteitscriteria  gehanteerd 

(Higgins & Green 2009). “Verzwijgen van toewijzing” is echter een belangrijk  aspect om bias 

te voorkomen (Pildal c.s. 2007). Indien een studie een onduidelijke onderzoeksmethode 

heeft zoals bijvoorbeeld omtrent het  “verzwijgen van toewijzing”, wordt de studie, in het 

beste geval, beschouwd als een studie met “matig” risico op bias. Vanuit dit opzicht zijn er 

in deze SR slechts 3 studies met “laag” risico op bias (# 1,12, 16). In deze SR werd voor het 

bepalen van de studiekwaliteit (tabel 6) geen rekening gehouden met “het verzwijgen van 

toewijzing”. Hoewel de auteurs toegeven dat dit kwaliteitsaspect belangrijk is, zijn ze zich 

ook bewust van het feit dat de rapportering ervan in tandheelkundige literatuur slechts vrij 

recent wordt toegepast. Dit aspect meenemen als kwaliteitscriterium bij de beoordeling van 

studies opgenomen in een SR zou resulteren in een overschatting van de kans op bias. Dit 

zou dan minder zeggen over de manier waarop de studie werd uitgevoerd dan eerder over de 

manier waarop ze werd gerapporteerd. Toch is het belangrijk dat bij toekomstig onderzoek de 

onderzoekers wel degelijk informatie over dit aspect verschaffen. Op de CONSORT-checklist 

wordt dit kwaliteitscrierium inmiddels ook vermeld (Schulz et al. 2010). 

 Anderzijds heeft een recent artikel een interessant aandachtspunt naar voor  gebracht 

(Kaptchuk c.s. 2010). In een 3-weken durende, gerandomiseerde, gecontroleerde studie 

over de behandelrespons bij het Prikkelbare Darmsyndroom (IBS) werd gebruik gemaakt 

van een testproduct met label waarop zichtbaar het woord “placebo” vermeld stond. Hoewel 

de deelnemers zich ten volle bewust waren dat ze placebotabletten kregen, kon toch een 

aanzienlijke verbetering van de IBS-symptomen worden waargenomen in vergelijking met 

de controlegroep van deelnemers die geen behandeling kregen. Zelfs het ontbreken van 

 “ver zwijging van toediening” kon het beoogde placebo-effect niet voorkomen. 

 Samenvattend, als een CHX-mondspoelmiddel gebruikt wordt als aanvulling op het 

 poetsen bij gingivitispatiënten, krijgt men een significante daling van de plaque- en gingivitis-

scores. Echter, zolang verkleuringen een hinderpaal blijven vormen voor het algemeen 

 gebruik van CHX in deze patiëntengroep, is spoelen met CHX voor of na het tanden poetsen 

enkel geïndiceerd als mechanische plaquecontrole lastig, moeilijk of onmogelijk is. 

 De huidige SR maakt deel uit van een reeks SR’s die handelen over de effectiviteit van 

meerdere mondverzorgingsproducten bij gingivitispatiënten. Deze omvatten Triclosan (Hioe 

2005), Tin-fluoride (Paraskevas 2006), essentiële oliën (Stoeken c.s. 2007), CPC (Haps c.s. 

2008), Hexetidine (Afenich c.s. 2010) en zuurstofwater (Hossainian c.s. 2011). Addy c.s. 
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(2007) evalueerde op systematische wijze het effect van Delmopinol. Wat het effect op plaque 

betreft, gebruikte Stoeken c.s. (2007) de Quigley & Hein Index (1962), die ook in de huidige 

CHX-SR gebruikt werd. Stoeken toonde aan dat het Gewogen Gemidddelde Verschil (GGV) 

voor Listerine (een Essentiële Olie) ten opzichte van een controle 0.83 is (95%CI: 0.53-1.13). 

Dit GGV is hoger dan de 0.67 van CHX (95%CI: 0.82-0.52). In het kader van de huidige resul-

taten kan men concluderen dat het effect van CHX en Listerine op plaque en gingivitis tot op 

heden het grootst is van alle mondspoelmiddelen. Echter, voor CHX en Listerine is de test voor 

heterogeniteit statistisch significant, wat de lezer moet aanzetten om deze resultaten met 

enige voorzichtigheid te interpreteren. Indien in een meta-analyse heterogeniteit wordt vast-

gesteld, duidt dit op afwijkend gedrag binnen de onderzoeksgroep, op verschillen in studie 

design en in alle overige factoren die het eindresultaat kunnen beïnvloeden. Bijgevolg moet 

de lezer voorzichtig omgaan bij het gebruik van het GGV om een effect af te meten. Ander-

zijds overlappen de betrouwbaarheidsintervals van het Verschil in Gewogen Gemiddelden 

van beide chemische producten elkaar, wat betekent dat het effect van beide waarschijn-

lijk in dezelfde grootte-orde ligt. Een recente SR uitgevoerd door Van Leeuwen c.s. (2011) 

ondersteunt deze veronderstelling en toont aan dat op lange termijn het effect op gingivale 

ontsteking van een mondwater met essentiële oliën (Listerine) nauwelijks verschilt van het 

effect van een mondwater op basis van CHX. Met betrekking tot plaquescores, gaf het CHX-

mondspoelmiddel evenwel betere resultaten. 

Tot slot kan men stellen dat het werk gepresenteerd in deze thesis duidelijk aangeeft dat de 

preventieve anti-plaque- en anti-gingivitiswerking van CHX de gouden standaard is en blijft en 

qua effectiviteit nog steeds de voorkeur geniet boven alle andere preventieve antimicrobiële 

mondspoelmiddelen.
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Conclusies

•  De SLS/CHX-interactiestudies tonen aan dat de anti-plaquewerking van een 0.2% CHX-

mondspoelmiddel niet vermindert indien het spoelen voorafgegaan of gevolgd wordt 

door tanden poetsen met een SLS-bevattende tandpasta. De aankoop van een tandpasta 

zonder SLS of inlassing van een interval van minimaal 30 min tussen poetsen met een 

SLS-rijke tandpasta en spoelen met CHX is niet meer van toepassing. 

• Het voordeel van alcohol in een mondspoelmiddel is verwaarloosbaar. Als rekening 

wordt gehouden met de dosis (volume x concentratie) en de spoeltijd is de effectiviteit van 

een alcoholvrij mondspoelmiddel (Perioaid®) en een alcoholhoudend mondspoel middel 

(Corsodyl®) op plaqueremming en tandvleesontsteking vergelijkbaar. Op grond van 

 effectiviteit en smaakperceptie kunnen patiënten zelf bepalen welk mondspoelmiddel 

zij verkiezen. Echter, Corsodyl® is een geregistreerd geneesmiddel en dus onderworpen 

aan een strenge controle door de overheid, hetgeen ten gunste is van het gebruik van 

dit middel.  

• Om plaquevorming te remmen en gingivitis onder controle te houden, heeft 2 x daags 

poetsen met een tandenborstel die langzaam CHX vrijgeeft geen bijkomend voordeel 

ten opzichte van tanden poetsen met een gewone borstel en is dit beduidend minder 

 efficiënt dan poetsen met een gewone tandenborstel gevolgd door spoelen met 0.2% CHX.

• Dertig seconden spoelen met CHX, voor of na het tanden poetsen, geeft 33% meer 

 plaquereductie en 26% minder gingivitis. Dit is mogelijk minder dan algemeen verwacht 

wordt in de tandheelkundige wereld.

• Er zijn geen gegevens beschikbaar over CHX-mondspoelmiddelen die alleen als mono-

therapie worden gebruikt. Verder onderzoek moet focussen op de ontwikkeling en/of 

verbetering van mondspoelmiddelen die, wanneer zij alleen worden gebruikt, een betere 

anti-plaque- en anti-gingivitiswerking tot gevolg hebben en waarbij de welbekende 

neven-effecten zoals de bruine verkleuringen minimaal zijn. 
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A

Gedicht

Ik heb gevolgd. Ik heb geleid. 

Ik heb gezien. Beleefd. Getrild. 

Ik ben aan het denken geweest. 

Ik heb geschreven. Geschrapt. Geschrapt. Herschreven.

Ik heb gevoeld. En goed bedoeld.

Ik heb gehoord en verwoord. 

Ik heb gelezen.  

Ik heb verwacht. Ik heb gegeven. 

Ik heb gevoeld. Gemist. Geblust. 

Ik ben aan de slag geweest.

Ik heb gedacht. Gevraagd. Gevraagd. Herlezen.  

Ik heb gerend. En goed gekend. 

Ik heb verdoofd en geloofd.   

Ik heb beloofd.  
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Gedicht

Ik heb gezegd. Ik heb gesproken. 

Ik heb gezet. Geoefend. Gedaan

Ik ben aan het bouwen geweest. 

Ik heb gemeten. Hermeten. Hermeten. Gescoord.

Ik heb geteld. En vermeld.

Ik heb gekleed en gezweet.  

Ik heb geweten. 

Ik heb geleerd. Ik heb afgeleerd. 

Ik heb verzacht. Verwacht. Gewacht. 

Ik ben aan het groeien geweest. 

Ik heb getwijfeld. Gekozen. Gekozen. Getwijfeld. 

Ik heb geroepen. En gehuild. 

Ik heb gevoed en opgevoed. 

Ik heb geleefd.

 DAC Van Strydonck 2012
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A

Dankwoord 

“Een proefschrift is een fantastische, leerzame ervaring, die zowel binnen al buiten de 

wetenschap prima van pas komt”

Dear friends et al. …,  

Jullie trein der vriendschap staat regelmatig stil en pikt me op als ik even van de wetenschap 

af wil. Onze vriendschap is gezellig, deelt de goede dingen, wordt versterkt door het verdriet  

dat we samen beleefden, houdt ons bij elkaar, steunt in moeilijke tijden en zorgt ervoor  dat 

mijn lege batterijen tijdig worden opgeladen. Im Grunde sind er immer die Verbindungen mit 

Menschen, die dem Leben seinen Wert geben (Wilhelm von Humboldt).

Philippe,                                                                                                                                                                                                                                             

Hoe toepasselijk is nog steeds de tekst op onze huwelijksaankondiging alweer 37 jaar 

geleden: “Een mens is een bron van mogelijkheden, een mens is een kristal van kansen”. 

Als continue bron van mijn mogelijkheden, leverancier van al mijn kansen, bestuurder van al 

mijn twijfels, heb je me gedragen het hele proefschrift lang.  Zonder je professioneel inzicht, 

je uitstekende computerkennis met voorliefde voor Excel tabellen,  en je onvoorwaardelijke 

liefde, zou promoveren misschien ook wel gelukt zijn, maar met minder gelukkige momenten, 

minder nachtrust,  minder  tijd voor kinderen  en  kleinkinderen en  heel wat minder vakantie.  

Fridus, Ubele                                                                                                                                                                                                                                              

Mensen groeien tot sterke, prachtige bomen die hun takken nauw met elkaar verbinden tot 

het bijna onmogelijk is om te zien waar de ene begint en de andere stopt. Ik zou jullie hier-

bij willen eren als perfecte promotors. Jullie hadden altijd tijd voor me, lazen mijn stukken 

 razendsnel door, gaven adequaat commentaar, motiveerden en combineerden op wonder-

baarlijke wijze de rollen van beoordelaar, coach en vriend. Jullie weten dat Ik de vogeltjes 

‘s morgens vaak heb horen fluiten. Ik beken: soms heb ik enkele uren gewacht om mijn 

zoveelste nachtversie door te sturen. Jullie waakten immers niet alleen over mijn geestelijke 

groei, maar ook over mijn gezondheid en mijn levenskwaliteit!
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Mark

Je liefde voor paardjes, haalde het plots van je Acta liefde voor p-value’s en SD’s, maar wie 

schrijft, die blijft en wie rekent ook. Vier van de vijf onderzoek hier beschreven, dragen dan 

ook je stempel en herinneren aan een periode van leuke kennismaking en intense samen-

werking. Geen uitdraai was je teveel op welk uur of dag ook. Ik weet zeker dat je aan onze 

 systematic review ook veel plezier zou beleefd hebben. Gelukkig blijven onze contacten 

bestaan en gezien ons landje zo bij jou in de smaak valt, is statistische de kans groot dat we 

samen nog veel gezellige momenten tegemoet gaan. 

Dagmar Else                                                                                                                      

De Weighted Mean Difference (WMD) van al onze leuke momenten samen raakt de middellijn 

niet en is bijgevolg significant!                                                                           

De laat-avond pizza met lauwe rode wijn in een witte plastic beker, na de eindeloze getallen 

van hoofdstuk 7 en je zoveelste meta-analyse, was het begin van onze vriendschap. Je vele 

telefoontjes, regelmatige bezoeken bij ons thuis, en samen shoppen, zijn het blijvend bewijs 

ervan. 

Monique                                                                                                                      

Je bent mijn ACTA-vriendin van het eerste uur, nu reeds 17 jaar geleden. Naast je perfecte 

All-in One combinatie van wetenschapper, gastvrouw, moeder, vriendin, hoofd patiëntenzorg 

Acta, en nu recent ook voorzitter van de Nederlandse Vereniging voor Parodontologie, heeft 

ook je organisatie talent met “de dames” van “Pauw” zijn vruchten afgeworpen en heeft je 

perfecte zin voor timing me tijdig herinnerd aan alle deadlines die bij dit proefschrift horen.
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Judith                                                                                                                      

De tevredenheid die je uitstraalt is weinig mensen gegeven en je zin voor humor hebben me 

geleerd om bij het schrijven van dit proefschrift ten gepaste tijde te relativeren. Je kennis 

en je wetenschappelijke nieuwsgierigheid naar het effect van mondspoelmiddelen hebben 

me inhoudelijk klaar gestoomd voor de verdediging . Als mijn verhaal nog zou kunnen bij-

dragen tot een betere levenskwaliteit van jouw oncologische patiëntengroep, zou natuurlijk 

mooi meegenomen zijn. In ons aller Churwalden kunnen we daarover binnenkort nog uren 

 debatteren en lekker samen genieten van onze vriendschap en gemeenschappelijke passies 

inclusief de heerlijke tomatensoep van “Die Alte Mühle”. Ik kan nu ook wat langer blijven.

Nicholas, Jonathan en Kim

Jullie chemische arbeidsvreugde werkte aanstekelijk en was mijn drijfveer als het mechanisch 

wat minder ging.

Jonathan, je aanzetzinnetje in mijn gsm “Iets te moeilijk, dan heb je te lang nagedacht”, leidde 

tot de efficiëntie die voor dit proefschrift nodig was. Je zang wordt een streling in  Luther’s oor.

Nicholas, ons ontlasten van alle grote praktijkbeslommeringen en je zien groeien tot een 

 gedreven, volwaardige opvolger en bedrijfsleider, maakte dat ik zorgeloos kon doorgaan met 

het schrijven van dit proefschrift.                                                                  

Kim, je bekommernissen om mij te verlossen van diverse lumbago’s, je kookkunst als onze 

ijskast leeg was en je tijdige memo’s dat het einde van dit proefschrift in zicht was, hebben 

hun weldoend effect gehad. 

Maxim, Alexander                                                                                                          

Waar ik het meest fier op ben, is om een “promoverende oma” te zijn. Ik kon het  jullie toch 

niet aandoen dat jullie later aan vrienden moesten vertellen dat “Omi” het ergens onderweg 

had opgegeven.  
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Papa                                                                                                                          

Wat had ik je er graag fysiek bij gehad vandaag, nu mijn grote werk als “je eeuwige student” 

klaar is. Een proefschrift schrijven doe je wel niet in 1 dag. Je grenzeloos doorzettingsvermogen 

is de rode draad doorheen dit wetenschappelijk verhaal. Mijn liefde voor cijfers en besluiten 

klinkt als een geschiedenis die zich herhaalt. Je zou zoals altijd de hemel weer afwijzen , want 

deze promotie zou voor jou alweer een paradijs op aarde zijn. 

Mama                                                                                                                           

Ook ik geloof in de kracht van je vrolijke genen en bewonder je dappere zelfstandigheid in 

deze moeilijke maanden.

Cecile, Wouter, Filip                                                                                                                

Schilderkunst, grafisch vormgeving en literatuur. Ik kom er steeds meer achter dat het niet 

om techniek en zinnen alleen gaat. Het gaat om passie.

And last but not least, 

Bruno, Frank, Hugo, Cor, Bob en Mark                                                                                          

Zonder experten die bereid zijn om te lezen, geen beoordelingscommissie, geen promotie en 

ook geen feestje !

Ik dank jullie allen dan ook van harte voor al het goede dat me overkomt zodat 
ik deze promotie als een fantastisch, leerzaam moment kan beleven. 
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Curriculum Vitae

PERSONAL 

Name Daniëlle Van Strydonck 

Date of Birth July 27th, 1951

Place of Birth Schoten, Prov. Antwerp, Belgium (BE)

Marital status Married (Philippe Demoor), two sons (Nicholas and Jonathan) 

EDUCATIONAL 

1963-1969  High School (Old classics), Vita & Pax College, Schoten (BE)

1969-1975  Dentistry, University of Gent (BE)

1985-1991 Postgraduate training in Periodontology fixed Prosthesis & Cranio-man-

dibulair disorders, University of Gent (BE)

1996-1999 EFP postgraduate programme ACTA (NL)

 Diploma in Periodontology 

 Master of Science in Periodontology (MSc) 

 Internship: Praktijk voor Parodontologie Rotterdam (NL)

PROFESSIONAL  

1975-2000 General Dentist, Tandartsengroepspraktijk Demoor-Van Strydonck, 

Schoten (BE)

 Vice-president “Belgische Stichting voor Gezonde Tanden” (BE)

 Chairman of the National Workgroup “Prevention at school”

2000-2001 Periodontist, Praktijk voor Parodontologie, Goes (NL).
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2000- present  Belgium 

 Specialist in Periodontology Paro Clinic Brasschaat  (BE)

 Authorized supervisor for Belgian periodontists in training 

 Council member of the Belgian Society for Periodontology,Professional 

Committee (BVP)

 Member of the Flemish Society for Dentistry (VVT)

 Member of the Royal Dental Club Antwerp (KTCA)

 Member of the Business Club Brasschaat (Zakelijk Netwerk) 

 The Netherlands, Amsterdam

 Staff member of the Department of Periodontology Amsterdam  (ACTA) 

 Member of the Dutch Society of Periodontology (NVvP)

 Member of the Duch Society for Dentistry (NMT)

 Invited speaker Europerio 2012, Vienna   

 Member of the American Academy of Periodontology (AAP) 
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