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14 General introduction

General introduction

Dental plaque is the major etiological factor for of gingival inflammation and contributes 
to bad breath (1). This thesis focuses on plaque removal, prevention of periodontal disea-
ses and oral malodour. Different oral hygiene instructions, oral rinsing interventions and 
cooling solutions are evaluated. The common theme among all of these is water, which is 
why the general concept of water is introduced with a focus on its relation to the oral cavi-
ty. This chapter concludes with a description with the flow of this thesis.

Water and life
Much of the universe’s water is produced as a by-product of star formation. There are two 
prevailing theories. One is that the earth held onto some water when it was formed. The 
second is that the oceans are the result of collisions between ice-rich asteroids. No matter 
how it was formed, water can be found everywhere on the planet and 70% of the earth’s 
surface is covered with water. Only 3% is fresh water, and only a fraction of 1% supports all 
life on the land. Water is one of only a number of substances that can exist as a solid, liquid 
and gas within a relatively narrow range of temperatures. Moreover, it is a transparent 
and nearly colourless in its liquid state, which prevails at standard ambient temperature 
and pressure. The major feature of water is that it can dissolve nearly anything. This spe-
cific chemical property of water makes it indispensable for living. Large amounts of water 
are contained within the body tissues, blood and bones of human beings. It comprises a 
significant portion of the body, both by weight and volume (2). The average human adult 
is approximately 70% water and even an individual’s bones are watery (31%) (3). An impor-
tant aspect of homeostasis is fluid balance, which ensures that the proper amount of body 
water is maintained (4). 

Water and the oral cavity 
The World Health organisation (WHO) (5) has stated that ‘safe and readily available water 
is important for public health, whether it is used for drinking, domestic use, food produc-
tion or recreational purposes’. In 2010, the United Nations explicitly recognised the human 
right to water and acknowledged that clean drinking water and sanitation are essential (6). 
Between 50 and 100 litres of water per person per day are needed to ensure that an indivi-
dual’s most basic needs are met and few health concerns arise (7). Moreover, water can be 
used for different purposes and could be meaningful for maintaining oral health. It cleans 
the mouth and quenches thirst. While a majority of fluids present within the oral cavity 
originate from the salivary glands, the gingival crevicular fluid also contributes, in a small 
volume, to the formation of what is designated ‘whole saliva’ (8). The main functions of sali-
va is to protect and maintain the integrity of oral mucosal health through lubrication, buf-
fering action, antibacterial and antiviral activity as well as food digestion. The sensation of 
a dry mouth can be the result of low saliva rate (9) and the simple act of drinking water can 
hydrate the mouth when its salivary flow supply runs low (10). Rinsing with plain water 
after meals is suggested to help reduce bacteria and remove food debris (11). Furthermo-
re, water is calorie-free and as such, does not risk the health of one’s teeth like sweetened 
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drinks (12). Although it may be considered a relatively simple home remedy, drinking a 
glass of water or rinsing with water could maintain and/or improve oral health.

Water and oral hygiene 
Oral hygiene is the key to oral health. Mechanical methods of oral hygiene are considered 
the gold standard method of plaque control (13) and it is well established that controlling 
dental plaque is fundamental to accomplishing and maintaining periodontal health (14). 
For this purpose, toothbrushing is effective for reducing dental plaque (15). Dental care 
professionals generally recommend to brush twice-daily for two minutes each time (16) 
for primary prevention of periodontitis in ‘low risk’ groups (17). A longer brushing dura-
tion is required for ‘higher risk’ patients and secondary prevention (17). Already in 1960, 
reactions to brushing teeth with water alone were evaluated (18). Of the study population, 
almost 50% did not like brushing their teeth without a dentifrice and 88% stated that they 
preferred to brush with a dentifrice. A clinical study revealed however, that the use of a 
dentifrice did not significantly increase mechanical plaque removal compared to brushing 
with water alone (19). This confirmed the finding of a recent systematic review, which de-
monstrates that brushing with a dentifrice does not provide an added effect for the mecha-
nical removal of dental plaque (20). A dentifrice, on the other hand, is an ideal vehicle for 
active ingredients to prevent oral diseases because it is used on a daily basis (21).
Despite the emphasis placed on mechanical methods of plaque control, the prevalence of 
gingival inflammation remains high. For this reason, other oral hygiene agents such as 
mouthwash with anti-plaque and/or anti-gingivitis properties may have clinical value (13). 
Chemotherapeutic agents have the potential to improve oral health beyond toothbrushing 
alone (22). Most types of mouthwash use either a water or water-alcohol base, with flavour, 
surfactant, humectants and active ingredients. Several formulations with specific chemi-
cal agents for the management of plaque and gingivitis are marketed. When compared to 
negative controls (frequently water) only a small number of them provide statistically sig-
nificant improvements within plaque and gingivitis indices (23,24). 

Water and oral malodour
The whole oral fluid present in the mouth helps food and water pass through the mouth and 
throat (9). The salivary glands of a healthy individual, produces roughly 0.75 to 1.5 litres 
of saliva each day (25). During sleep, saliva production is however significantly reduced. 
Furthermore, microbial metabolic activity can be increased during sleep due to a lack of 
physiologic oral cleansing through the movement of the facial and oral muscles (26). This 
phenomenon can cause morning bad breath (MBB) (27), which contains elevated concentra-
tions of volatile sulphur components. Morning bad breath is considered a surrogate target 
for interventions on breath quality (28) and has been accepted as an alternative model for 
testing treatment strategies for halitosis (29). A quick internet search claims that elimi-
nating MBB is rather simple: drink water, eat breakfast, perform oral hygiene and rinse 
your mouth with water or mouthwash. In a facultative manner, one could also eat more 
raw foods such as carrots, celery and apples; gargle with a glass of water containing cin-
namon powder; or chew sugarless gum. Another suggestion is to drink water just before 
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going to bed. Since no food or fluids are consumed during sleep, the mouth can dry out. 
Moreover, one could drink water when waking up during the night. Laymen’s literature 
has suggested drinking a glass of water and swirling it around the mouth for a moment. 
Nevertheless, the main goal is to remain hydrated and to drink water regularly. Staying 
hydrated is especially important before and after heavy exercise, when rapid breath can 
increase the likelihood of dry mouth (30). However, none of these recommendations have 
been supported by scientific evidence. Professional advice for oral malodour has focused 
on improving oral hygiene practices, including toothbrushing and interdental cleaning. 
Additionally, the use of a tongue cleaning device when tongue coating is present is advised 
(31,32) and the use of chemical agents with proven efficacy is also recommended (27,33,34).

Water as a cooling solution
Just as showering with water below body temperature is a well-known method for staying 
cool on hot days. A water coolant system is often used in dentistry to reduce frictional heat 
caused by various dental devices and protect against damage to the pulp, the tooth and its 
surrounding tissues. These devices include dental burs, laser systems and ultrasonic tips 
(35). To prevent overheating from a device and prevent that the produced heat is transfer-
red to the opposing surface, a coolant fluid is used (36). An ideal coolant for dental devi-
ces has high thermal capacity, low viscosity, is low-cost, non-toxic, chemically inert and 
neither causes nor promotes corrosion of the cooling system (37). Pressurised air flow is 
a common form of coolant (37), while water is the most common liquid (38). During perio-
dontal treatment and the use of ultrasonic scaling procedures, excessive heat production 
will occur if the water flowrate is insufficient over the tip (39). The flow of water helps la-
vage the area treated for dental deposit removal, allowing for a favourable tissue response 
(35-40). If the water flow is inadequate, there may be discomfort for the patient or potential 
damage to the tooth.
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The flow of this thesis 

The purpose of this thesis is to investigate the different uses of water or rinses in relation 
to brushing, rinsing and cooling in preventing and treating periodontal diseases and oral 
malodour. The efficacy of toothbrushing is assessed using dental plaque scores; the clinical 
parameters of gingivitis and periodontal inflammation are also included. Oral malodour is 
measured by the organoleptic score and volatile sulphur compounds are measured using 
two specific apparatuses. Patient reported outcomes related to the various interventions 
are also evaluated. The following specific questions are addressed within this thesis: 

Can a specific brushing sequence influence plaque removal efficacy? 
(Chapter 2) 

Does pre-rinsing with water affect plaque removal during toothbrushing? 
(Chapter 3)

Does dry brushing improve plaque removal? A secondary analysis.
(Chapter 4) 

What is the effect of rinsing or drinking water on morning bad breath? 
(Chapter 5) 

What is the effect of mouthwash and mechanical tongue cleaning on morning oral  
malodour?
(Chapter 6)

Which chemical mouthwash agents control plaque and gingivitis? 
(Chapter 7) 

What is the effect of periodontal inflammation on clinical parameters using ultrasonic sub-
gingival instrumentation in combination with water or antimicrobial cooling solutions?
(Chapter 8)

The majority of the chapters in this thesis have already been published in scientific dental journals.  

As some of the studies concern a similar topic there are inevitably considerable overlaps between chapters. 

Different journal requirements have also created some variations in terminology from one chapter to the 

next. For editorial reasons, the chapters in this thesis are not arranged chronologically.



18 General introduction

References 

1.  Porter SR, Scully C. Oral malodour (halitosis). BMJ. 

2006; 23: 333: 63263-63265. 

2.  Webdocument. Available from: https://en.wikipedia.

org/wiki/Water. Assessed on 14 March 2017.

3.  HH Mitchell et al., The chemical composition 

of the adult human body and its bearing on the 

biochemistry of growth. J Biol Chem. 1945; 158: 

625-637.

4.  Webdocument. Available from: https://en.wikipedia.

org/wiki/Fluid_balance. Assessed on 14 March 2017. 

5.  Webdocument. Available from: http://www.who.int/

oral_health/en/. Assessed on 14 March 2017.

6.  Webdocument. Available from: http://www.un.org/

es/comun/docs/?symbol=A/RES/64/292&lang=E. 

Assessed on 14 March 2017.

7.  Webdocument. Available from: http://www.un.org/

waterforlifedecade/human_right_to_water.shtml. 

Assessed on 14 March 2017.

8.  Nunes LA, Mussavira S, Bindhu OS. Clinical and 

diagnostic utility of saliva as a non-invasive 

diagnostic fluid:  a systematic review. Biochem Med 

(Zagreb). 2015; 25: 177-192. 

9.  Wolff A, Joshi RK, Ekström J, Aframian D, Pedersen 

AM, Proctor G, Narayana N, Villa A, Sia YW, Aliko A, 

McGowan R, Kerr AR, Jensen SB, Vissink A, Dawes 

C. A Guide to Medications Inducing Salivary Gland 

Dysfunction, Xerostomia, and Subjective Sialorrhea: 

A Systematic Review Sponsored by the World 

Workshop on Oral Medicine VI. Drugs R D. 2017; 17: 

1-28. 

10.  Humphrey SP, Williamson RT. A review of saliva: 

normal composition, flow, and function. J Prosthet 

Dent. 2001; 85: 162-169. 

11.  Webdocument. Available from: http://www.

livestrong.com/article/260192-the-best-ways-to-

water-clean-teeth/. Assessed on 14 March 2017.

12.  Lee JG, Brearley Messer LJ. Contemporary fluid 

intake and dental caries in Australian children. 

Aust Dent J. 2011; 56: 122-131. 

13.  Gunsolley JC. Clinical efficacy of antimicrobial 

mouthrinses. J Dent. 2010; 38: 6-10. 

14.  Pihlstrom B. Treatment of periodontitis: key 

principles include removing subgingival bacterial 

deposits; providing a local environment and 

education to support good home care; providing 

regular professional maintenance. J Periodontol. 

2014; 85: 655-656. 

15.  Van der Weijden FA, Slot DE. Efficacy of homecare 

regimens for mechanical plaque removal 

in managing gingivitis a meta review. J Clin 

Periodontol. 2015; 42: 77-91. 

16.  Chapple IL, Van der Weijden F, Doerfer C, Herrera 

D, Shapira L, Polak D,Madianos P, Louropoulou A, 

Machtei E, Donos N, Greenwell H, Van Winkelhoff 

AJ, Eren Kuru B, Arweiler N, Teughels W, Aimetti 

M, Molina A, Montero E, Graziani F. Primary 

prevention of periodontitis: managing gingivitis. J 

Clin Periodontol. 2015; 42: 71-76.

17.  EFP. Prevention of periodontal diseases. Guideline 

for dental hygienists. European Federation of 

Periodontology 2014. https://prevention.efp.

org/wp-content/uploads/2015/12/Prevention-

of-periodontal-diseases-guidance-for-dental-

hygienists.pdf. Assessed on 14 March 2017.

18.  Dudding NJ, Dahl LO, Muhler JC. Patient reactions 

to brushing teeth with water, dentifrice, or salt and 

soda. J Periodontol. 1960; 31: 386–392. 

19.  Caporossi LS, Dutra DA, Martins MR, Prochnow EP, 

Moreira CH, Kantorski KZ.Combined effect of end-

rounded versus tapered bristles and a dentifrice 

on plaque removal and gingival abrasion. Braz Oral 

Res. 2016; 30. 

20.  Valkenburg C, Slot DE, Bakker EW, Van der 

Weijden FA. Does dentifrice use help to remove 

plaque? A systematic review. J Clin Periodontol. 

2016; 43: 1050-1058.

21.  Sanz M, Serrano J, Iniesta M, Santa Cruz I, Herrera 

D. Antiplaque and antigingivitis toothpastes. 

Monogr Oral Sci. 2013; 23: 27-44. 

22.  Addy M, Moran JM. Clinical indications for 

the use of chemical adjuncts to plaque control: 

chlorhexidine formulations. Periodontol 2000. 

1997; 15: 52-54.

23.  Serrano J, Escribano M, Roldán S, Martín C, Herrera 



19General introduction

D. Efficacy of adjunctive anti-plaque chemical 

agents in managing gingivitis: a systematic review 

and meta-analysis. J Clin Periodontol. 2015; 42: 

106-138. 

24.  Escribano M, Herrera D, Morante S, Teughels 

W, Quirynen M, Sanz M. Efficacy of a low-

concentration chlorhexidine mouth rinse in 

non-compliant periodontitis patients attending 

a supportive periodontal are programme: a 

randomized clinical trial. J Clin Periodontol. 2010; 

37: 266-275. 

25.  Bavikatte G, Sit PL, Hassoon A. Management of 

Drooling of saliva. BJMP 2012; 5(1): a507.

26.  Scully C, Greenman J. Halitosis (breath odor). 

Periodontol 2000. 2008; 48: 66-75. 

27.  Sanz M, Bäumer A, Buduneli N, Dommisch H, 

Farina R, Kononen E, Linden G, MeyleJ, Preshaw 

PM, Quirynen M, Roldan S, Sanchez N, Sculean 

A, Slot DE, Trombelli L, West N, Winkel E. Effect 

of professional mechanical plaque removal 

on secondary prevention of periodontitis and 

the complications of gingival and periodontal 

preventive measures: consensus report of group 4 

of the 11th European Workshop on Periodontology 

on effective prevention of periodontal and peri-

implant diseases. J Clin Periodontol. 2015; 42: 

214-220. 

28.  Snel J, Burgering M, Smit B, Noordman W, 

Tangerman A, Winkel EG, Kleerebezem M. Volatile 

sulphur compounds in morning breath of human 

volunteers. Arch Oral Biol. 2011; 56: 29-34. 

29.  Quirynen M, Avontroodt P, Soers C, Zhao H, 

Pauwels M, Coucke W, van Steenberghe D. The 

efficacy of amine fluoride/stannous fluoride in 

the suppression of morning breath odour. J Clin 

Periodontol. 2002; 29: 944-954. 

30.  Webdocument. Available from: http://www.

colgate.com/en/us/oc/oral-health/conditions/bad-

breath/article/effective-home-remedies-for-bad-

breath-0914. Assessed on 14 March 2017.

31.  Van der Sleen MI, Slot DE, Van Trijffel E, Winkel 

EG, Van der Weijden GA. Effectiveness of 

mechanical tongue cleaning on breath odour and 

tongue coating: a systematic review. Int J Dent Hyg. 

2010; 8: 258-268.

32.  Kuo YW, Yen M, Fetzer S, Lee JD. Toothbrushing 

versus toothbrushing plus tongue cleaning in 

reducing halitosis and tongue coating: a systematic 

review andmeta-analysis. Nurs Res. 2013; 62: 422-

429.

33.  Blom T, Slot DE, Quirynen M, Van der Weijden 

GA. The effect of mouthrinses on oral malodor: a 

systematic review. Int J Dent Hyg. 2012; 10: 209-222. 

34.  Slot DE, De Geest S, van der Weijden FA, Quirynen 

M. Treatment of oral malodour. Medium-term 

efficacy of mechanical and/or chemical agents: 

a systematic review. J Clin Periodontol. 2015; 42: 

303-316. 

35.  Koster TJ, Timmerman MF, Feilzer AJ, Van der 

Velden U, Van der Weijden FA.Water coolant 

supply in relation to different ultrasonic 

scaler systems, tips and coolant settings. J Clin 

Periodontol 2009; 36: 127-231. 

36.  Webdocument. Available from: https://

en.wikipedia.org/wiki/Coolant Assessed on 14 

March 2017. 

37.  Webdocument. Available from: https://

en.wikipedia.org/wiki/Air_cooling. Assessed on 14 

March 2017.

38.  Webdocument. Available from: https://

en.wikipedia.org/wiki/Coolant. Assessed on 14 

March 2017.

39.  Lea SC, Landini G, Walmsley AD. Thermal 

imaging of ultrasonic scaler tips during tooth 

instrumentation. J Clin Periodontol. 2004; 31: 370-

375.

40.  Bowen, D. M. (2003) Mechanical plaque control: 

toothbrushes and toothbrushing. In: Darby, M. L. 

& Walsh, M. M. (eds). Dental Hygiene: Theory and 

Practice, 2nd edition: 348–384. St. Louis, MO, USA: 

Saunders Elsevier.





A specific brushing sequence and 
plaque removal efficacy:
a randomized split-mouth design

2

E. van der Sluijs
D.E. Slot
N.L. Hennequin-Hoenderdos
G.A. van der Weijden

International Journal of Dental Hygiene
2016 accepted



22 Chapter 2

Abstract

Aim 
It has been propagated by dental care professionals to start toothbrushing the lingual as-
pect of teeth first. In general it is assumed that these surfaces of teeth are more difficult to 
clean. The evidence to support this recommendation is sparse.

Methods
In this randomized controlled clinical trial using a split mouth design, 46 students were 
included. Before the visit, participants were requested to refrain from any oral hygiene 
procedure for 48 hours. First, the plaque index score (PI) was assessed full mouth. Two 
randomly chosen contra-lateral quadrants were used to start brushing from the lingual as-
pect first. The opposing two quadrants were used to start brushing from the buccal aspect. 
After the brushing exercise was completed, full mouth PI was scored again. Sub-analyses 
were performed for the buccal, lingual, and approximal surfaces. 

Results
At baseline, there was no statistically significant difference between the two sets of con-
tra-lateral quadrants (P = 0.770). Starting at the lingual aspect of the lower jaw resulted in 
a 55% reduction of plaque scores in comparison to 58% when the brushing exercise was 
started buccally. The difference in mean plaque scores between brushing orders was 0.04, 
which was not significant (P = 0.219). None of the sub-analyses revealed any significant dif-
ferences for the isolated surfaces. 

Conclusion
Using a manual toothbrush reduced plaque scores between 55%-58% with no difference be-
tween brushing from either the lingual or buccal aspect first. Within the limitations of the 
present study a recommendation to start toothbrushing the lingual aspect is not suppor-
ted by the outcome in this young student population.
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Introduction

It is well recognized that supra-gingival plaque accumulation, which involves an establis-
hed bacterial colonization of the dental tissues, is a determinant in the initiation of gingivi-
tis (1). For the control of this complex microbial biofilm, routine oral hygiene is important 
(2). Toothbrushing is a simple and effective means of removing plaque and therefore has a 
useful role in the prevention and control of periodontal disease (3). The American Dental 
Association recommends to brush at least twice a day, for 2 min (4). On average, a 42% pla-
que score reduction is obtained after toothbrushing with manual toothbrushes (5). Impro-
vements have been made in the design of brushes. During the last decades, different shapes 
and locations for the handle and bristles have been designed to increase plaque removing 
efficiency specifically in hard-to-reach places (6).
Instructions on how to brush the teeth focus primarily on the relationship of the bristles to 
the teeth and gingival tissues as well as on the direction of the brushing stroke (7). Usually, 
it is not pointed out where to start brushing or in which order the teeth should be brushed. 
Bass already in 1948 (8) recommended that: ‘All the surfaces of all the teeth to which the 
brush can be applied, should be brushed. A good system is to brush the buccal and labi-
al surfaces of all teeth first, then the occlusal and lingual surfaces of the grinders in all 
four quadrants and finally the lingual surfaces of the anterior teeth’. A patient-preferred 
sequence of toothbrushing was evaluated in 1975 by filming adults’ brushing their teeth. 
The upper right buccal area was the most frequent starting position and the most natural 
sequence was then across the upper anterior to upper left, returning via the lower arch 
in the opposite direction (9). Macgregor & Rugg-Gunn (10) showed also that the brushing 
procedure, buccal surfaces first and subsequently lingual surfaces, is a commonly used 
brushing sequence by both children and adults.
Today, the most common brushing method recommended is the Modified Bass Technique 
(11), in which it is instructed that the head of the brush is positioned in an oblique direction 
towards the apex. Filament tips are directed into the sulcus at an angle of approximately 
45° to the long axis of the tooth. The brush is moved in a back-and-forth direction using 
short strokes without disengaging the tips of the filaments from the sulci. On the lingual 
surfaces of the anterior teeth, the brush head is kept in the vertical direction (12). Closer 
attention to the sequence of brushing surfaces does seem indicated in view of the common 
fault of omitting to clean certain area such as lingual and palatal surfaces. O’Hehir & Suvan 
(7) concluded that apart from greater accumulations of both hard and soft deposits, man-
dibular lingual surfaces demonstrate more bleeding on probing than other areas of the 
mouth. Previously in 1994 Axelsson, Lang and Karring (13) concluded that the toothbrush 
should therefore first be applied to the lingual of the mandibular posterior teeth. Some 
dental care professionals have dealt with this problem by instructing patients to brush the 
inside of the bottom teeth first (7). After the biofilm had been removed, they were instruc-
ted to add toothpaste to the toothbrush and brush once more around the mouth (14). Twen-
ty-nine private-practice dental hygienists across the United States tested this idea with a 
total of 126 patients during recall appointments. Reduced bleeding scores and less calculus 
were found upon re-examination. However, notes from the examiners also indicated that 
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patients reported brushing longer than usual with this new approach which could be a 
confounder for the observed improvements (7).
To address the limited evidence for commencing tooth-brushing with lingual surfaces 
first, the aim of this study was to compare the efficacy of brushing while starting at the 
lingual aspect of the lower jaw as opposed to starting at the buccal side of the upper jaw.

Materials and methods

Ethical procedures
The study followed instructions based on the Helsinki principles (2013), approximating 
good clinical practice guidelines, and held the approval of the medical ethical committee of 
the Amsterdam Medical Center #2014_118. The study was also registered at the Dutch Trial 
Register (#NTR4604). Before enrolment, all volunteers were given verbal and written in-
formation with respect to the aim, rationale and duration of the study. The investigator ex-
plained the details of the trial and potential risk involved. All eligible subjects who agreed 
to participate signed an informed consent form prior to the study procedures.

Sample size
Sample size calculations were performed using the PS Power and Sample Size Programme 
(15). Earlier data indicated that the difference in response to the primary outcome in mat-
ched pairs is normally distributed with standard deviation 0.40 (new toothbrush without 
dentifrice Rosema 2013) (16). If the true difference in the mean response of matched pairs 
is 0.18, then 40 participants were needed to be able to reject the null hypothesis that the 
response difference is zero with a probability (power) of 0.8. The Type I error probability 
associated with this test of the null hypothesis was 0.05. Additional participants were ente-
red to compensate for potential dropout.

Screening and inclusion
The participants were non-dental students from different universities and colleges in and 
around Amsterdam. The study took place in the period from June until September 2014 at 
the Academic Centre for Dentistry of Amsterdam (ACTA), the Netherlands, Department 
of Periodontology. The study participants were identical to the population of a previous 
study involving a single brushing exercise (17). The participants had been screened by 
a dental hygienist (MPCL). To qualify for inclusion, the subjects were required to be ≥18 
years old, classified as systemically healthy as assessed by the medical questionnaire, pe-
riodontally healthy as assessed by scoring the DPSI ≤3 minus (18,19), ≥5 teeth per quadrant 
and right-handed brushers. Excluded were those who presented with an orthodontic ap-
pliance or a removable (partial) denture, overt caries, any pathological alterations of the 
oral mucosa, pregnancy and use of medications within 2 weeks before the appointment 
including antibiotics or chronic use of non-steroidal anti-inflammatory drugs (excluding 
birth control pills).
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Design
This study had a single-(examiner) blind design using a split-mouth model where contra-la-
teral quadrants were randomly assigned to treatment (20). The study coordinator (EVDS) 
supervised the assigned brushing procedures.

Randomization and blinding
Every participant received a unique subject identification number. No stratification was 
applied. Randomization was performed using true random numbers, which were genera-
ted by sampling and processing a source of atmospheric noise (21). The randomization code 
was kept in a sealed envelope in the investigator site file and was only accessible by the 
coordinator who was therefore responsible for allocation concealment. Participants were 
instructed not to reveal their intervention in any way to the clinical examiner. Records of 
the earlier examination were not available to the examiner at the time of re-examination.

Primary outcomes
The main study parameter was the level of dental plaque as measured by Silness & Löe (22) 
Plaque Index (PI) as modified and described by Van der Weijden et al. (23), where 0 = no pla-
que, 1 = a film of plaque adhering to the free gingival margin and adjacent area of the tooth, 
2 = moderate accumulation of soft deposits on the tooth and gingival margin that can be 
seen with the naked eye, and 3 = abundance of soft matter on the tooth and gingival margin. 
Throughout the study examinations were carried out by one and the same experienced 
examiner (NLHH) under the same conditions.
After the assessment, the participant completed a questionnaire designed to evaluate their 
opinion and their perception concerning the 48-h non-brushing period, the toothbrush 
and procedure used. The VAS scoreline had two extremes at either end of the line with the 
negative on the left side. The participants placed a vertical mark on a 10-cm-long uncalibra-
ted line. The investigator measured the distance along the line from the left extreme to the 
marking made by the participant (24).

Study procedure
A SMS (Short Message Service) was sent to remind each participant before the visit. A 48-h 
non-brushing period was used to accumulate an adequate amount of plaque to assess the 
incremental effect on plaque scores of a single brushing exercise (25). First, a full-mouth 
dental plaque score was performed. Subsequently, before the brushing exercise a short 
verbal instruction was given to the participant. The brushing procedure of this study was 
carefully standardized and controlled. Two randomly chosen contra-lateral quadrants 
were used to start brushing from the lingual aspect of the lower jaw first (Oral-B indicator 
P35 soft) followed by brushing lingually of the upper jaw. The participant brushed without 
dentifrice with a new and dry toothbrush buccal of the lower jaw and buccal of the upper 
jaw. The procedures were performed under supervision and the participants were gui-
ded through the randomized set of contra-lateral quadrants. Each side of the (buccal or 
lingual) quadrants was brushed for 15 s, in total 30 s per quadrant as controlled by the use 
of a timer. No mirror was available during the brushing procedure. If necessary, the par-
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ticipants were able to expectorate. Rinsing with water afterwards was not allowed. Sub-
sequently the opposing two quadrants were brushed (starting buccally in the upper jaw, 
followed by buccally in the lower jaw finishing by brushing the lingual of the upper and 
lower jaws) again using a new dry toothbrush and full-mouth plaque scores were assessed. 
Finally, the participant completed a questionnaire designed to evaluate their opinion and 
their perception concerning the 48- hours non-brushing period, the toothbrush and pro-
cedure used. Upon completion of the study, participants received monetary compensation 
for their contribution.

Statistical analysis
The statistical analysis was performed using a statistical package (IBM Corp. Released 
2012. IBM SPSS Statistics for Windows, version 21.0. Armonk, NY, USA: IBM Corp) before 
the allocation was revealed. The primary parameter was the overall dental plaque score. 
The mean and standard deviation of all readings were calculated for each participant and 
in addition the mean incremental difference and proportional change were computed. For 
a subanalysis, all vestibular sites, all lingual sites and all approximal sites were calculated. 
The central incisors were excluded from the measurement to avoid cross-over effects of 
brushing the adjacent contra-lateral quadrants. The total mean and variation of the dental 
plaque scores was analysed by each intervention sequence. Data were tested for normal 
distribution by the Kolmogorov–Smirnov test and found to correspond with the normal 
distribution assumption. A paired T-test was applied and values of P < 0.05 were accepted 
as statistically significant. The mean scores and standard deviation regarding the VAS ques-
tions were calculated. As the VAS questions were descriptive and did not differentiate bet-
ween intervention sequences, no statistical analysis was performed concerning these data.

Results

As proposed by CONSORT (26), the study flow is shown in Fig. 1. In total, 50 participants 
were assessed for eligibility of which 46 participants were included. The mean age of these 
was 22.5 (2.86) with a range of 20–34. There were more female participants in this clinical 
trial (N = 27, 59%) than men (N = 19, 41%). No adverse events were reported.

Primary outcome
Table 1 shows the overall mean plaque scores and standard deviation for pre- and post-
brushing plaque scores. The split- mouth design implicates that each participant con-
tributed with two baseline and two post-brushing values. At baseline, the plaque scores 
when starting to brush from the lingual aspect showed a mean of 1.75 which was not signi-
ficantly different (P = 0.770) when compared to start brushing from the buccal aspect. The 
post-brushing scores, when starting from the lingual, were also not different compared 
to starting from the buccal (P = 0.094). The incremental change in plaque scores was 0.94 
when starting from the lingual aspect as compared to 0.98 when starting from the buccal  
(P = 0.219).
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Figure 1 Flow chart depicting subject enrollment and measurement (26).
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Subanalysis
Table 2 provides the mean and standard deviations of the sub-analysis at the buccal,  
lingual and approximal sites separately. None of the comparisons was significantly diffe-
rent between starting from the lingual as compared to starting from the buccal aspect of 
the quadrants. The plaque score reduction of the lingual surfaces, a particular area of in-
terest for this study, showed an incremental change of 0.94 (0.30) when starting brushing 
from the lingual aspect, while starting from the buccal aspect the change was 0.98 (0.31). 
This difference was not significant (P = 0.219).

Secondary outcome
Table 3 presents the questionnaire data where self-perception was measured. The partici-
pants felt the toothbrush was cleaning their teeth well enough 6.29 (1.93). Bristles’ stiffness 
received a mean VAS score of 5.04 (1.73) (neither too soft nor too rigid). A brushing exercise 
without the use of dentifrice was judged as unpleasant 3.21 (2.33). The participants judged 
dry brushing most unpleasant 2.81 (1.58).

Discussion

The ideal brushing technique is the one that allows sufficient plaque removal in the least 
possible time, without causing any damage to the tissues (27). Different toothbrushing me-
thods have been recommended over time, but many have also been abandoned. There pro-
bably is no single oral hygiene method that is correct for all patients. If a patient prefers a 
specific oral hygiene strategy, the clinician can evaluate this and modify the technique to 
maximize effectiveness, rather than changing it (12).
In most cases, small changes in the patient’s own method of toothbrushing will suffice, al-
ways bearing in mind that more important than the selection of a certain method of tooth-
brushing is the willingness and thoroughness on the part of the patients to effectively 
clean their teeth (12).

Aim and findings
Many patients spend too little time brushing, or they brush haphazardly especially at the 
end of the toothbrushing session when lacking of concentration (12). The purpose of this 

N=46 Start Lingual Start Buccal Statistical analysis*

Base 1.75 (0.28) 1.74 (0.30) 0.770

End 0.80 (0.38) 0.76 (0.38) 0.094

Incremental difference 0.94 (0.30) 0.98 (0.31) 0.219

% Reduction 55% (19) 58% (18)

* Paired sample T-test

Table 1 Overall dental plaque scores on baseline and end presented by mean and SD (standard deviation) in relation 

to a specific sequence in brushing order.
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clinical trial was to evaluate a specific sequence in toothbrushing order with respect to 
plaque removal while using a manual toothbrush. This particular sequence has been pro-
pagated in the dental literature but has never been sufficiently evaluated. The proposition 
is to start brushing at the lingual aspect of the lower teeth which is suggested to be more 
effective than starting at the buccal aspect. Primary attention is then directed towards the 
tooth surfaces that are insufficiently cleaned by most patients. Irrespective of the speci-
fic brushing order, dental plaque scores reduced in the present study by at least 55%. The 
results of this study show no statistically significant difference of change in mean plaque 
scores (P = 0.551) between starting to brush either from the lingual (55% reduction) or buc-
cal aspect (58% reduction).

Dentifrice use
Brushing without the use of toothpaste, also called ‘dry brushing’, was used in this expe-
riment (7). This supposedly would allow the patient to feel the layer of bacterial biofilm 
before and after brushing more easily. Due to the flavour and wetting agents, toothpaste 
would make the mouthfeel clean when it is not clean yet (14). Based on the questionnaire, 
which was completed by the participants after the single brushing exercise (Table 3), it is 
apparent that the participants judged brushing without the use of dentifrice as unpleasant 
(mean score 3.21; on a scale of zero to ten where ‘5’ is considered as neutral). Today it is 
common practice to combine a toothbrush with a dentifrice. The dentifrice provides the 
fresh mouthfeel and pleasant taste that makes brushing an acceptable or even pleasant ex-
perience for some individuals (28). The cleaning capacity of toothbrushing is, however, 
not enhanced by the use of a dentifrice as has clearly been shown in a recent systematic 
review (29). Future research is needed concerning the psychosocial factors that might in-

Sites N=46 Start Lingual Start Buccal Statistical analysis*
B

uc
ca

l

Baseline 1.56 (0.54) 1.59 (0.51) 0.199

End 0.30 (0.30) 0.29 (0.26) 0.720

Incremental difference 1.26 (0.48) 1.31 (0.41) 0.143

% Reduction 83% (14) 82% (16)

Li
ng

ua
l

Baseline 1.55 (0.50) 1.51 (0.52) 0.176

End 0.45 (0.38) 0.49 (0.33) 0.395

Incremental difference 1.10 (0.46) 1.02 (0.42) 0.143

% Reduction 73% (23) 67% (28)

A
pp

ro
xi

m
al

Baseline 1.83 (0.26) 1.84 (0.24) 0.614

End 0.95 (0.44) 1.01 (0.47) 0.066

Incremental difference 0.88 (0.36) 0.83 (0.38) 0.178

% Reduction 49% (21) 46% (23)

Table 2 Sub-analysis evaluating dental plaque scores for the buccal, lingual and approximal sites separately.

Data are presented by mean and SD (standard deviation) in relation to a specific sequence in brushing order.

* Paired sample T-test
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fluence attitude and performance in oral hygiene in relation to dentifrice use (30). Also the 
potential contribution of adjuvant chemical agents relative to the treatment of malodour, 
staining, caries, gingivitis, dental plaque, dental calculus, demineralization and dentinal 
hypersensitivity deserves further studies (31).

Power and clinical relevance
In 1979, MacGregor & Rugg-Gunn (10) reported that of an average 50 s brushing time only 
10% of that time was spent on brushing the lingual surfaces. The mandibular lingual secti-
on is often the area brushed last (7). Substantial differences are present in the amounts of 
supra-gingival plaque colonizing the different regions of the dentition. While most indi-
viduals have repeatable patterns of plaque on their dentition, a variety of factors influen-
ce the development of supra-gingival plaque formation such as saliva composition, diet, 
tooth position, and tooth surface morphology (2). Plaque scores tend to be greatest in the 
lingual part of the posterior teeth. In the present comparison, starting to brush from eit-
her the buccal or lingual aspect showed that the difference in plaque score reduction was 
1% for the buccal surfaces (82–83%). The lingual surfaces, which were a particular area of 
interest, for this study, showed that when starting from the lingual, plaque scores reduced 
by 73% as compared to a reduction of 67% when starting from the buccal. Corresponding 
mean incremental differences were 1.10 and 1.02, respectively, and not statistically signifi-
cant different (P = 0.143).
The a priori sample size calculation based on earlier data (16) showed that 40 participants 
were needed to reject the null hypothesis. Based on the data of the lingual surfaces, the 
‘post hoc’ power calculation showed that with a difference of 0.08 and a pooled standard 
deviation of 0.44 at least 239 subjects would have been needed to make this difference sig-
nificant at an alpha level of 0.05. In determining both the statistical significance and the 
clinical relevance, an assessment of study power is essential and has serious implications 
for any conclusions that can be drawn. An excessively large sample may show statistical 
significance even when there is no clinical practicality (32). It is also essential to consider 
the magnitude of the observed differences between the two treatment groups. Small diffe-
rences are not likely to be clinically relevant.

Plaque index and brushing duration
In a systematic review by Slot et al. (5), all available studies evaluating a single brushing 
exercise were evaluated to determine the effect of manual toothbrushing on the plaque
score reduction. A total of 59 papers with 212 brushing experiments were evaluated inclu-
ding a total of 10806 participants. The outcome analysed from each of these experiments 
was the reduction in plaque scores in terms of percentage calculated from the difference 
before and after brushing. The overall estimate was that a manual toothbrush provides 
a 42% reduction in plaque scores irrespective of the plaque index used. Considering this, 
the plaque score reduction in the present study was on average 13–15% higher. However, 
several indices are available for the assessment of the presence, location and quantity of 
clinically evident bacterial plaque. These indices are used as a marker by clinicians to mo-
nitor the oral hygiene performance and compliance of patients (1). Separating the results 
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from the systematic review by plaque index score showed that the reduction was 30% when 
evaluated with the Q&H Plaque Index (33) and 53% with the Navy Plaque Index (34). In a 
similar analysis of powered toothbrushes (25), Rosema et al. (25) showed that numerically 
the highest plaque score reduction was apparent with the Sillness & Löe Plaque Index (22) 
as used in the present study. In the systematic review (5), Slot et al. (2012) also performed 
a subanalysis with respect to brushing duration, the estimated efficacy as the weighted 
mean plaque score reduction was 27% after 1 min and 41% after 2 min of brushing assessed 
according to the Q&H Plaque Index (33). Subsequently for the present study for all parti-
cipants 2-min toothbrushing duration was selected. This may have done injustice to what 
O’Hehir & Suvan (7) observed, namely that without toothpaste people tend to brush longer 
and more evenly around the mouth. Due to the supervised brushing protocol and the res-
tricted brushing time, this latter aspect could not be evaluated.

Limitation
Single-use toothbrushing studies are routinely used for screening the efficacy of tooth-
brushes to evaluate to which extent an intervention can produce a beneficial outcome 
under ideal circumstances (36). Although the results of these trials do not provide defini-
tive proof of clinical superiority (37), the reasons for using the single-use protocol are its 
cost-effectiveness and ethical acceptability. In addition, no existing disease could worsen 
during the 1-day plaque accumulation (6,35). Despite the apparent benefits of the model, it 
may be influenced by the ‘Hawthorne effect’. This phenomenon may have modified the be-
haviour of the study participants purely as a result of them knowing that they are contri-
buting to an experiment (38). This could have affected the plaque score reductions during 
a single brushing exercise in this study. This study was carried out in a clinical setting in 
which the participants may be more concentrated than usual besides their brushing was 
supervised. This study indicated only right-handed brushers. It might be that the outcome 
is different in left-handed participants which could be a subject of future research.

N=46
Extreme

Mean (SD)
From To

1 To refrain from brushing for 48 hours was... Uncomfortable Comfortable 2.59 (1.73)

2 I think the toothbrush cleaned my teeth well enough... Not agree Totally agree 6.29 (1.93)

3 I think the stiffness of the toothbrush filament... Very rigid Very soft 5.04 (1.73)

4 Brushing without toothpaste was... Unpleasant Pleasant 3.21 (2.33)

5 Brushing with a dry toothbrush was... Unpleasant Pleasant 2.81 (1.58)

Table 3 Questionnaire related to the self-perception of the participants using a Visual Analogue Scale (VAS) 

presented as mean and standard deviation (SD) with negative extremes on the left and positive extremes on the 

right (from 0 to 10).
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Conclusion

Using a manual toothbrush reduced plaque scores between 55% and 58% with no difference 
between brushing from either the lingual or the buccal aspect first. Within the limitations 
of this study a recommendation to start toothbrushing the lingual aspect is not supported 
by the outcome in this young student population.
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Abstract 

Aim 
The aim was to evaluate if there is an additional beneficial effect on dental plaque removal 
of rinsing the oral cavity with water before toothbrushing. 

Methods
In total 48 non-dental, systemically healthy participants ≥18 years were included in this 
randomized controlled clinical trial using a split-mouth design. The participants were 
requested to refrain from any form of oral hygiene for 48 hours. First dental plaque 
scores (PI) were assessed full-mouth. Two randomly assigned contra-lateral quadrants 
were brushed. Next the participant rinsed for 1 minute with 15 ml water. Subsequently, 
the opposite two contra-lateral quadrants were brushed. Brushing was performed 
without toothpaste. Subsequently the second full-mouth PI assessment was performed. 
The brushing and rinsing procedure was done under supervision and brushing time 
was tracked by a timer, each quadrant was brushed for 30 s. For the buccal, lingual, and 
approximal surfaces and tooth type a sub-analysis was performed. 

Results
At baseline there was no statistically significantly difference between the two sets of con-
tra-lateral quadrants. When a water rinse was used before toothbrushing the PI-score was 
reduced by 58%. If water rinse was used post-brushing the PI-score reduced by 57%. The dif-
ference of 0.04 in mean plaque index score reduction between the two brushing regimens 
was not significant (P = 0.162).

Conclusion
When a 2 minutes brushing exercise was performed, on average more than 55% dental  
plaque was removed. Pre-rinsing with water did not contribute significantly to toothbrush 
efficacy.
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Introduction

In a healthy situation, dental plaque and adjacent tissues maintain a delicate balance. 
When healthy dental plaque changes into a pathogenic bio-film, this can initiate the perio-
dontal disease process. Toothbrushing is today the most widespread mechanical means of 
controlling plaque at home (1) and the cornerstone to prevent and control periodontal disea-
ses (2,3). Supragingival plaque is exposed to saliva and to the natural self-cleansing mecha-
nisms existing in the oral cavity. However, although such mechanisms may eliminate food 
debris, they do not adequately remove dental plaque (2,4). With respect to daily home care 
the American Dental Association recommends to brush at least twice a day, for 2 min. After 
tooth brushing, it is common practice to rinse the mouth with tap water with the intention 
to remove dentifrice remnants and loosened plaque (5). Other researchers have proposed to 
rinse before brushing in order to hydrate the biofilm, reduce adherence and render plaque 
more readily detached by mechanical cleaning methods. Changing oral care habits by intro-
ducing a prebrushing rinse would mean a change in the world of oral home care (6). A syste-
matic review evaluated the effectiveness of a marketed prebrushing rinse in plaque removal 
(7). The review authors concluded that the prebrushing rinse appears to offer some bene-
fit in plaque reductions. This specific mouthwash was compared to control groups which 
were rinsing, with either a placebo or water. A stepwise toothbrush exercise showed that 
prerinsing with water prior to brushing provided additional plaque removal (8). However, 
no comparison to regular toothbrushing was performed. The only study that did compare a 
prebrushing rinse with water to regular toothbrushing was the study by O’Mullane et al. (9). 
They did, however, not evaluate the effect of a brushing exercise per sé but assessed plaque 
scores over time with different interventions. Although not significant, the numerical data 
may be considered indicative of a difference between no rinse and prerinsing with tap water.
The purpose of the present study was to compare more specifically Prerinsing with water 
prior to toothbrushing with common daily toothbrushing that is followed by rinsing with 
water afterwards.

Materials and methods

Ethical procedures
The study followed instructions based on the Helsinki principles (2013), approximating 
Good Clinical Practice guidelines and held the approval of the medical ethical committee of 
the Amsterdam Medical Centre #2014_118. The study was also registered at the Dutch Trial 
Register (#NTR4604). The study took place in the time period of June until September 2014 
at the Academic Centre for Dentistry of Amsterdam (ACTA), the Netherlands, Department 
of Periodontology. Before enrolment, all volunteers were given verbal and written instructi-
ons as well as a description of the aim, rationale and duration of study participation. The in-
vestigator explained the details of the trial and potential risk involved. All eligible subjects 
that agreed to participate signed an informed consent form prior to the study procedures, 
in addition they were informed that they were free to withdraw from the trial at any time.
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Sample size
Sample size calculations were performed using the PS Power and Sample Size Program 
(10). Earlier data indicated that the difference in the response of the primary outcome in 
matched pairs is normally distributed with standard deviation 0.30 [pooled estimate out 
of Van der Weijden et al. (11–13)]. If the true difference in the mean response of matched 
pairs is 0.14, 38 participants were needed to be able to reject the null hypothesis that the 
response difference is zero with probability a (power) 0.8. The Type I error probability as-
sociated with this test of the null hypothesis was 0.05. Additional participants were ente-
red to compensate for potential dropout.

Screening and inclusion
The participants were non-dental students from different universities and colleges in and 
around Amsterdam who were invited by e-mail and flyer advertisement. The first selecti-
on was performed by a general telephone screening. Additionally, in the clinic the partici-
pants were screened by a dental hygienist (MPCL). Inclusion criteria were: ≥18 years old, 
classified as systemically healthy as assessed by the medical questionnaire, periodontally 
healthy as assessed by scoring the DPSI ≤3 min (14, 15), ≥5 teeth per quadrant and right-han-
ded brushers. Excluded were those that presented with an orthodontic appliance or a re-
movable (partial) denture, overt caries, any pathological alterations of the oral mucosa, 
pregnancy and use of medications within 2 weeks before the appointment including an-
tibiotics or chronic use of non-steroidal anti-inflammatory drugs (excluding birth control 
pills).

Design
This study had a single-(examiner) blind design using a split mouth model where contra- 
lateral quadrants were randomly assigned to a treatment (16). The study coordinator 
(EVDS) supervised the assigned brushing procedures.

Randomization and blinding
Every participant received a unique subject identification number. No stratification was 
applied. Randomization was performed using true random numbers, which were genera-
ted by sampling and processing a source of atmospheric noise (17). The randomization code 
was kept in a sealed envelope in the investigator site file and was only accessible by the 
coordinator who was therefore responsible for allocation concealment. Participants were 
instructed not to reveal their intervention in any way to the clinical examiner. Records 
of earlier examinations were not available to the examiner at the time of re-examination.

Primary outcome
The main study parameter was the level of full-mouth dental plaque as measured by the 
Silness & Löe Plaque index (PI) (18) and modified as described by Van der Weijden et al. (11). 
Where 0 = no plaque, 1 = a film of plaque adhering to the free gingival margin and adjacent 
area of the tooth 2 = moderate accumulation of soft deposits on the tooth and gingival mar-
gin that can be seen with the naked eye, 3 = abundance of soft matter on the tooth and gingi-
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val margin (19). Throughout the study examinations were carried out by one and the same 
experienced examiner (NLHH) under the same conditions. At the time of examination, the 
examiner was unaware of the randomization scheme.

Study procedure
A 48-h non-brushing period was used in order to accumulate an adequate amount of pla-
que to assess the incremental effect of a single brushing exercise (20). An SMS (Short Mes-
sage Service) was sent to remind each participant before the visit. First, a full-mouth as-
sessment of dental plaque score was performed. Then the participants went to a separate 
room, away from the examiner. The intervention was performed under the supervision of 
the study coordinator. Before the brushing exercise a short verbal instruction was given 
and no mirror was available. Two randomly assigned contra-lateral quadrants were brus-
hed without dentifrice using a new and prewetted toothbrush (Oral-B indicator P35 soft). 
Each side of the quadrants was brushed for 15 s, in total 30 s per quadrant. If necessary the 
participants were able to expectorate saliva after each period of 15 s. Next, the participants 
rinsed with 15 ml mineral water (Christaline SAINTE-SOPHIE bottled Spring water) for 1 
min. The instruction was to take the total amount of water that was inside the cup into their 
mouth and rinse laboriously without swallowing. Additional subsequent rinsing was not 
allowed. Next the opposing two quadrants were brushed using a new and prewetted tooth-
brush following the same procedure as previously described. The supervised brushing 
and rinsing procedure was tracked by a timer. Following the brushing– rinsing–brushing 
exercise, a full-mouth plaque assessment was performed to obtain the post-brushing pla-
que scores. Additionally, the participant completed a questionnaire designed to evaluate 
their opinion. Their perception was questioned concerning the 48-h non-brushing period, 
the toothbrush and the procedure used. The participants placed a vertical mark on a 10-cm-
long uncalibrated line. The VAS-score line had two extremes at either end of the line with 
the negative extreme on the left side. The investigator then measured the distance along 
the line from the left extreme to the marking made by the participant (21). At the end of the 
study, participants received monetary compensation for their contribution.

Statistical analysis
The statistical analysis using SPSS software (Statistical Package for Social Sciences, ver-
sion 20.0 for Windows) was performed before the randomization code was broken. The 
primary analysis was the overall dental plaque measurements. The mean and standard 
deviations were calculated for all sites for each participant, and in addition, the mean in-
cremental difference and proportional change were computed. For a sub- analysis, all ves-
tibular sites, all lingual sites and all approximal sites were calculated. The central incisors 
were excluded from the measurement to avoid crossover effects of brushing the adjacent 
teeth. The total mean and variation of the dental plaque scores were analysed for each 
participant and subsequently by group. Data were tested for normal distribution by the 
Kolmogorov–Smirnov test and found to correspond with the normal distribution assump-
tion. Parametric statistical technique by the use of a paired T-test was applied. Values of  
P < 0.05 were accepted as statistically significant. The mean scores and standard deviation 
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on the VAS questions were calculated. As the VAS questions were descriptive and did not dif-
ferentiate between groups, no statistical analyses were performed concerning these data.

Results

In total, 50 participants were assessed for eligibility (Fig. 1) (22). Two participants were ex-
cluded due to the presence of overt caries and periodontitis. In total, 48 participants were 
included. The mean age of the 48 participants was 22.5 (2.81) with a range of 20–34. In total, 
there were more female participants in this clinical trial (N = 28, 58%) than men (N = 20, 
42%). No adverse events were reported.

Primary outcome
Table 1 shows the mean and standard deviation of the total dental plaque scores. The split-
mouth design implicates that each participant contributed with 2 baseline and 2 post-
brushing values. The rinsing and brushing procedure of this study was carefully standar-
dized and controlled. For the post-brushing rinse group, the baseline plaque score was 1.69 
(0.32) and for the prebrushing rinse group 1.66 (0.33) which was not significantly different. 
The post-brushing rinse assessment revealed a reduction in plaque scores of 0.95 (0.20) 
in the prerinse group compared to a reduction of 0.91 (0.21) in the post-rinse group. Both 
groups showed a significant reduction in dental plaque. However, there was no statistically 
significantly difference between the groups on the end scores (P = 0.935). The difference of 
0.04 in mean plaque index score reduction between the two brushing regimens was not sig-
nificant(P = 0.162). When the mouth was rinsed with water before brushing, plaque scores 
reduced by 58% as compared to a 57% plaque score reduction with rinsing after brushing 
(P = 0.722).

Subanalysis
Subanalysis (Table 2) was performed for the various surfaces, analysing buccal sites, lin-
gual sites or approximal sites separately. The baseline approximal scores between inter-
ventions were not balanced well (P = 0.027). Regarding the lingual sites, 68% and 64% plaque 
score reduction was found for prebrushing or post-brushing water rinsing, respectively, 
which was close to being significant (P = 0.049). No further statistical differences were 
found for pre- and post-brushing rinse data.

Secondary outcome
In total, six questions were asked after the assessment (Table 3). The participants felt ra-
ther uncomfortable to refrain 48 h of any oral hygiene before the appointment (VAS is 
2.57). The participants felt that the toothbrush bristles are neither too hard or too soft 
(4.87) nor felt pleased. They scored the use of this manual toothbrush with a 6.04, which is 
close to the mean value of 5. A brushing exercise without the use of dentifrice was judged 
as unpleasant (3.07). Prerinsing with water was felt moderately pleasant (6.66), and the 1 
min rinsing duration seems appropriate (6.18).
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Figure 1 Flow chart depicting subject enrollment and measurement (22).
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Discussion

The aim of the present study was to compare rinsing with water prior to toothbrushing 
with toothbrushing followed by rinsing on the removal of dental plaque. The plaque scores 
were reduced by more than 55%, whereas no difference was obtained between the two in-
terventions. Similar results were also found for the subanalysis on various surfaces.

Study design used
Bentley and Disney (16) evaluated the comparison of partial and full-mouth scores of pla-
que and gingivitis without com- promising study quality. Their analyses showed that all-
teeth, the Ramfjord teeth, half mouth and molars/anteriors revealed a similar pattern as 
whole-mouth and proximal areas. The present study used an examiner blind split-mouth 
model with randomly assigned contra-lateral quadrants for each allocation. The advan-
tage of this design is that it reduces interindividual variability from the estimates of the 
treatment effect, because participants acted as their own control (23). Also the impact of 
the ‘Hawthorne effect’ of present study would have impacted both interventions similar-
ly because the same operator performs both interventions in the same oral cavity. The 
split-mouth randomization was applied in the current design in such a manner that all 
participants contributed with two quadrants to the prebrushing rinse and with two to the 
post- brushing rinse data. The rationale for using contra-lateral quadrants is that the skills 
of the individual using the brush may affect plaque removal. To rule out the influence of 
dexterity, contra-lateral quadrants were randomly assigned. This has been used in pre-
vious brushing evaluations also using the same plaque index (24,25). Additionally, only 
right-handed brushers were included, because a previous investigation showed a signifi-
cant difference between right- and left-handed participants (13).

Rinsing procedure used
The results of a meta-analysis have demonstrated that a commercially available pre-
brushing rinse has a positive effect on reducing plaque score levels (7). The present study 
evaluated solely the additional effect of water as a prebrushing rinse. Based on the data of 
a previous study (26), a rinse volume of 15 ml was used for this experiment. On a 0–10 VAS 
scale (extremely unpleasant to very pleasant), participants felt that rising with water was 
moderately pleasant with a mean VAS score of 6.66.

N=48 Post-brushing rinse Pre-brushing rinse Statistical analysis*

Baseline 1.69 (0.32) 1.66 (0.33) 0.095

End 0.75 (0.34) 0.76 (0.33) 0.935

Incremental difference 0.95 (0.20) 0.91 (0.21) 0.162

% Reduction 58% (15) 57% (15) 0.722

Table 1 Overall dental plaque scores on baseline and end presented by mean and SD (standard deviation) when 

post- and pre- brushing rinse with water was performed.

* Paired sample T-test
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Rinsing duration has also been evaluated in previous work. Paraskevas et al. (27) showed 
that the intra-oral spread of the mouthrinses in relation to the rinsing periods of 15, 30 and 
60 s. Rinsing with 30 s was sufficient to allow all plaque-covered surfaces of the dentition 
to come into contact with the solution. To be on the safe side regarding spread and optimal 
wetting of the dental plaque for the present study, 1 min prerinsing duration was used. The 
participants evaluated this duration on a scale from too short up to too long as 6.18. This is 
just above the neutral score of 5.00 of being neither too short nor too long.

Brushing procedure used
Recently, in a metareview concerning the evidence as presented in systematic reviews, the 
efficacy of available home-care toothbrush regimens for mechanical plaque removal on 
plaque and gingivitis in adults was evaluated. The conclusion was that tooth brushing is 
effective in reducing levels of dental plaque (28). The efficacy in plaque removal following 
a brushing exercise is a reduction from baseline plaque scores of 42% between pre- and 
post-brushing on average, with a variation of 30–53% dependent on the plaque index used. 
This variation based on plaque indices is also supported by the results of a study by Binney 
et al. (8) showing that the overall effect of brushing upon plaque reduction with the Quig-
ley & Hein Plaque Index (29) was 27%, whereas in the same participant, a 64% reduction in 
‘plaque area’ scores was observed. The results of the present study have shown that using a 
manual toothbrush and assessing plaque according to Silness & Löe plaque index 57% and 
58% reductions are observed for the pre- and post-brushing water rinse, respectively. An 
explanation for more plaque removal in the present study as compared to Slot & Van der 
Weijden (28) may in part be explained by the Silness & Löe plaque index used (18). Even a 
difference in outcomes between the Turesky (30) and Lobene (31) modification of the Quig-
ley & Hein Plaque Index (29) has been shown (20). Also, the supervised brushing may have 
improved efficacy. This supervision is often performed in research to make sure that the 

Sites N=48 Post-brushing rinse Pre-brushing rinse Statistical analysis*
B

uc
ca

l

Baseline 1.49 (0.58) 1.48 (0.55) 0.957

End 0.30 (0.27) 0.38 (0.29) 0.121

Difference 1.18 (0.51) 1.11 (0.42) 0.294

Li
ng

ua
l

Baseline 1.53 (0.45) 1.45 (0.46) 0.125

End 0.49 (0.33) 0.52 (0.36) 0.531

Difference 1.04 (0.36) 0.93 (0.36) 0.049**

A
pr

ox
im

al

Baseline 1.79 (0.29) 1.74 (0.31) 0.027**

End 0.91 (0.43) 0.89 (0.40) 0.506

Difference 0.88 (0.24) 0.85 (0.23) 0.218

Table 2 Sub-analysis evaluating dental plaque scores for the buccal, lingual and approximal sites separately.

Data are presented by mean and SD (standard deviation) in relation to a specific sequence in brushing order.

* Paired sample T-test

** Significant difference between the groups (P<0.05)
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study procedures including brushing duration are performed according to the protocol. 
Finally, also the non-oral hygiene period prior to the clinical assessment may have affected 
the plaque score reduction. The longer the plaque could accumulate freely on the dental 
surfaces, the higher the plaque score reduction. An explanation could be that if there is 
more plaque present on the tooth surface, there is simply more plaque to remove (20).
In the present study, no dentifrice was used during the brushing procedure. Based on the 
VAS questionnaire regarding this aspect, the participants’ perception was that this was 
not considered to be pleasant. Already, half a century ago, this was also evaluated. The ge-
neral reactions of participants who used no dentifrice were most unfavourable (32). The 
use of a dentifrice is in general stimulated by many factors such as pleasantness of flavour 
and aftertaste, foaming quality, mouth feel during application, removal of tooth stain, fee-
ling of freshness and cleanliness (33). This also contributes to confidence of not offending 
others by ‘bad breath’ (34). However, the effect of dentifrice on plaque removal compared 
to brushing with only water showed that the reduction in plaque index by brushing with a 
dentifrice was less marked than brushing with water (28). Already, in 1967, Bergenholtz et 
al. (35) reported that brushing without dentifrice was more efficient than similar brushing 
with dentifrice. The findings in Binney et al. (8) demonstrated that none of the commercial 
dentifrices tested possessed plaque removal properties of clinical significance and cer-
tainly little greater than what might be achieved with water or a slurry of toothpaste.

Post-brushing rinsing
Rinsing with water after brushing with fluoride toothpaste can reduce the benefit of 
fluoride toothpaste. Davies et al. (36) recommend discouraging rinsing with water after 
brushing. As an alternative, a fluoride mouthrinse can be used after brushing. Because 
most people are used to rinsing after brushing, this will certainly help compliance. This 
recommendation could have a beneficial effect for caries control.

N=48
Extreme

Mean (SD)
From To

1 What do you think of refraining 48 hours before the appointment? Uncomfortable Comfortable 2.57 (1.57)

2 I think the toothbrush is cleaning my teeth well enough? Not agree Totally agree 6.04 (2.05)

3 I think the bristles are… Very hard Very soft 4.87 (1.65)

4 I think brushing without a dentifrice is… Unpleasant Pleasant 3.07 (2.45)

5 I think rinsing with water is… Unpleasant Pleasant 6.66 (1.68)

6 I think the time of rinsing (1 minute) is... Too short Too long 6.18 (1.35)

Table 3 Questionnaire related to the self-perception of the participants using a Visual Analogue Scale (VAS) 

presented as mean and standard deviation (SD) with negative extremes on the left and positive extremes on the 

right(from 0 to 10).
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Limitation and directions for further research
-  The current study presents the results of young healthy adults. Older adults with wider 

interdental spaces might show different results.
-  The effect of post-brushing rinsing with water may have an additional effect on plaque 

removal. This aspect has not been studied before so that the potential impact on outcomes 
is unclear. 

-  In the present study, we used a new- and prewetted toothbrush for each intervention. 
O’Hehir and Suvan (37) suggested that lingual surfaces should be dry-brushed first. In a 
practice-based evaluation, they noted significant improvements. Both these aspects could 
be the topic of future evaluations.

Conclusion

When a 2 min brushing exercise was performed, plaque score reduced by more than 55%. 
The study does not support that the use of a prebrushing rinse provides a greater effect 
than mechanical plaque removal by a manual toothbrush.
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Abstract

Aim
This paper is a secondary analysis comparing the effects on plaque removal of brushing 
with a dry toothbrush and brushing with a pre-wetted toothbrush. 

Methods
The participants had been included in two previous experiments involving single-brushing 
exercises. The 46 non-dental participants were systemically healthy and ≥18 years of age. 
In the first experiment, the control intervention was brushing with a pre-wetted tooth-
brush, while during the second experiment it was brushing with a dry toothbrush. Both 
experiments scored plaque before and after the brushing exercises and assessed partici-
pants’ perception. The data of these two previous experiments were compared in this se-
condary analysis. 

Results
Plaque levels before the brushing exercises were not significantly different (P = 0.054). 
Plaque score reduction following brushing with a dry toothbrush was 58%, while with a 
pre-wetted toothbrush it was 57%. The mean plaque index score reduction of 0.08 between 
a dry and a pre-wetted toothbrush was not significant (P = 0.096). Pre-wetting the parti-
cipants’ toothbrush had no influence on the perception of toothbrush filament stiffness 
(P = 0.410) nor on the perception of cleaning capability (P = 0.449). In both experiments, 
brushing without dentifrice was judged to be unpleasant. 

Conclusion
On average, following a two-minute brushing exercise, 57% or more dental plaque was 
removed. Dry brushing did not contribute significantly to toothbrush efficacy. The parti-
cipants did not find that pre-wetting a toothbrush influenced the cleaning capability and 
filament stiffness.
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Introduction

Teeth that are consistently surrounded by inflamed gingiva have a significantly higher 
risk of being lost (1). A determinant of the initiation of gingivitis (2) is supra-gingival pla-
que accumulation, which involves an established bacterial colonization on the dentition. 
Dental plaque control through routine oral hygiene is therefore important (3). It is well es-
tablished that the toothbrush is effective in reducing levels of dental plaque on the surfaces 
of teeth (4), meaning that it plays an important role in the prevention of periodontal disea-
ses (5). While brushing is a simple and effective means of removing dental plaque, there is 
clearly room for improvement (6). Oral hygiene is apparently a public and personal health 
issue, and improved hygiene could be expected to result in benefits in terms of periodontal 
disease and dental caries (6).
It is common practice to combine a toothbrush with dentifrice. Not only do many peop-
le like the resultant flavour and freshness, but it also provides the subjective impression 
of making the mouth feel clean (7). Dentifrice also adds a smooth feeling to tooth surfa-
ces. In 1998, the concept of ‘dry brushing’ was introduced: brushing without dentifrice 
and a toothbrush not wetted with water (8). The purpose of this was to avoid the smooth 
perception of tooth surfaces being the results of reduced surface tension, as provided 
by surfactants of a dentifrice. In addition, a recent systematic review demonstrated that 
brushing with a dentifrice does not improve the efficacy of mechanical plaque removal (7). 
It is suggested that dry toothbrushing increases peoples’ ability to feel the bacterial bio-
film, as well as to feel the difference in dental plaque on the tooth surfaces before and after 
brushing (9). Patients are instructed to start brushing on the lower lingual surfaces and to 
brush until all of the teeth feel clean. In a second variation of the experiment, dentifrice is 
added and the teeth are brushed once more. In a multicentre practice-based observational 
study, significant improvements in gingival bleeding were observed after six months of 
dry tooth brushing (8).
Currently, there is no high-quality research that has shown that dry brushing is indeed a 
more effective method. Plaque removal with a dry toothbrush has not been compared to 
that of a pre-wetted toothbrush with water. Recently, we published two (10,11) similar sin-
gle-brushing exercises of which one included brushing with a pre-wetted (10) and the other 
brushing with a dry toothbrush (11). These experiments were performed under the same 
conditions with the same participants and the same examiners.
Therefore, a secondary analysis could be performed using the available data of both pre-
vious experiments concerning the effectiveness of a dry toothbrush as compared to a 
pre-wetted toothbrush. 
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Materials and methods

The recommendations for strengthening the reporting were followed, as suggested by the 
guidelines outlined in Consolidated Standards of Reporting Trials (CONSORT) (12) and the 
checklist of the Template for Intervention Description and Replication (TIDieR) (13) were 
used. 

Ethical procedures
Both original experiments approximated the Good Clinical Practice (CPMP/ICH/135/95) 
guidelines, in agreement with the ethical principles of the Declaration of Helsinki (2013) 
and in accordance with the Medical Research Involving Human Subjects Act (WMO), as 
well as applicable local regulations. The experiments were approved by the medical ethical 
committee at Amsterdam Medical Centre (#2014_118) and were registered at the Dutch Tri-
al Register (#NTR4604). The experiments took place at the Department of Periodontology 
of the Academic Centre for Dentistry of Amsterdam (ACTA) in the Netherlands in the pe-
riod from June until September 2014 . Before enrolment, all volunteers were given verbal 
and written information concerning the aim, rationale and duration of the original expe-
rimental aims. The investigator explained the details and potential risk involved. Prior to 
the study procedures, an informed consent form was signed by all eligible subjects that 
had agreed to participate, who were informed that they were free to withdraw at any time. 
Both previous experiments are separately published in the public domain as full scientific 
papers (10,11).

Recruitment and inclusion
The participants had been included in two previous experiments involving two sin-
gle-brushing exercises (10, 11). They had been recruited from various universities and col-
leges in and around Amsterdam and had been screened by a dental hygienist (MPCL). To 
qualify for inclusion, the subjects were required to be ≥18 years old, right-handed brushers, 
classified as systemically healthy (as assessed by the medical questionnaire), periodontal-
ly healthy (scoring the DPSI ≤3 minus) (14) and retaining ≥5 teeth per quadrant. Excluded 
were those who presented the researchers with any of the following: an orthodontic ap-
pliance or a removable (partial) denture, overt caries, any pathological alterations of the 
oral mucosa, pregnancy or the use of medications within two weeks of the appointment. 
The latter included antibiotics or chronic use of non-steroidal anti-inflammatory drugs, 
although it excluded birth control pills. 

Design 
Both clinical experiments had a single-examiner blind design and used a split-mouth 
model in which contra-lateral quadrants were randomly assigned to treatment (15). The-
re was one study coordinator (EVDS), who supervised the assignment of both brushing 
procedures. A priori sample-size calculations revealed that at least 40 participants were 
needed to be able to reject the null hypothesis that the response difference was zero with a 
probability (power) of 0.8 (10,11). Each participant received a unique subject identification 
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number that was used in both experiments. No stratification was applied. Randomization 
was performed within each experiment, using true random numbers that were generated 
by sampling and processing a source of atmospheric noise (16). The randomization code 
was kept in a sealed envelope in the investigator site file and was only accessible though 
the coordinator, who was therefore responsible for allocation concealment. To conceal the 
intervention from the examiners, the participants were instructed to not reveal their as-
signment in any way. Records of earlier examinations were not available to the examiner 
at any time. 

Outcomes
In the first experiment, a pre-wetted toothbrush (10) was used and in the second experi-
ment a dry toothbrush (11). The data of the control interventions of these two experiments 
were compared in this secondary analysis. The main study parameter was the level of 
dental plaque scored according to the criteria of the modified Plaque Index (PI) (17,18). 
Throughout the experiments, examinations were sequentially carried out by one and the 
same experienced trained examiner (NLHH) under the same conditions. The secondary 
outcome was an evaluation of the self-perception of the participants as derived with the 
aid of a visual analogue scale (VAS) (19). After the assessment, the participant completed 
the questionnaire, which has been designed to evaluate their opinion and their percepti-
on concerning the 48-hour non-brushing period, the toothbrush and the procedure used. 
They were requested to place a vertical mark on a 10-cm long uncalibrated line (0-10). The 
left extreme represented the negative (score 0), whereas the right extreme represented the 
positive (score 10). The investigator measured the distance along the line from the left ex-
treme to the marking made by the participant. 

Study procedure
Text messages (Short Message Service) were sent to remind each participant before the vi-
sits concerning the study procedures and appointments. A 48-hour non-brushing period 
was instigated in order to accumulate an adequate amount of plaque to assess the incre-
mental effect on plaque scores of both single-brushing exercises. Firstly, a full-mouth den-
tal plaque score was performed. Before the brushing exercise of each visit, a short verbal 
instruction was given to the participant. The supervised brushing procedure was perfor-
med according to the bass-method (20), using a new Oral-B indicator P35 soft toothbrush 
without dentifrice for each experiment. The brushing order was carefully standardized 
and controlled, including guidance through the randomized set of contra-lateral qua-
drants. Each buccal or lingual side of a quadrant was brushed for 15 s, meaning that a total 
of 30 s was spent per quadrant, as controlled through the use of a timer. No mirror was 
available during the brushing procedures, and the participants were able to expectorate 
if necessary. 

Statistical analysis 
The data of both experiments were merged and allocated. Only participants that comple-
ted both experiments were taken into account for this secondary analysis (per protocol 
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Figure 1 Flow Chart depicting subject enrollment and measurement (12).
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analysis). The data of two contra-lateral quadrants that were used in both experiments as 
control sites were extracted. The statistical analysis was performed using a statistical pack-
age (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: 
IBM Corp). The primary parameter was the overall dental plaque score for which the mean 
and standard deviation of all readings were calculated for each participant. In addition, 
the mean incremental difference and proportional change were computed. Dental plaque 
scores were analysed by each regimen. The mean scores and standard deviation regarding 
the VAS questions were calculated. A parametric statistical approach was used through a 
paired sample T-test. Values of p≤0.05 were accepted as statistically significant. 

 
Results

Participants 
In Figure 1, the study design flow of both experiments is illustrated, including the same 
participants and performed by the same research group. Regarding eligibility, a total of 50 
participants were assessed and, accounting for potential drop-outs, 48 participants were 
included for the first experiment (10). From the same study population, 46 participants 
also willingly entered the second experiment (11). The two other participants lost to the 
follow-up experienced scheduling conflicts, which was interpreted as drop-outs unrelated 
to the interventions. Therefore, a total of 46 participants could be included for this secon-
dary analysis. The mean age was 22.5 (2.86), with a range of 20 to 34 years. More female 
participants were included in these clinical experiments (N=27; 59%) than men (N=19; 41%). 
No adverse events were reported. 

Primary outcome 
Table 1 shows the mean and standard deviation of the overall dental plaque scores of 
brushing with a dry toothbrush and a pre-wetted toothbrush. For pre-brushing, the mean 
plaque scores were not significantly different (P = 0.054). With regard to post-brushing, the 
mean plaque scores also did not differ significantly (P = 0.713). A mean plaque score reduc-
tion of 0.75 (0.33) with the pre-wetted toothbrush was found, while the dry toothbrush sho-
wed a reduction of 0.76 (0.38). The numerical incremental mean difference of 0.08 between 
the regimens was not statistically significant (P = 0.096). 

Analysis of covariance
Pre-brushing plaque scores were close to being significantly different (P = 0.054), which 
could have affected the primary outcome. Therefore, in addition, an analysis of covari-
ance (ANCOVA) was performed. For this analysis, the pre-brushing scores were used as 
a covariate. A statistical difference was not detected for either the post-brushing scores  
(P = 0.269) or the incremental differences (P = 0.269).
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Secondary outcome
A questionnaire regarding the participants’ perception was completed in both expe-
riments. In total, four questions were identical and could be analysed in this secondary 
analysis (Table 2). The specific instruction to refrain from oral hygiene for 48 hours was 
experienced as most uncomfortable experience in both experiments (2.57 and 2.59 res-
pectively). Brushing without dentifrice was also judged to be unpleasant irrespective of 
the fact whether the toothbrush was dry (3.21) or pre-wetted (3.01). Toothbrush filament 
stiffness was judged to be in the middle between soft and rigid (4.87) for the pre-wetted 
toothbrush and 3.21 for a dry toothbrush (P = 0.410). The perception of cleaning capability 
received mean VAS scores of 6.04 and 6.29. None of the outcomes to the questions indicated 
a significant difference between dry brushing or brushing with a pre-wetted toothbrush.

N=46 Pre-wetted toothbrush Dry toothbrush P-value* P-value**

Pre-brushing 1.65 (0.34) 1.74 (0.30) 0.054

Post-brushing 0.75 (0.33) 0.76 (0.38) 0.713 0.269

Incremental difference 0.90 (0.20) 0.98 (0.31) 0.096 0.269

% Reduction 57% 58%

Table 1 Overall dental plaque scores on pre- and post-brushing presented by mean and SD (standard deviation) in 

relation to the use of a dry toothbrush or pre-wetted toothbrush. 

* Paired sample T-test

** Univariate analysis of variance with pre-brushing scores as covariance 

N=46
Extreme Pre-wetted 

toothbrush
Dry 
toothbrush

Statistical 
analysis*From To

1
What do you think of refraining 
from 48 hours before the 
appointment?

Very

uncomfortable

Very 

comfortable
2.57 (1.57) 2.59 (1.73) 0.930

2
I think the toothbrush is cleaning 
my teeth well enough...

Totally not 

agree
Fully agree 6.04 (2.05) 6.29 (1.93) 0.449

3
I think that the stiffness of the 
toothbrush filament is...

Very soft Very rigid 4.87 (1.65) 3.21 (2.45) 0.410

4 Brushing without toothpaste was…
Very 

unpleasant
Very pleasant 3.01 (2.45) 3.21 (2.33) 0.711

Table 2 Questionnaire related to the self-perception of the participants using a Visual Analogue Scale (VAS), 

presented as mean and standard deviation (SD) with negative extremes on the left and positive extremes on 

the right (from 0 to 10).

* Paired sample T-test
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Discussion

Approximately twenty years ago, it was suggested that brushing without dentifrice allows 
the patient to more distinctly feel the layer of dental plaque before and after brushing. This 
was considered not to be the case with a dentifrice due to associated flavour and wetting 
agents (8). By the use of a secondary analysis, the aim of this paper is to evaluate the effecti-
veness of a dry toothbrush as compared to a pre-wetted toothbrush on plaque removal. The 
overall reduction in dental plaque scores was at least 57% following a two-minute brushing 
exercise (pre-wetted toothbrush 57%, dry toothbrush 58%). Consequently, dry brushing did 
not contribute significantly to toothbrush efficacy. Based on the results of this secondary 
data analysis, the recommendation to use a dry toothbrush is not supported by eviden-
ce. Pre-wetting a toothbrush neither improved nor reduced plaque removal efficacy. The 
minimal 57% overall reduction in dental plaque scores found in the present analysis was 
higher than the 42% reduction established as the average effect that can be expected from a 
brushing exercise (21). This implies that the participants of the present experiments were 
above-average brushes. There are almost twice as effective as the average participant of 
those studies reporting efficacy according to Quigley and Hein plaque scores (22), who on 
average achieved a 30% reduction (21). Supervised brushing may have improved plaque 
score reduction in the current experiment. Supervision was performed to ensure that the 
study procedures including brushing duration were according to the protocol (23). 

The concept of ‘dry brushing’ was introduced based on a multi-centre observational study 
(8). However, this study however lacks a control group. Furthermore, for evaluating the 
effectiveness of interventions, a randomised controlled trial (RCT) would be more appro-
priate, as RCTs are generally placed at the top of the research hierarchy when considering 
original experimental studies. This secondary analysis used the data of two previous ex-
periments and found a larger effect in overall reduction in dental plaque scores compared 
to the dental plaque score reduction as shown as the average effect of a single brushing 
exercise (22). The advantage of the larger effect size is that it is possible to detect a diffe-
rence between interventions in smaller sample numbers, whereas a smaller effect size 
would require larger sample sizes (24). Subsequently this secondary analysis shows that 
dry brushing does not contribute to plaque-removing efficacy. 

Study design used
Both original experiments were based on a split-mouth randomization (15). The partici-
pants with a dry toothbrush brushed as a control intervention in one experiment (11), whi-
le they brushed with a pre-wetted toothbrush in the other experiments (10). In each expe-
riment, the population brushed one set of the two randomized contra-lateral quadrants 
(either the 1st and 3rd or the 2nd and 4th quadrant), as the control treatment was similar 
for each participant quadrants in the two experiments. Because this was a secondary ana-
lysis, the interventions (dry or pre-wetted) were not randomized. Theoretically, the exa-
miner could have known which intervention was performed in each experiment, which 
may have influenced the judgement. However, if existent, the impact of this influence is 
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presumably small because in each experiment another intervention was also performed 
in the opposing quadrants assigned for the test (e.g. pre-rinsing with water (10) and a spe-
cific brushing sequence (11)). The examiner was blinded for the two randomized interven-
tions (test and control). In fact for in the present analysis the randomization of dry and wet 
brushing was not performed. The decision to compare the data on the use of a dry or a wet 
toothbrush was made after both previous experiments had been published and the aims 
of both papers were different from the present analysis. Since the conceptual idea of this 
secondary analysis evaluating a dry toothbrush to a pre-wetted toothbrush on plaque re-
moval was developed after analysing the data from the previous two original experiments, 
the lack of randomization has most likely also not influenced the examiner. 

Several ‘dry brushing’ definitions 
Dry tooth brushing was already reported over thirty years ago (25) and was described as 
brushing ‘without the use of a dentifrice’. In those days, this was suggested to minimize the 
classroom disruption and the length of time associated with daily brushing in a kindergar-
ten classroom. In addition, other studies most likely reported the use of a ‘dry toothbrush’ 
as brushing without dentifrice (26,27), although this was mainly for practical or research 
purposes rather than the intention of improving plaque removal. The original O’Herir and 
Suvan 1998 (8) study suggested that dry tooth brushing was both without dentifrice and 
without water. A recent systematic review establishing the efficacy of brushing with and 
without a dentifrice for dental plaque removal (7) did not explore whether or not the brush 
in the underlying papers was pre-wetted. The current study is the first of its kind to speci-
fically evaluate the use of a new toothbrush wetted with water before its use in the mouth 
compared to an identical new and dry toothbrush. Considering that there are more options 
on how a ‘dry toothbrush’ can be interpreted in the literature, it is advisable that studies 
should report interventions in greater detail. For the ultimate reliability and complete-
ness of interventions, the Template for Intervention Description and Replication (TIDieR) 
checklist is developed (13). The TIDieR checklist and guide should improve the reporting 
of interventions and facilitate authors structuring accounts of their interventions, revie-
wers and editors assessing the descriptions and readers using the information. The use 
of this checklist in addition to the CONSORT (12) is a recommendation for the reporting of 
research in the future. 

Participant’s perceptions 
Another finding of the current study is that participants do not appear to like brushing 
without a dentifrice, irrespective of whether or not the brush is pre-wetted. As early as 
1960, Dudding et al. (29) concluded that almost 50% of people would not brush their teeth 
if they could not use a dentifrice. These patient-reported outcomes have become more im-
portant and meaningful over time (30), as these directly reflect how the participant feels 
or functions in relation to his/her health condition. Therefore, in the present studies, the 
self-perception of the participants was assessed by using the VAS. The fourth question of 
Table 2 illustrates that, in both original experiments, the participants brushing without 
dentifrice score on the negative side of the VAS. It was judged on a scale of zero to ten  
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where ‘5’ is considered as neutral, with mean scores of 3.21 and 3.01 the perception on the 
left (negative) side of the perception. Traditionally, dentifrices have played an important 
role in improving oral freshness and combatting tooth discoloration (7,31,32), and this may 
subsequently stimulate daily oral self-care. As suggested by Valkenburg et. al (2016) (7), 
future research into the psychosocial factors that might influence attitude towards and 
performance in oral hygiene is needed (33). Dentifrices are also the most effective fluoride 
carriers, and their contribution to the prevention of caries is well established (34). They 
may also contain chemical agents for the treatment of malodour, staining, caries, gingivi-
tis, dental plaque, dental calculus, demineralization and dentinal hypersensitivity (32,35). 
The present study did not use dentifrice; a direction for further research may be the use 
of a dry or pre-wetted toothbrush in combination with dentifrice, as wetting may improve 
the availability of chemotherapeutic agents from the paste.

Secondary analysis
Currently, a secondary analysis is a rather uncommon method of analysis in dental rese-
arch. A combination of data sharing and secondary analysis of archived data can contri-
bute to the advancement of knowledge and greater transparency in scientific inquiry (36, 
37). The analysis of existing data is a cost-efficient way to make full use of data that have 
already been collected. This is done in order to both address new research questions and 
provide a considerate assessment of the primary results of the original study (36). Until 
recently, there was no guideline for systematic, transparent and complete reporting of se-
condary data. However, a Standardized Reporting of Secondary Data Analyses (STROSA) 
statement has been published in the German language. This includes 27 items regarding 
methodological quality and supports authors and readers in critical appraisal (37,38). This 
checklist was translated by the authors of the present paper and adapted for the present 
study. It is available as appendix (S1). 

Limitations
-  Earlier research has suggested that, without dentifrice, people brush for much longer 

and more evenly around the mouth (9). In order to reduce the number of variables, in 
the two original experiments, time was restricted to 30 second per quadrant, and partici-
pants were supervised and guided through the brushing procedure. Therefore, the possi-
ble stimulating effect of brushing without dentifrice could not be evaluated.

-  The experiments were well controlled and performed in a clinical setting. Participants 
possibly could have been more at ease while brushing at home and may have behaved ac-
cordingly differently. 

-  Regardless of whether it is wet or dry, a toothbrush is also moistened with the saliva of the 
user as soon as it is used in the oral cavity. 
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Conclusion

On average, a two-minute brushing exercise removed at least 57% of dental plaque. Dry 
brushing did not contribute significantly to toothbrush efficacy. The participants did not 
find that pre-wetting a toothbrush influenced filament stiffness and the cleaning capability. 
They also perceived brushing without dentifrice to be uncomfortable. 
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Appendix S1 Standardized Reporting Of Secondary data Analyses (STROSA) statement regarding methodological 

quality. This checklist is translated by the authors of the present paper and filled in (37-38).

Number Criteria Page

1 Title and abstract 1

2 Keywords 2

Introduction 

3 Background and Rationale 5

4 Objectives 5

Methods

5 Study design 7

6 Data source 6

7 Legal 6

8 Data protection 7

9 Flow chart 9

10 Selection criteria 6

11 Analysis 9

12 Variables 7

13 Study size 9 

14 Statistical methods 8

Number Criteria Page

Results 

15 Selection of the study population 6, 7

16 Descriptive results 9

17 Main results 9, 10

18 Further results 11

Discussion 

19 Main results 11

20 Internal validity and risk distortion 11, 12 

21 Strengths and weaknesses 11, 12

22 Interpretation 12

23 External validity 11, 12

Conclusion 

24 Conclusion 14

25 Financing/ sponsor 1, 14

26 Authors’ responsibility Online 

27 Conflict of interest 1
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Abstract 

Aim
To assess the effects of water on the parameters of ‘morning bad breath’ (MBB) and to evalu-
ate whether there is a difference between rinsing with water and drinking a glass of water. 

Methods
 A total of 50 participants were recruited and were randomly divided into two equal groups. 
One group rinsed with 15 ml of water for 30 s, and another group drank 200 ml of water 
within 30 s. Clinical assessments were carried out during one visit between 7:30 am and 
12:00 pm. Pre- and post- intervention measures were assessed organoleptically as primary 
outcome parameters, and a secondary outcome parameter was assessed using both the Ha-
limeter® and OralChroma™ apparatuses to evaluate volatile sulphur compounds (VSCs), 
hydrogen sulphide (H₂S), methyl mercaptan (CH₃SH) and dimethyl sulphide ((CH₃)₂S). In 
addition, the presence of tongue coating (discoloration/thickness) and tongue fissures was 
assessed. 

Results
All 50 participants completed the study. In both groups, a significant reduction in the or-
ganoleptic score and the OralChroma™ H₂S and CH₃SH readings was obtained after the in-
tervention. Both regimens resulted in a CH₃SH reduction of approximately 60%, whereas 
the reduction in H₂S was between 30% and 50%. The acceptable change between pre- and 
post- assessments of the clinical parameters was not significantly different between the 
drinking and rinsing groups. 

Conclusion 
Rinsing with water or drinking a glass of water had a statistically significant effect on the 
MBB parameters. No significant difference was obtained between the two regimens.
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Introduction

Halitosis is a general term used to describe an unpleasant or offensive odour emanating 
from the oral cavity. A precise estimate of the prevalence of halitosis is not possible. In 
different parts of the world, different assessments and cut-off points are presented in the 
literature, resulting in a prevalence range of 2–42% (1). Several (non-oral) pathological con-
ditions have been related to oral malodour, including infection of the upper and lower re-
spiratory tracts, infection of the gastrointestinal tract, and some metabolic diseases invol-
ving the kidneys or the liver (2). However, clinical surveys have shown that approximately 
90% of all bad breath odours originate in the mouth (3).
It is well accepted that the pathogenesis of oral malodour is associated with the bacterial 
degradation of sulphur-containing amino acids (methionine, cysteine and cystine) into vo-
latile sulphur compounds (VSCs), the principal components of which are hydrogen sulphi-
de (H₂S), methyl mercaptan (CH₃SH) and, to a lesser extent, dimethyl sulphide ((CH₃)₂S) 
(4–9).
Increased public awareness and demand for oral malodour remedies have resulted in a 
substantial growth of the breath industry and in saturation of the market with breath-im-
proving products such as mints, chewing gum, breath sprays and pills. Although some of 
these products provide modest breath improvement, the majority have only a short-term 
‘masking’ effect on bad breath and are essentially ineffective (10). Due to the importance 
of social interactions in contemporary society, many populations in countries around the 
world are becoming increasingly concerned about halitosis and now pay more attention to 
this condition. This concern was reflected in the results of a telephone survey in which 60% 
of American women and 50% of American men reported the use of cosmetic breath-freshe-
ning products (11).
After sleeping, malodorous breath upon awakening is a common condition known as 
‘morning bad breath’ (MBB). This problem tends to be transient in nature, in contrast to 
persistent halitosis. Both halitosis and MBB appear to result largely from excessive quanti-
ties of sulphur-containing gases of bacterial origin (6,12,13). Low salivary flow, particular-
ly during the night, creates a favourable environment for bacterial proliferation and pu-
trefaction and results in physiological ‘morning breath’, which is the most common breath 
complaint (6,14–17). To reduce MBB, several consumer websites suggest that rinsing with 
or drinking water upon awakening is effective (18) because MBB can be caused by a dry 
mouth. The hypothesis is that drinking water helps to stimulate the production of saliva 
and to saturate the whole mouth (19–21). However, rinsing with water is also suggested as 
a remedy for dry mouth (22); therefore, it seems to be the obvious first-aid measure to take. 
This home remedy is, however, not supported by any scientific evidence.
Therefore, considering the absence of scientific substantiation, this study was initiated 
with the primary aim of evaluating the effects of the use of water on MBB parameters in 
periodontally and systemically healthy participants. The secondary aim was to compare 
the effects of rinsing with water with those of drinking a glass of water.
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Materials and methods

Ethical procedures
This study adhered to the principles of the Helsinki Declaration, approximating Good Cli-
nical Practice guidelines, and received the approval of the medical ethics committee of Am-
sterdam Medical Centrum (number 2011_302#C2011821). The study was registered in the 
Dutch Trial Register under number NTR3241 and was performed at the ACTA Department 
of Periodontology from October to December 2011. Before enrolment, all participants were 
given verbal and written instructions as well as descriptions of the aim, the rationale and 
the duration of study participation. All eligible subjects who agreed to participate signed 
an informed consent form prior to study enrolment.

Sample size
In the absence of previous studies on this topic, insufficient data were available for a  
priori power/sample size calculations. Furthermore, the guidelines for product testing 
used in the Management of Oral Malodour (2003) by the American Dental Association 
(ADA) (23) make no reference to the minimum number of participants that need to be in-
cluded. An analogous ADA guideline on Floss and Other Interdental Cleaners (24) recom-
mends at least 25 participants per group. Therefore, it was decided to follow this recom-
mendation regarding the sample size, and 50 participants were recruited for this study. To 
verify this decision, a post hoc power analysis was performed.

Recruitment and inclusion
Non-dental students from different universities and colleges in and around Amsterdam 
who had indicated in a database that they were potentially interested in participating in cli-
nical research were notified by email and flyer about applying for a screening appointment. 
Participants with self-reported MBB at least five times a week were potentially eligible for 
inclusion. Potential participants were questioned in the recruitment email and follow-up 
telephone interview about MBB. Question included: Do you suffer from MBB as assessed by 
yourself or as noticed by others? If you suffer from MBB, is this at least five times a week?
Before enrolment, participants provided their written informed consent, which included 
their consent to adopt specific lifestyle rules prior to study initiation. The participants 
were first screened using a questionnaire and were also screened clinically by a dental hy-
gienist. The participants were assessed for the following eligibility criteria: age ≥18 years 
old; classified as systemically healthy, as assessed by the medical questionnaire, and perio-
dontally healthy, as assessed by a Dutch Periodontal Screening Index DPSI score ≤3 (25,26); 
and the presence of at least 5 teeth per quadrant. Respondents who presented with an or-
thodontic appliance or a removable (partial) denture or who were smokers were excluded. 
Additional exclusion criteria were the following: caries, any pathological alterations of the 
oral mucosa, pregnancy, acute sinusitis or severe oral-pharyngeal infections; any medica-
tions that can cause malodour; and a reduced salivary flow due to pathological reasons. In 
addition, respondents who had participated in a clinical study within the previous 30 days 
were not allowed to participate.
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Prior to the experiment, the participants were instructed to adhere to specific lifestyle ru-
les to avoid factors that may influence the oral malodour examination, as suggested in the 
ADA guidelines (23) and described in detail in Box 1 (27).

Design
The study was designed as a randomized clinical trial (RCT). Due to the nature of the inter-
ventions, which demanded active contribution by the participants, they could not be blin-
ded. Figure 1 shows a flowchart (according to the CONSORT statement/guidelines) (28) of 
the study outline and the clinical assessments. Randomization was performed using true 
random numbers obtained via www.random.org, which was performed by an independent 
investigator (DES). This process, which refers to ‘atmospheric noise’, generate true random 
numbers which involves identifying little, unpredictable changes in the data.

Outcome measurements
Assessments were carried out during a single visit in the same room where pre- and 
post-scores were obtained before and after the allocated intervention, which was perfor-
med in another (same) room to ensure that the examiner was blinded to the intervention. 
The clinical assessments were taken between 7:00 am and 12:00 pm for each participant du-
ring the study. Lifestyle rules requested participants to avoid spicy foods, alcohol and the 
use of any kinds of perfume. In addition to appear with an empty stomach on the morning 
of the assessments (see Box 1).

Organoleptic score
The primary MBB outcome variable was the organoleptic score, which was determined by 
one blinded examiner (EvdS) who was a trained and calibrated judge. As a refresher, the 
judge tested the ability to distinguish odours using the Smell Identification Test® (Senso-
nics Inc., Haddon Heights, NJ, USA); in addition, the judge tested the ability to detect odours 
at low concentrations using a series of dilutions of the following substances: skatole, 
putrescine, isovaleric acid and dimethyl disulphide (29). Each participant was instructed 
to close his/her mouth for 2 min and then to slowly open his/her mouth at the request of 

Time before MBB assessment Participants were requested…

>48 h not to eat spicy food or drink alcohol

>8 h to abstain from eating and drinking prior to the assessment

>8 h not to use scented products (shampoo, body lotion, perfume, aftershave, lipstick, make-up)

>8 h not to use, e.g., chewing gum and peppermint drops

>3 h not to drink water

Morning of the assessments to refrain from all oral hygiene practices and come to the clinic while fasting

Box 1 Details of the lifestyle rules to which the participants were requested to adhere to avoid interference of food 

constituents on morning bad breath assessments:
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the examiner. Immediately upon opening the mouth, the judge sniffed the dorsum of the 
tongue of the participant at a distance of approximately 3–5 cm. Participants were instruc-
ted to breathe through the nose through- out this procedure. The judge performed two con-
secutive organoleptic assessments, and the mean of both scores was used as the individual 
organoleptic score. The organoleptic scale was defined as follows: 0 = absence of odour, 1 = 
barely noticeable odour, 2 = slight odour, 3 = moderate odour, 4 = strong odour and 5 = extre-
mely strong odour (6 further modified by 30).

Volatile Sulphur Compound assessments
In addition, VSC assessments were performed using the Halimeter® RH-17 (Interscan Cor-
poration, Simi Valley, CA, USA) and the OralChroma™ CHM-1 using the data management 
software: ABIMEDICAL for Windows version 3.5.0 (FIS Inc. Itami, Hyogo, Japan). Prior to 
the study, a calibration of the apparatuses was performed according to the manufacturer’s 
recommendations. The OralChroma™ and Halimeter® were switched on 24 h before each 
visit to enable them to acclimatize to the ambient air. Before the assessments, each appa-
ratus was calibrated to approximately zero. A second examiner (SCS) was responsible for 
operating this equipment in the absence of the organoleptic judge to avoid introducing any 
feedback bias to the organoleptic assessment based on the outcomes of the oral malodour 
equipment. Before the VSC examinations, each participant was instructed to keep his/her 
mouth and lips closed, to breathe through the nose for 2 min and not to swallow, which 
facilitated the build-up of VSCs in the oral cavity.

OralChroma™
Upon the request of the examiner, the mouth was slightly opened. A sterile disposable sy-
ringe was inserted through this opening into the oral cavity and placed between the front 
teeth. The participant was instructed to avoid touching the tip of the syringe with the ton-
gue. The piston was subsequently pulled to the very end of the syringe to fill the syringe 
with a breath sample from the oral cavity. The syringe was then removed from the oral 
cavity. Any adherent saliva was wiped off the syringe with tissue paper. A gas injection 
needle was connected to the tip of the syringe, and 0.5 ml of the breath sample was discar-
ded. The remaining 0.5 ml of the breath sample was injected into the OralChroma™ with a 
single push. The VSC reading of the OralChroma™ provided the concentration values of 
H₂S, CH₃SH and (CH₃)₂S in (parts per billion) ppb and ng ml-1. These values were recorded 
separately, and chromatograms were printed for analysis.

Halimeter®
The VSCs were also scored using a portable industrial sulphide monitor (Halimeter®; Inter-
scan Corp., Chatsworth, CA, USA). The unit was zeroed to ambient air before each measure-
ment using the technique established by Rosenberg et al. (6). A disposable straw was placed 
between the participant’s front teeth. The participant placed his/her teeth around the straw 
and held his/her breath as the instrument drew air from the mouth to the sensing chamber. 
The operator recorded the peak concentration of VSCs, displayed in ppb. The values were 
recorded, and the mean of these values was determined in ppb of sulphide equivalents.
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Figure 1 Flow chart of the study design and the study population.
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Tongue surface readings as possible confounding factor
The tongue coating (thickness and colour) was examined by the first examiner (EvdS) (25). 
The procedure used to assess tongue coating was a modification of the method described 
by Miyazaki et al. (8) and further described in detail by Gómez et al. (25). The tongue was 
assessed from the vallate papillae to the tip, that is the back third, the middle third and the 
front third (8), as well as from the left to the right, that is the left third, the middle third 
and the right third. For each of the nine sections, discoloration and coating were visually 
assessed. The discoloration was scored on a scale from 0 to 4 (0 = pink, 1 = white, 2 = yellow/
light brown, 3 = brown and 4 = black), and coating was scored according to thickness on 
a scale from 0 to 2 (i.e. 0 = no coating, 1 = light-thin coating and 2 = heavy-thick coating). 
Light-thin coating was scored when the pink colour underneath remained visible through 
the coating. Heavy-thick coating was scored if no pink colour could be observed under the 
coating. For each section of the tongue, more than 1/3 had to be covered to obtain a score 
other than 0. As a potential source of oral bacteria, the presence or absence of fissures on 
the tongue surface was also recorded.

Questionnaire
The participants were asked to provide details about their daily use of oral hygiene tools 
and products. In addition, their own perception of their MBB before and after the interven-
tion was assessed using a visual analogue scale (VAS). On a 10-cm- long uncalibrated line, 
0 corresponded to ‘stale’ and 10 corresponded to ‘fresh’. The participants indicated their 
perception by placing a vertical mark along this line.

Allocation, blinding and intervention
An independent supervisor (RSK) used the obtained allocation randomization sequence to 
assign the participants to the intervention regimen and concealed the allocation from the 
examiners. The instructions were provided to the participants in sealed opaque envelopes, 
and the rinse and drink intervention procedures were supervised. Due to the nature of the 
interventions, the participants were aware of the intervention to which they were assigned, 
but they were requested not to reveal this information to the examiners. The participants 
received and read the detailed written and illustrated instructions in a room shielded from 
the examiners. Based on the randomization sequence, participants were assigned to the 
drink or rinse group. The drink group drank 200 ml water and were instructed to drink the 
200 ml of water calm and gradually within the time frame that was given. The other group 
rinsed with 15 ml water with moderate power on the cheeks, for 30 s. A stopwatch was used 
to keep track of the time of either rinsing or drinking. The water used for both regimens 
was Bar-Le-Duc water [which contained the following compounds: chloride (CI) 10.3 mg l-1, 
calcium (Ca) 47 mg l-1, sodium (Na) 10.6 mg l-1, potassium (K) 0.6 mg l-1, magnesium (Mg) 3.4 
mg l-1, hydrogen carbonate (HCO₃) 170 mg l-1] within 30 s.

Statistical analysis
First, the population demographics were determined for each group with point estimates 
and variability measures. Oral hygiene practices and tongue surface characteristics were 
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indicated by absolute numbers and frequencies. For all parameters (organoleptic and 
VSC), baseline and end data were summarized by the mean and SD first by individual and, 
subsequently, by group. Changes within groups and differences between groups were cal-
culated.
Organoleptic scores (range 0–5) were analysed using the Wilcoxon signed- rank test to as-
sess differences within groups and using the Mann–Whitney U-test to assess differences 
between groups. Because the VSC data from the bad breath apparatus were continuous, 
they were tested for normality using the Kolmogorov–Smirnov test. In cases of non-nor-
mal data distribution, nonparametric tests were used. P-values <0.05 were considered sta-
tistically significant. Statistical analyses were performed using SPSS software (Statistical 
Package for Social Sciences, version 20.0 for Windows). Correlations between organolep-
tic scores and tongue coating thickness/discoloration were analysed using Spearman’s 
rank test.
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Table 1 Subjects’ demographic and oral hygiene practices according to the assigned group regimen. In addition, the 

appearance of the dorsum of the tongue according to the assigned regimen (tongue coating and fissures) is presented.
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Results

Participants
A total of 63 participants were screened for this clinical trial. Thirteen participants were 
excluded, namely six participants who did not attend. Four participants were excluded 
who were not systemically healthy and were using antibiotics. One was excluded because 
he did not consider himself as suffering from MBB. Six participants did not show up for 
their appointment and two cancelled their appointment because of illness. A total of 50 
participants completed the single visit. Figure 1 provides a flowchart of the study design 
and the number of participants involved. The demographics of the participants are presen-
ted by group in Table 1, which includes a summary of oral hygiene practices.

Tongue coating (thickness/colour)
A mean score for each of the nine sections of the tongue surface was calculated (see Fig. 
2/3). The analysis showed no significant difference in total tongue surface discoloration 
scores (P = 0.264) or tongue coating thickness scores (P = 0.158) between the groups. Table 
1 presents the distribution of scores, with the score corresponding to the highest score re-
corded for one or more of the nine sections of the tongue. The appearance of the dorsum of 
the tongue is presented in relation to the assigned regimen. A discoloration score of 3 was 
seldom observed; the highest percentage was observed for discoloration score 2. Regarding 
tongue coating thickness, the highest percentage was found for score 2 in both groups.
With both regimens, tongue discoloration most frequently received a score of 2 (yellow/
light brown) in the posterior- and mid-dorsal regions of the tongue. Tongue coating thick-
ness most frequently received a score of 2 (heavy-thick) in the posterior dorsal sections of 
the tongue. Both tongue discoloration and tongue coating mostly received scores of 0 in 
the anterior sections (pink and no coating, respectively). The prevalence of tongue fissures 
was low in both groups (4–6%).

Primary outcome
Table 2 provides a summary of the outcomes of the organoleptic scores (scale 0–5) for the 
rinsing and drinking regimens. Both regimens yielded a significant decrease in the organo-
leptic score. The score reduction was 0.46 (0.51; P = 0.01) in the drinking group and 0.33 
(0.48; P = 0.05) in the rinsing group. There was no significant difference between the regi-
mens at any time point, nor was the incremental change following the regimen different 
between the groups (P = 0.360). The correlation coefficients between tongue discoloration 
and organoleptic scores (R = 0.248, P = 0.083), as well as between tongue coating thickness 
and organoleptic scores (R = 0.175, P = 0.224), were small and not significant.

Secondary outcome
Most of the VSC outcome data measured by the Halimeter® and OralChroma™ showed a 
non-normal distribution. Table 2 shows that before each regimen, no significant differen-
ces between groups were observed. Following the two regimens, the Halimeter® outcome 
showed a reduction between the pre- and post-intervention results of 11.12 in the drinking 
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group and 14.17 in the rinsing group, neither of which was significant (P = 0.884). Regarding 
the VSC levels as assessed by the OralChroma™ apparatus, there was a significant decrease 
in the levels of the two different gases, H₂S and CH₃SH, in both regimens. (CH₃)₂S showed a 
reverse trend, namely a non-significant increase of 10.77 in the drinking group and 23.14 
in the rinsing group was found. None of the OralChroma™ outcomes related to the three 
gases showed a significant difference between the groups with respect to the incremental 
changes between pre- and post-assessments.

Questionnaire
The mean scores and standard deviations of the subjective perception of the participants 
related to their MBB before and after the assigned regimen were not significantly different 
between the two groups, as demonstrated in Table 3. The change in the VAS score in the 
drinking group was 0.59 (2.00), which was not significant (P = 0.146). The rinsing group 
perceived a change of 1.00 on the VAS scale, which proved to be statistically significant  
(P = 0.001).

Power and sample size calculation
For the post hoc power analysis for the within-group changes in this study (primary aim), 
the pooled standard deviation of the organoleptic scores (0.495) and the average difference 
between the baseline and end scores in both groups (0.395) were used. If the Type I error 
probability associated with the null hypothesis was set at 0.05, the probability (power) of 
rejecting the null hypothesis that the population means at baseline and at the end of the 
experiment were equal was 0.789. For the secondary aim of this study, the post hoc power 
analysis between groups showed that the present study, with a pooled SD of 0.495, a Type 
I error of 0.05, and 25 participants per group, was able to detect a true difference in the 
mean response of 0.4 with a probability of 0.8 (power). The observed difference between 
groups in the organoleptic scores (0.13), with a Type I error of 0.05 and 25 participants per 
group, had a power of 23%.

Discussion

Bad breath in healthy subjects is a cosmetic problem that is analogous to body malodour 
(31). In healthy people, MBB is caused by a proliferation of oral bacteria during sleep, which 
release offending gases. Several papers (12,16,32–35) agreed that the MBB model is suitable 
alternative for testing the clinical efficacy of different treatments for oral halitosis. A regi-
men of drinking or rinsing with water upon awakening has been promoted in the layman’s 
press (see the Introduction) to reduce MBB. However, to the best of our knowledge, this 
home remedy is not supported by any scientific evidence. Therefore, the aims of this study 
were to evaluate the effects of the use of water on MBB and to compare the effects of drin-
king a glass of water with those of rinsing with water in periodontally and systematically 
healthy participants. The primary MBB outcome variable was the organoleptic score (6, fu-
rther modified in 30). The organoleptic score showed, on average, a baseline score >2 in both 



78 Chapter 5

groups. Based on these values, the participants were considered suitable for the present 
investigation of MBB treatment. The results demonstrated that both regimens resulted in a 
significant reduction of the organoleptic scores following the intervention; however, there 
was no difference between drinking and rinsing. When researching oral malodour, it is 
essential to impose lifestyle rules on the participants with regard to eating habits, body hy-
giene, alcohol consumption and abstaining from eating or drinking on the morning of the 
assessment because all of these factors have an impact on MBB. Because the present clinical 
trial was designed as a single visit, issues such as lack of patient compliance with these ru-
les were not considered to play a major role. A practical implication of the present study is 
that prior to an MBB examination, the use of water should be considered as a variable that 
will significantly affect the various outcomes of the assessment. In general, the use of water 
is not considered to have an impact on the outcome parameters. Some authors have even 
suggested that water can be consumed up to 3 h before the assessment (36).

Tongue coating
The level of tongue coating discoloration and thickness was established according to the 
method proposed by G’omez et al. (25). Tongue coating discoloration was especially pre-
sent on the back part of the tongue in the middle section. A score of 2 (heavy-thick) was 
most frequently given for tongue coating thickness in the three posterior dorsal sections 
of the tongue. This result was in agreement with those of Tonzetich et al. (12), who reported 
that tongue cleaning is twice as effective as tooth brushing for reducing oral malodour. 
Therefore, they advised that tongue cleaning should be a part of daily home oral hygiene 
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procedures (37). The tongue coating and discoloration results showed that the tip of the 
tongue had the lowest scores. This finding is agreement with those of Gómez et al. (25), 
whose study of the geographic prevalence of tongue coating showed that most discolorati-
on is found in the dorsal 2/3 of the tongue. In the present population, tongue coating was 
predominantly found in the posterior sections, especially in the middle section. An ana-
lysis of the correlation between tongue coating thickness/discoloration and organoleptic 
scores revealed a small and non-significant correlation coefficient. Furthermore, tongue 
fissures were a rare phenomenon in this study population, implying that the oral malo-
dour data were not confounded by tongue surface appearance.

Halimeter®
According to Iwanicka-Grzegorek et al. (38), the average level of VSCs considered to cor-
respond to ‘no halitosis’, as assessed with the Halimeter®, is defined as an average VSC con-
centration of <75 ppb. Physiological halitosis is defined as an average VSC level ≥75 ppb. In 
the present study, the average Halimeter® scores at baseline were 129.08 and 152.54 in the 
rinsing and drinking groups, respectively, which were both well above the level of 75 ppb, 
indicating that oral malodour was present. According to Brunner et al. (39), the use of a 
combination of Halimeter® and organoleptic scores is recommended because they can be 
obtained easily, reliably and quickly. These authors showed that Halimeter® outcomes ≤50 
ppb indicated 100% ‘no halitosis’, as confirmed by the organoleptic scores. For Halimeter® 
levels in the range of 100–150, the authors observed a 45% agreement with score 1 of the 
organoleptic assessment. The outcome of the present study is within this Halimeter® level 
range; however, the observed organoleptic scores were higher (2.23 and 2.25 for the rin-
sing and drinking groups, respectively). This result may have occurred due to the different 

(N=50)

Drink (N=26) Rinse (N=24) Statistical 
analysis
between 
groups**Pre Post Difference Pre Post Difference

Organoleptic score
2.23

(0.71)

1.77

(0.59)

-0.46

(0.51)* 

2.25

(0.61)

1.92

(0.58)

-0.33

(0.48)*
0.360

Halimeter®
129.08 

(62.45)

117.96 

(52.16)

-11.12

(40.02)

152.54 

(104.56)

138.38 

(81.12)

-14.17 

(76.68)
0.884

O
ra

lC
hr

om
a™

H2S
400.08 

(394.03)

199.65 

(185.46)

- 200.42 

(388.32)*

350.67 

(272.84)

216.79 

(182.58)

-133.88 

(101.39)*
0.923

CH3SH
154.46 

(226.06)

42.38 

(50.90)

-112.08 

(241.75)*

93.50 

(96.71)

32.63 

(46.92)

- 60.88 

(101.39)*
0.930

(CH3)2S
86.73

(61.56)

97.50 

(106.13)

+10.77

(116.82)

60.46 

(54.86)

83.58 

(95.91)

+ 23.13 

(100.37)
0.676

Table 2 Mean (standard deviation) of all clinical parameters from organoleptic and oral malodor apparatus 

assessments (Halimeter®, OralChroma™) during the study for both treatment modalities (rinsing and drinking). 

In addition, the outcome of the statistical analysis is presented.

* Wilcoxon signed-rank test for significant differences within groups (P<0.05) 

** Mann-Whitney U test for significant differences between groups (P<0.05)
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manner in which the organoleptic assessment was performed. The present study judge 
sniffed the tongue surface at a close distance (3–5 cm) to the dorsum of the tongue of the 
participant (6,30), whereas the Brunner et al. (39) examiners sniffed at distances of 10 cm 
and 1.5 m. The results of the present study showed that although a reduction was observed, 
participants still had an organoleptic score close to 2 and a Halimeter® score >75 ppb, which 
can still be considered ‘unpleasant’.

OralChroma™
In addition to the organoleptic score, mouth air was analysed using gas chromatography 
(OralChroma™). H₂S is a major component of physiological halitosis, whereas CH₃S is a 
cause of pathological oral halitosis (40). In the present study, the greatest reduction from 
baseline was found for H₂S (-200 ppb and -133 ppb for the rinsing and drinking groups, 
respectively (Table 2)). Dimethyl sulphide correlates with oral malodour strength (40–42). 
The present results showed a small, non-significant increase in dimethyl sulphide. The ex-
planation for the absence of a significant effect or even of a trend towards an increase may 
be that dimethyl sulphide levels are reported to be more related to extra-oral causes (43). 
It is therefore not surprising that in the present study, no relationship between dimethyl 
sulphide levels and an oral intervention (rinsing or drinking) was observed.

Effect size
In the absence of studies with comparable interventions, this study lacked a proper a pri-
ori power calculation. The lack of significant differences between groups may lead to the 
assumption that this study was underpowered. With respect to the primary aim of this 
study, which was to evaluate the effects of the use of water on MBB, the post hoc power 
analysis revealed that the within-group change had a power of 0.795. The comparison bet-
ween groups was, however, underpowered to reject a false null hypothesis. The incremen-
tal difference in organoleptic scores between groups should have been 0.4 instead of the 
observed 0.13 to have been significantly different with a power of 0.8. The effect size of the 
rinsing regimen on the organoleptic score was 0.33, which was larger than that suggested 
in a recent systematic review on the effect of mouthrinses on oral malodour (10). This sys-
tematic review included twelve papers, and it was concluded that nearly all mouthwashes 

Extreme (N=50) Pre Post Difference P-value **

Stale - Fresh 
(0 - 10)

Drink (N=26) 2.60 (1.96) 3.19 (1.52) 0.59 (2.00) 0.146

Rinse (N=24) 1.66 (1.76) 2.66 (1.66) 1.00 (1.36) 0.001

Difference 0.94 (0.53) 0.52 (0.45) -0.42 (0.49)

P-value* 0.612 0.252 0.399

Table 3 Mean (standard deviation) of the Visual Analogue Scale score of the participants’ perception of their 

morning bad breath as assessed by a questionnaire before and after each regimen (rinsing or drinking).

* Independent samples T-test. 

** Paired samples T-test. Significant difference within the groups, pre- vs. post-assessment (P>0.05) 
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with active ingredients had beneficial effects with regard to reducing oral malodour in 
both the short-term and long-term studies. The review of the short-term studies demon-
strated a small reduction of organoleptic scores resulting from the control mouthwash in-
terventions (0.14–0.20), the magnitude of which was approximately half the effect size of 
the single-use intervention observed in the present study.

Questionnaire
Table 3 shows the participants’ perception of their MBB. The participants reported an in-
creased feeling of freshness with respect to their own MBB after both regimens. This result 
is in line with the organoleptic observation. However, this change in perception was only 
significant in the rinsing group, which indicated that moving the fluid vigorously through 
the mouth most likely had a greater impact on the feeling of freshness than drinking a glass 
of water.

Limitations
No information was gathered with respect to the hours the participants were awake. Alt-
hough appearing on an empty stomach, the change in salivary flow rate could influence 
baseline levels. As spontaneous fluctuation in breath samples has been demonstrated by 
several studies (40,43). This may explain the large differences in OralChroma™ and Hali-
meter® readings, although the ORG readings were rather low. The results could have been 
strengthened if for both apparatus, three breath samples had been taken at each time point 
and averaged these values.

Implications for further research
Seemann et al. 2014 (44) published a paper which summarizes the results of a consensus 
workshop about how to assess and diagnose patients’ breath odour. This paper gives pro-
fessionals a general guideline for the treatment of halitosis. 
The outcome of MBB studies or of any study on oral malodour is influenced by eating ha-
bits and by the use of cosmetics, soaps and deodorants (23,27). Therefore, studies of breath 
odour are usually preceded by a 2-day period during which specific lifestyle rules must 
be followed (Box 1). The outcome of the present study indicates that prior to an MBB as-
sessment, the use of water (rinsing or drinking) will affect the out- comes of such studies. 
Consequently, water use should be considered as part of the lifestyle rules so that it does 
not affect MBB parameters.

Directions for further research
In the present study, the judge assessed the organoleptic score by sniffing the dorsum of 
the tongue of each participant at a distance of 3–5 cm. Several other methods and distan-
ces are described in the literature. For instance, Vandekerckhove et al. (45) assessed nasal 
breath (when the subjects exhaled through the nose while keeping the mouth closed), Evir-
gen et al. (46) assessed air at a distance of 10–20 cm from the nose of the clinician and the 
volunteer in the study by Peruzzo et al. (31) was instructed to slowly release air from the 
mouth at a 10-cm distance from the examiner’s nose. A study to determine the most sui-
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table method for obtaining organoleptic scores should be performed to help standardize 
organoleptic assessments. 
Furthermore, salivary flow rate diminishes during sleep which is considered one factor 
responsible for morning breath odour. It would be interesting to see what odour reducti-
on levels one simply gets by virtue of being awake, with salivary flow restored to normal 
function. Eventually, in further research, specific pathologies in relation to MBB could be 
investigated.

Conclusion

Rinsing with 15 ml water or drinking a glass of 200 ml water had statistically significant effect 
on the MBB parameters. No significant difference was obtained between the two regimens.
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Abstract

Aim 
To compare the effects of a regimen consisting of a tooth/tongue gel, tongue cleaner and 
mouthwash with the effects of using standard fluoride dentifrice on the organoleptic oral 
malodour score (ORG) and volatile sulphur compounds (VSCs).

Methods 
A total, 66 non-dental students participated in a 3-week parallel, single-blind, randomi-
zed, controlled clinical trial. The test group used a tongue cleaner, a tooth/tongue gel and 
mouthwash containing amine fluoride/stannous fluoride and zinc lactate as oral malodour 
counteractive. The control group used a standard fluoride dentifrice. Measurements were 
performed in the morning at baseline, at days 1, 7, and 21. The primary outcome was the 
ORG score. The secondary outcome, the VSC measurement, was assessed using OralChro-
ma™ (H₂S, CH₃SH, (CH₃)₂S)) and Halimeter®. Tongue coating thickness and tongue discolora-
tion were scored. At baseline and day 21, the participants’ self-perceptions were assessed. 

Results
At day 1 for the ORG, H₂S, CH₃SH and Halimeter® readings, a significant decrease was ob-
served in the test group. At day 21, the decrease in H₂S and the Halimeter® outcomes were 
maintained for the test group, and a significant increase in tongue surface discoloration 
was observed. The test group evaluated their ‘morning breath upon awakening’ as signifi-
cantly better (P = 0.001) after 21 days.

Conclusion
A significant overnight effect on morning oral malodour was observed for most of the para-
meters in favour of the test group. At day 21, the effect of prolonged use was significant for 
H₂S and the Halimeter® readings, although not for the primary ORG outcome parameter.
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Introduction

In general, people are becoming more aware of oral malodour, which remains one of the 
greatest taboos in society (1). According to the European Federation of Periodontology gui-
delines for management of malodour (2), the dental care professional should provide per-
sonalized advice on bad breath when appropriate. This advice includes optimizing patient 
oral hygiene practices, such as tooth brushing and interdental cleaning. In addition, it is 
suggested that patients should be instructed and motivated to engage in tongue cleaning 
when tongue coating thickness is present and that the use of chemical agents with proven 
efficacy be recommended (3). The systematic review by Slot et al. (4), which supported the-
se recommendations, included three experiments (5-7) evaluating regimens in which the 
use of a tongue cleaner was considered together with a chemical agent. Earlier, Blom et 
al.(8) have shown that nearly all mouth rinses with active ingredients have some beneficial 
effect with respect to oral malodour in short- and longer-term studies. Most evidence was 
available for chlorhexidine mouth rinses, and combinations with cetylpyridinium chlori-
de and zinc provided the best evidence profiles. 
One of the other commercially available mouth rinse products contains amine fluoride/
stannous fluoride and zinc lactate as oral malodour counteractive. Clinical trials evalua-
ting morning oral malodour have shown that this mouth rinse was effective compared to a 
negative control (9,10). In addition, there is also a tooth/tongue gel available that contains 
the same ingredients as the commercially available mouth rinse. This gel can be used in 
combination with a tongue cleaner. Two recent studies (11,12) showed that the combination 
of a tongue cleaner with the specific tooth and tongue gel had instant effects (12) that re-
mained measurable after 7 days of use (11).
Mechanical approaches to cleaning the dorsum of the tongue, such as tongue brushing or 
tongue scraping, have the potential to successfully reduce tongue coating thickness and 
oral malodour (13). A recent observational survey evaluated participants’ preferences and 
perceptions of the effectiveness of several commercially available tongue cleaners. Com-
pared to other tongue cleaner products, the participants found two scrapers to be the most 
comfortable and effective (14). One of these scrapers was the product used in a regimen 
with a tooth and tongue gel (11,12). The clinical efficacy of using this regimen with in addi-
tion to a mouthwash that contains similar active ingredients has not yet been evaluated.
Therefore, the aim of this study was to investigate the proposed regimen of a tooth/
brushing gel, a tongue scraper with gel, and a mouth rinse compared to brushing with a 
standard fluoride dentifrice regarding its effect on organoleptic scores and the concentra-
tion of volatile sulphur compounds (VSCs). 

Materials and methods

The recommendations for strengthening the reporting were followed as suggested by the 
guideline Consolidated Standards of Reporting Trials (CONSORT) (15) and the checklist 
Template for Intervention Description and Replication (TIDieR) (16). 
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Ethical procedures
This study followed the Good Clinical Practice (CPMP/ICH/135/95) guidelines, in agree-
ment with the ethical principles of the Declaration of Helsinki (October 2008, Brazil) and 
in accordance with the Medical Research Involving Human Subjects Act (WMO) and appli-
cable local regulations. The study was approved by the medical ethical committee at Am-
sterdam Medical Centre (2011_301#B201283) and was registered at the Dutch Trial Register 
(#3240). The study was conducted from January 2012 until February 2013 at the Depart-
ment of Periodontology Academic Centre for Dentistry of Amsterdam (ACTA), the Nether-
lands. Before enrolment, all of the volunteers were provided with verbal and written infor-
mation regarding the aim, rationale and duration of the study. The investigator explained 
the details of the trial and the potential risks involved. Prior to the study procedures, an 
informed consent form was signed by all eligible subjects who had agreed to participate, 
and they were informed that they were free to withdraw at any time.

Sample size
Sample size calculations were performed using the PS Power and Sample Size Program 
(17,18). The a priori sample size calculation, based on pooled data of the mean differences 
between interventions from a previous study (19), showed that, for a detectable difference 
of 0.4 in the primary outcome between day 0 and day 21 with a pooled standard deviation 
of 0.5 and an alpha of 0.05 in conjunction with a beta of 80%, a total of 25 participants were 
needed per group. To account for a dropout rate of 20%, 30 participants per group needed 
to be enrolled, which was in agreement with ADA guidelines (20). 

Recruitment and inclusion
The participants were students from different universities and colleges in and around 
Amsterdam. They were notified by e-mail and flyer advertisement to participate in this 
study. Dental care professionals and dental students were excluded from participation. 
Those who responded to the invitation first completed an online standard questionnaire 
with questions related to eligibility. If considered potentially eligible, they were invited to 
be screened by a dental hygienist (EVDS). To qualify for inclusion, the subjects were requi-
red to be ≥18 years old, classified as systemically healthy as assessed by the medical ques-
tionnaire, have ≥5 teeth per quadrant, be periodontally healthy as clinically assessed by 
scoring the Dutch Periodontal Screening Index with inclusion criterion scores ≤3 minus 
(21,22) a mean organoleptic score of 2 at screening and baseline, and be willing to adhe-
re to specific regulations with respect to food constituents and perfume products and the 
provisions to be undertaken prior to the breath analyses, as described in detail by Van der 
Sluijs et al. 2016 (19) (see online appendix S1). Excluded were those who presented with any 
of the following: orthodontic appliances, removable (partial) dentures, smoking, overt ca-
ries, any pathological alterations of the oral mucosa, pregnancy, acute sinusitis or severe 
oral-pharyngeal infections, any medications that can cause malodour, and reduced sali-
vary flow. Additionally, participation in a clinical trial within the previous 30 days was not 
allowed. At baseline details of, the participants’ regular daily oral hygiene routine were 
recorded.
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Design 
This was a 3-week single (examiner) blind, parallel, randomized controlled clinical trial 
(RCT). Randomization was performed using true random numbers, which were genera-
ted by sampling, and by processing a source of atmospheric noise (23). Every participant 
received a unique subject identification number. The study supervisor used the obtained 
allocation randomization sequence to assign the participants to the test or control group. 
For details of the regimens, see table 1. No stratification was applied. To conceal the inter-
vention regimen to the examiners, the participants were instructed not to reveal their in-
tervention regimen in any manner. Records of earlier examinations were not available to 
the examiners at any time point. 

Test regimen Control regimen

Toothbrush GABA International Meridol® toothbrush

Brushing instructions Brush twice per day for 2 minutes with pea-sized amount of dentifrice (29)

Dentifrice
Meridol® Halitosis tooth and tongue gel

GABA International Therwil, Switzerland 

Everclean, HEMA 

Amsterdam, the 

Netherlands

Ingredients of dentifrice
Amine fluoride, stannous fluoride, zinc lactate, 

oral malodour counteractive
Sodium fluoride

Tongue cleaner Meridol® Halitosis, Therwil, Switzerland

NAInstructions for tongue 

cleaner

Once per day in the evening after brushing.

Distribute gel on the tongue surface. The tongue 

is divided with two imaginary vertical lines, 

resulting in three parts. Each part is cleaned with 

the tongue cleaner with tooth and tongue gel. 

Described in detail by Wilhelm et al. (11)

Mouthwash

Meridol® Halitosis mouthwash containing 

GABA International 

Therwil, Switzerland

NA
Ingredients in mouthwash

Amine fluoride, stannous fluoride, zinc lactate, 

oral malodour counteractive

Instructions for 

mouthwash

Once per day in the evening after tongue cleaning 

Rinse with 15 ml for one minute. For the last 10 s, 

gargle while sticking out the tongue, and bend the 

head slightly backwards

After use instructions Do not eat or drink within 30 minutes after the oral hygiene intervention

Table 1 The following regimens were assigned by groups.

* NA = not applicable
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Outcomes variables 
The primary outcome variable was the organoleptic score, assessed by a standardized pro-
cedure on a scale of 0-5, and was defined as follows: score 0= absence of odour, 1= barely 
noticeable odour, 2= slight odour, 3= moderate odour, 4= strong odour, and 5= extremely 
strong odour. The trained organoleptic judge (EVDS) used as a memory refresher the Smell 
Identification Test® to optimize the ability to distinguish odours (Sensonics Inc., Haddon 
Heights, NJ, USA) and especially to be able to detect odours at low concentrations (24-27).
The secondary outcomes were the volatile sulphur compounds (VSCs) assessed using two 
specific measuring devices: a Halimeter® RH-17 (Interscan Corporation, Simi Valley, CA, 
USA) and the OralChroma™ with data management software: ABIMEDICAL for Windows, 
version 3.5.0 (FIS Inc. Itami, Hyogo, Japan). The devices differ by the sensor principle of 
operation, the OralChroma™ uses a gas chromatography technology which separates the 
concentration values of hydrogen sulphide (H₂S), methyl mercaptan (CH₃SH), and dimethyl 
sulphide ((CH₃)₂S). The Halimeter® uses a electrochemical voltammetric technique which 
displays a peak concentration of VSCs. The second examiner (SCS) was responsible for 
operating this equipment in the absence of the organoleptic judge to avoid bias to the or-
ganoleptic assessment based on the VCS outcomes. At 24 hours before each visit, both ap-
paratuses were switched on to enable them to acclimatize and self-calibrate to the ambient 
air. The Halimeter® and OralChroma™ were checked and professionally calibrated by the 
manufacturers prior to the study. Both procedures are further described in detail by Van 
der Sluijs et al. (19). 
Additionally, the tongue coating thickness and tongue surface discoloration were scored 
(EVDS) according to the methods described in detail by Mantilla Gómez et al. (21). The ton-
gue surface was assessed from the circumvallate papilla to the tip, i.e., back third, middle 
third, and front third.
For patient reported outcomes participants were questioned about their self-perceptions 
of morning oral malodour before and at the end of the clinical trial, with the aid of a visual 
analogue scale (VAS) (28). They were requested to place a vertical mark on a 10-cm-long 
uncalibrated line (0-10). The left extreme represented the negative (stale, score 0), whereas 
the right extreme represented the positive (very fresh, score 10). In addition, feedback was 
requested regarding their perceptions of the assigned regimen. 

Procedure
Prior to the assessment, the participants were requested to adhere to specific regulations 
with respect to food constituents and perfume products to avoid factors that could influen-
ce the breath analyses, as suggested in the ADA guidelines (20) and further described in 
Van der Sluijs et al. (19) (see appendix S1). Instructions about these regulations were pro-
vided. Text messages (SMS-Short Message Service) were sent to remind each participant 
within 48 hours before each visit. Clinical assessments were performed between 7:00 and 
12:00 am with a follow-up of 21 days and took place in the same room under the same con-
ditions. At visit 1 (baseline), the participant used the randomly assigned products under 
supervision after verbal instructions from the coordinator (NLHH). As a reminder, short 
written instructions were provided, and the participants were asked to mark their use of 
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each regimen on a calendar. The participants received further specific instructions accor-
ding to their assigned test and control regimen products. 

Monitoring of compliance and adverse events
At the end of the study, the participants were asked to return their (empty or not) tubes of 
dentifrice and bottles of mouth rinse to measure the remaining paste/fluid. The calendars 
were checked for compliance. Adverse events were reported to the study coordinator. 

Statistical analysis 
The statistical analysis, using SPSS software (Statistical Package for Social Sciences, IBM 
Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY, USA: 
IBM Corp.), was performed before the randomization code was broken. The population 
demographics are presented by test and control regimen. Oral hygiene practices and the 
presence of tongue fissures are reported as absolute numbers and as frequencies. Further-
more, both organoleptic scores and VSC readings at any time point were summarized with 
their means and standard deviation (SD). Additionally, means and SDs were calculated 
for the VAS scores of the questionnaires. Data were tested for normal distribution by the 
Kolmogorov-Smirnov test and were found not to correspond with the normal distribution 
assumption (p>0.05). Based on the non-normal distribution, the Wilcoxon’s test, a non-pa-
rametric statistical approach, was used for the within group changes with Wilcoxon’s test 
and between group differences by the Mann-Whitney U test. Changes within groups and 
differences between groups were calculated. For the questionnaire, a parametric statistical 
technique was applied with the independent T-test. Values p≤0.05 were accepted as statisti-
cally significant. Correlations between tongue surface discoloration and the used volume 
of mouth rinse were analysed using Pearson’s correlation. The relationship between ton-
gue surface characteristics and organoleptic scores were analysed using Spearman’s rho. 
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Recruitment

Analyzed clinical assessments and questionnaire (N=66)
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Informed consent
+ screening (DPSI) N=75

Questionnaire I
Clinical assessment: ORG, VSC measurements, TSD, and TCT

Questionnaire II

Did not meet the inclusion 
criteria: N=7
N=2: ORG mean score <2
N=2: periodontitis 
N=1: antibiotics
N=1: schedule problems
N=1: overt caries

Refrained of 48h brushing

Assessed 
for eligibility 

N=68

Randomization
N=68

Test group (N=34) Control group (N=34)

Lost to follow-up N=1 
(illness)

Lost to follow-up N=1 
(scheduling)

Clinical assessments (N=34) Clinical assessments (N=34)

Clinical assessments (N=33) Clinical assessments (N=34)

Clinical assessments (N=32) Clinical assessments (N=34)

Figure 1 Study flow of the study design and population.

ORG = Organoleptic score; TCD = Tongue surface discoloration; TCT = Tongue coating thickness;

VSC measurements = using OralChroma™ and Halimeter® apparatuses;

Test group = used toothbrush, tongue cleaner, tooth gel and tongue gel, mouthwash;

Control group = used toothbrush, standard fluoride dentifrice
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Results

Participants 
As proposed by CONSORT (15), the study flow is shown in figure 1. Throughout the study, 
one single adverse event was detected by the examiner on the palate of the oral cavity that 
was not related to use of the study products. The details were presented separately in a 
case report (30). 

Table 2 presents the demographics of the participants and their daily oral hygiene habits. 
In terms of baseline characteristics, the two groups were well balanced (P>0.05); however, 
more female subjects participated. The majority of participants used a manual toothbrush. 
Almost 25% of the participants used interdental devices, e.g., floss and woodsticks. Ap-
proximately 40% of the participants reported performing some form of tongue cleaning. 

N=66
Test regimen
N=32

Control regimen
N=34

Po
pu

la
tio

n Mean age (SD)

Range

22.84 (3.22)

19-32

22.21 (3.44)

19-39

♀ Female 25 (78.1%) 24 (70.6%)

To
ng

ue
 fi

ss
ur

e

Present 1 (3.1%) 2 (5.9%)

H
yg

ie
ne

 d
ev

ic
es

To
ot

h 
B

ru
sh

Manual tooth brush 20 (62.5%) 23 (67.6%)

Electric tooth brush 4 (12.5%) 4 (11.8%)

Both: manual 

toothbrush and electric 

toothbrush

8 (25%) 7 (20.6%)

In
te

rd
en

ta
l d

ev
ic

es

None 12 (37.5%) 13 (38.2%)

Floss 6 (18.8%) 10 (29.4%)

Woodsticks 9 (28.1%) 10 (20.6%)

Interdental brushes 0 0

Mouthwash 3 (9.4%) 7 (20.25%)

Other 5 (15.6%) 4 (11.8%)

To
ng

ue
 c

le
an

in
g

None 20 (62.5%) 18 (52.9%)

Toothbrush 10 (32.3%) 5 (44.1%)

Scraper 2 (6.2%) 2 (5.8%)

Spoon 0 0

Other 0 0

Table 2 Subjects’ demographic and oral hygiene practices according to the 

assigned group regimen.
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Primary outcome
Table 3 provides a summary of the outcomes of the organoleptic scores for the test and con-
trol regimen. At baseline, no significant differences were observed. The overnight effect 
within the test group showed the largest decrease of 0.47 in the ORG score (P = 0.015). This 
effect persisted at day 7 and day 21 (P<0.05). No significant differences could be found bet-
ween the time points (day 1-7, day 7-21) (see for details appendix S2). For the control groups, 
there was no significant difference at any of the time points. Between the test and control 
groups, there was a significant difference at day 1 and day 7 (P<0.05). 

Secondary outcomes
Table 4 shows the results from the breath analysis instruments for both regimens. The VSC 
data showed a non-normal distribution of the data at several time points. At baseline, both 
apparatuses showed no significant differences between the test and control regimens. The 
test group showed a significant decrease in hydrogen sulphide and methyl mercaptan at 
day 1. Additionally, the control group showed numerical decreases in hydrogen sulphi-
de and methyl mercaptan, but these were not statistically significant. Dimethyl sulphide 
measurements during the experimental period decreased but did not reach significance 
in the test group. The control group observed for dimethyl sulphide a numerical increase 
over time with a mean of 25.50 (145.50) which was not significant. The Halimeter® readings 
showed a significant decrease (P<0.001) in the test group at each time point as compared to 
baseline. 
Between the test and control regimens, a significant effect on hydrogen sulphide outco-
mes occurred in favour of the test regimen at all visits. Regarding dimethyl sulphide, the 
measurements overnight and at day 7 showed significant differences (P<0.05) in favour of 
the test group, while methyl mercaptan presented a significant difference only at day 21  
(P = 0.012). The Halimeter® readings showed significant differences between groups at all of 
the time points (for details see appendix S3-S6). 

N=66
Organoleptic score on a 6-point scale Statistical analysis 

between groupsTest regimen Control regimen

Ti
m

e 
po

in
t 

Baseline 2.41 (0.56) 2.32 (0.48) 0.604

Day 1 1.94 (0.67) ■ 2.32 (0.68) 0.015*

Day 7 2.03 (0.74) ■ 2.32 (0.68) 0.050*

Day 21 2.13 (0.66) ■ 2.15 (0.78) 0.847

Table 3 Mean (standard deviation) of organoleptic score during the study 

for both treatment modalities (test regimen N=32 and the control regimen 

N=34). In addition, the outcome of the statistical analysis is presented. 

* Significant difference (between groups); Mann-Whitney U test (P<0.05)

■	 Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)
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Tongue surfaces 
Table 5 shows the mean scores for tongue surface discoloration and tongue coating thick-
ness separated by group. The mean score for each of the 9 sections of the tongue surface 
was calculated. For the test regimen, the tongue surface discoloration showed a significant 
increase at day 1 and a decrease compared to the baseline values during the other assess-
ments (P<0.05). At baseline, for tongue surface discoloration, there was no difference bet-
ween the two groups (P = 0.222). At days 7 and 21, there was a significant difference between 
the two groups (P<0.05). Within group analysis showed, for the test group after a single 

* Significant difference (between groups); Mann-Whitney U test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

N=66

Tongue surface discoloration score Statistical 
analysis 
between 
groups

Tongue coating thickness score Statistical 
analysis 
between 
groups 

Test
regimen

Control 
regimen

Test
regimen

Control 
regimen

Ti
m

e 
po

in
t

Baseline 8.38 (2.74) 7.53 (3.53) 0.222 5.53 (3.21) 5.38 (3.82) 0.712

Day 1 6.84 (3.57) ■ 6.41 (3.43) 0.619 4.25 (3.04) ■ 4.71 (3.94) 0.865

Day 7 11.44 (4.05) ■ 7.26 (3.86) 0.000* 6.50 (3.85) 5.03 (3.58) 0.139

Day 21 10.66 (0.94) ■ 7.59 (3.26) 0.008* 6.19 (2.30) 4.61 (3.32) 0.146

Table 5 Mean (standard deviation) of the appearance of the dorsum of the tongue; surface discoloration score and 

tongue coating thickness score during the study for both modalities (test regimen N=32 and control regimen N=34). 

In addition, the outcome of the statistical analysis is presented.

N=66

OralChroma™ Halimeter®

Test regimen Control regimen Test 
regimen

Control 
regimenH2S CH3SH (CH3)2S H2S CH3SH (CH3)2S

Ti
m

e 
po

in
t 

Baseline
406.75

(443.56)

205.81 

(293.01)

102.06 

(157.91)

299.88 

(394.62)

93.15

(120.53)

38.21 

(57.51)

185.69

(110.74)

140.62 

(92.67)

Day 1
61 

(116.11)*■

41.97 

(143.39) ■

80.34 

(129.31)*

199.41

(262.60)*

64.79 

(86.82)

53.47 

(75.24)*

77.69 

(27.67)*■

157.88 

(131.57)*

Day 7
46.94 

(70.99)*■

47.62 

(94.89) ■

80.59 

(108.40)*

217.76

(235.07)*

62.29 

(68.63)

73.32

(106.18)*■

75.69 

(21.59)*■

134.59 

(69.89)*

Day 21
85.41

(255.37)*■

63.72 

(138.72)*■

64.69 

(111.54)

157.44

(170.54)*

84.56

(176.79)*

63.71

(126.26)

73.06 

(31.67)*■

122.26 

(64.62)*

Table 4 Mean (standard deviation) of oral malodour apparatus assessments (OralChroma™ and Halimeter®) 

during the study for both modalities (test regimen N=32 and control regimen N=34). In addition, the outcome of the 

statistical analysis is presented. 

H2S= hydrogen sulphide CH3SH= methyl mercaptan (CH3)2S= dimethyl sulphide 

* Significant difference (between groups); Mann-Whitney U test (P<0.05) 

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)
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use, a significant decrease (P<0.05) (see for details appendix S7-S8). Between group analy-
sis for tongue coating thickness scores showed no difference between the test and control 
groups at any time point. 

Tongue surface discoloration and tongue coating thickness scores are also presented in 
percentages of the participants positive per section of the tongue surface (see appendix S9-
S16) separated by test or control group. In both groups, tongue discoloration had the hig-
hest prevalence of score 2 (yellow/light brown) in the posterior and mid-dorsal regions of 
the tongue. Tongue coating thickness scores had the highest prevalence of score 2 (heavy 
thick) in the posterior dorsal sections of the tongue. Both the tongue surface discoloration 
score and the tongue coating thickness score showed, mostly for the anterior sections, a 
score of 0 (respectively pink and no coating). A tongue surface discoloration score of 3 was 
mostly seen in the test group during the study. 

Correlation tongue surface characteristics and organoleptic scores 
Table 6 presents the correlation between tongue surface discoloration/tongue coating 
thickness and organoleptic scores of baseline and day 21. Correlation coefficients were 
weak and showed no significantly relation between the tongue surface characteristics and 
organoleptic scores at baseline and day 21.

Correlation coefficient * P-value

To
ng

ue
 s

ur
fa

ce
 d

is
co

lo
ra

tio
n Test regimen

Baseline 0.216 0.235

Day 21 0.186 0.308

Control regimen

Baseline 0.324 0.062

Day 21 0.089 0.618

To
ng

ue
 c

oa
tin

g 
th

ic
kn

es
s

Test regimen

Baseline 0.194 0.288

Day 21 0.276 0.126

Control regimen

Baseline 0.276 0.192

Day 21 0.001 0.994

Table 6 Correlation between tongue surface discoloration/ tongue coating 

thickness and organoleptic scores for both oral hygiene regimens at 

baseline and day 21. Also the level of significance is indicated. 

* Spearman’s rho
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Used products 
The returned bottles of mouth rinse (in millilitres) and tubes of dentifrice (in milligrams) 
of the study participants were evaluated. The test group used on average 255 ml volume of 
mouth rinse and 29 mg of tongue gel and tooth gel. The control group used 19 mg of denti-
frice (for details see appendix S17).
Following the results of tongue discoloration (table 5), figure 2 provides a scatterplot of 
the tongue surface discoloration and mouth rinse volume (in millilitres) used in the test 
regimen per individual after a period of 21 days. The correlation between tongue surface 
discoloration and the used quantity of mouth rinse in the test group was 0.001 (P = 0.996), 
showing that there was no relationship between the two variables.

Patient reported outcomes
A questionnaire was administered, and the self-report findings are shown in table 7. At day 
21 the test regimen participants evaluated their breath at awakening as being significantly 
better (P = 0.001) than the control group. In addition, the incremental difference between 
baseline and day 21 was in favour of the test regimen (P = 0.001). Additionally, the partici-
pants evaluated their mouth and tongue feeling at their appointments. Both these scores 
significantly more positive for the test group than the control group at day 21 as compared 
to the baseline assessments P<0.05). At day 21, the participants were able to provide feed-
back in the form of free comments regarding the study product used. In total, 25% (N=8) of 
the test regimen group mentioned that gargling with the rinse was uncomfortable. The 
volume of mouth rinse and the foaming effect was considered to be a negative aspect by 
16% of the participants. Three participants in the control group expressed that 2 minutes 
of brushing is too short (for details see appendix S18-S19).

Figure 2 Used volume of mouthwash (in ml) correlated with tongue coating 

discoloration for the test group regimen (N=3) at day 21.
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Discussion

The current study evaluated a regimen of a mouth wash with active ingredients (9,10), and 
a tooth/tongue gel (11,12) combined with a tongue cleaner (14). Overall, the test regimen 
had a significant overnight effect but lacked a prolonged effect with respect to the primary 
outcome parameter of organoleptic scores. In the present study, on day 21, this effect of the 
product was maintained for Halimeter® readings and hydrogen sulphide concentrations. 

Subjective 
For oral malodour measurements, there are objective and subjective procedures. The or-
ganoleptic score is considered the gold standard, though instrumental methods have been 
introduced. While the apparatuses can only detect VSC gasses, the organoleptic judge can 
recognize and name the specific mixtures of substances (31). The organoleptic technique 
is inexpensive and easy to use in daily practice. The scores reflect human perception, and 
only a human can judge the acceptability of the mixed odours emanating from the mouth. 
There is no single analytic machine that can detect all volatiles in the breath that cause 
smells. However, humans are limited by the exponential nature of smell reception, whilst 
an instrument can provide concentrations of measurements on a linear scale and can de-
lineate a halving or doubling of gas concentrations fairly precisely. To move from an or-
ganoleptic score ‘1’ to a ‘2’ or ‘2’ to a ‘3’ probably requires fivefold or more increases in gas 
concentrations. A mere doubling can hardly be detected by the human nose (32). Despite 
this, organoleptic measurements are the most popular diagnostic procedure, although it is 
a subjective method that renders the quantification of odour intensity notoriously difficult 
(33). A challenge of the organoleptic method is to ensure consistency in large numbers of 

N=66
Extreme

Time point Test regimen Control regimen
Statistical 
analysis From To

1.
How do you rate your 
breath today when you 
woke up?

Stale Fresh

Baseline 2.26 (1.26) 2.46 (1.60) 0.583

End 4.83 (2.04) 3.28 (1.69) 0.001*

Difference 2.57 (2.36) 0.82 (1.54) 0.001*

2.
At this moment, my 
mouth feels…

Not clean Very clean

Baseline 2.24 (1.77) 1.91 (1.34) 0.402

End 5.40 (2.32) 3.33 (1.73) 0.000*

Difference 3.16 (2.31) 1.42 (1.91) 0.001*

3.
At this moment, my 
tongue feels…

Not clean Very clean

Baseline 2.89 (1.80) 2.90 (1.79) 0.983

End 5.32 (1.99) 3.64 (1.65) 0.000*

Difference 2.43 (2.02) 0.74 (2.44) 0.003*

Table 7 Mean (standard deviation) of participants’ self-perception regarding the morning oral malodour 

questionnaire as assessed at baseline and end of the study for both modalities (test regimen N=32 and control 

regimen N=34). In addition, the outcome of the statistical analysis is presented.

* Significant difference (between groups); independent T-test (P<0.05)
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judgements (34), particularly over time. For the calibration and training of judges, stan-
dard compounds (such as n-butanol) are utilized, but these compounds cannot necessarily 
predict odour judges’ responses to VSCs (35). Therefore, in the ideal organoleptic method, 
no opinion about the quality of odour is provided, only the intensity or strength of the tar-
get ‘smell’ is given (30). 

The present study showed a numerical decrease in organoleptic scores for both groups 
compared to the baseline values. Two earlier studies (11,12), using organoleptic outcomes 
have evaluated the same tongue and tooth gel compared to no active tongue cleaning but 
tooth brushing alone (12). These studies found an effect after 5 minutes of use (11,12) and 
also after 7 days (11). In addition, the tested mouth rinse showed a positive effect compa-
red to a negative control rinse overnight and at 21 days (10). A possible explanation for the 
difference with the present finding may be in the method used for organoleptic scoring. 
The research group conducting these studies (9,11,12) used the same 6-point scale but posi-
tioned the study participants in a room adjacent to the room with the organoleptic judges. 
The participants exhaled through a hole, and on the opposite side of the dividing wall, the 
judges smelled and rated their breath. This procedure differed fundamentally from the 
method used in the present study. In fact, the other studies measured exhaled breath, while 
we assessed the malodour of the oral cavity. Furthermore, the previously discussed studies 
(10-12) used the same inclusion criterion for the organoleptic score (≥2) as the current stu-
dy. However, the organoleptic baseline value of the other studies was >3, while on average 
the participants in the current study had baseline values <2.5. This difference therefore 
might have influenced the potential of an effect being found in the present study. Dadamio 
et al. (10) also evaluated the same rinse assessed by the same 6-point scale, but the breath 
was scored at rest, as described by Rosenberg (35) (open mouth without breathing), while 
the patients counted from 1 to 11. Only a mean score of organoleptic breath was presented; 
it is unclear how the data were calculated or which data are presented. Nevertheless, these 
two methods again differed fundamentally from the method presented in the current stu-
dy and from the measurements from the studies executed by the proDERM Institute (11, 
12). Consequently, it is complex to devise a clear definition of success when the organolep-
tic score is assessed using a similar scale but is obtained by different methods.

Objective 
It was suggested that objectively measuring VSCs with an apparatus is a much more re-
liable method of judging their strength than simple organoleptic measurement (32). It 
is clinically recommended to use a device to measure VSC and this is considered simple 
and fast (36). Most breath clinics use portable sulphide monitors, such as the Halimeter® 
(32). However, the Halimeter® apparatus cannot distinguish between the different sulphur 
gases and shows different sensitivity for each of these gases (10). The Halimeter® is more 
sensitive to hydrogen sulphide then to methyl mercaptan. It is least sensitive to dimethyl 
sulphide (37). It underestimates methyl mercaptan by approximately 31%, and markedly 
underestimates dimethyl sulphide concentrations by approximately 70% (37). Hydrogen 
sulphide is a major component of physiological oral malodour, whereas methyl mercaptan 
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is a cause of pathological oral halitosis (32). A recent clinical study (38) defined the follo-
wing threshold values for successfully treated oral-malodour: a hydrogen sulphide value 
<112 ppb and a methyl mercaptan value <26 ppb. The Halimeter® manufacturer proposed 
that values between 90 ppb and 140 ppb should be considered normal. In the present study, 
the mean Halimeter® scores at baseline were 186 and 141 in the test group and control group 
respectively, which confirmed that the participants had oral malodour at baseline. In the 
course of the study in the test group the mean score dropped well below ‘90’. 

Patient perception
According to the questionnaire (table 7), the participants’ perception showed with respect 
to each question a significant difference. This implies that the results indicate that at day 
21 there was a subjective perception of a difference between the groups while based on 
the organoleptic score this was not significant. An explanation of this discrepancy might 
be that by removing food debris from the tongue surface, taste buds are able to function 
more effectively and detect the subtle flavors in food (39). Result suggests that mild tongue 
brushing may enhance taste sensitivity of saltiness and sourness which may give a sense of 
freshness (40). Also self-estimation of oral malodour has been reported to be reliable and 
to correlate with the objective assessment. These were indeed also significantly different 
in favour of the test group in the present study of the compounds H₂S and CH₃SH (41).

Working mechanisms of test group regimen
With respect to the ingredients available in the tooth and tongue gel and mouthwash sever-
al possible mechanisms can be considered. First of all a reduction in the number of bacte-
ria able to produce the malodour compounds. Secondly the neutralization of the sulphur 
compounds. Regarding anti-microbial products, several studies have reported the effec-
tiveness of AmF/ SnF₂ on plaque control (10,42-44). Zinc lactate is effective by converting 
H₂S and CH₃SH to nonvolatile sulphides (11,45-47). Another approach to control oral malo-
dour is remove tongue coatings and reduce the bacterial load (42-44). A previous study in 
2002 has indicated that several VSCs producing bacteria have the ability to colonize on the 
tongue surface in periodontally healthy subjects (48,49). It found that whenever there is 
large amount of coating on the dorsal surface of the tongue, participants’ most likely have 
halitosis. The added effect of the tongue surface cleaning has been shown to contribute 
marginally on a reduction indices of oral malodour (11).
The mechanical action of rinsing in the test group may have contributed to the reduction 
of oral malodour. Therefore it is not possible to definitively attribute the reduction in ma-
lodour specifically to the mouthwash ingredients. Previous results have shown that there 
is a significant decrease of morning bad breath after rinsing with water (19). Whether rin-
sing has the same impact in combination with a brushing regimen remains unknown.

Correlation tongue surfaces and organoleptic scores. 
It has been suggested that a possible side effect of some of the active ingredients in the test 
regimen group (i.e., amine fluoride/stannous fluoride) could be stain development (50-
54). Paraskevas et al. (55) showed that an amine fluoride/stannous fluoride dentifrice and 



103Chapter 6

mouth rinse combination resulted in an increase in staining of tooth surfaces at 6 months 
compared with baseline. The present study evaluated tongue surface discoloration and ob-
served a significant increase within the test group. At day 7 and day 21 the amount of ton-
gue surface discoloration was significantly higher than in the control group. Consequently 
it was of interest whether the volume of mouthwash used had an impact on the discolorati-
on scores. The statistical analysis however showed no correlation between tongue surface 
discoloration and the volume of mouthwash used (figure 2). Similarly a previous study sho-
wed a (very) weak correlation between tongue surface coating characteristics and organo-
leptic scores (19). Similar results were observed in the present study. Where no correlation 
was found between oral malodour and tongue surface characteristics. However the dental 
care professional should be aware that discoloration can occur following the use of a pro-
duct containing amine fluoride/stannous fluoride. 

The observation that the self-perception of the participants showed a significant positive 
effect compared to the control group supported the Halimeter® and H₂S and CH₃SH outco-
mes. That changes in malodour are not detected organoleptically but were apparent with 
the Halimeter® and OralChroma™ was also observed in a recent study in which the effect of 
rinsing with water or drinking water on morning oral malodour was evaluated. The same 
trend was observed, namely, organoleptic scores and VSC readings showed no benefit for 
the rinse group, while the participants’ self-perception was that morning oral malodour 
significantly improved (19). Because patient-reported outcomes directly reflect how pa-
tients feel or function in relation to a health condition and its therapy without interpreta-
tion by healthcare professionals or anyone else, these outcomes are also meaningful and 
important (56). 

Limitations and directions for further research
The questionnaires provided participants an opportunity to comment on the instruction of 
using the instructed use of mouthwash. The participants experienced gargling while stic-
king out the tongue as extremely unpleasant. Also due to foam formation, the volume of the 
mouthwash was reported to increase and become difficult to manage for some of the partici-
pants. This may have impacted on compliance.
For further research a clear definition of successful treatment of patients with morning 
oral malodour and the definition of corresponding parameters and methods to assess 
morning oral malodour appears to be essential.
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Conclusion

Morning oral malodour was significantly reduced overnight for most breath parameters 
with the test regimen. At day 21, the prolonged effect of the test regimen was detectible 
with the Halimeter® readings and H₂S and CH₃SH concentrations. Participants’ self-percep-
tions supported these findings.
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Time before morning oral 
malodour assessment

Participants were requested… 

>48 h not to eat spicy food or drink alcohol

>8 h to abstain from eating and drinking prior to the assessment

>8 h not to use scented products (shampoo, body lotion, perfume, aftershave, lipstick, make-up)

>8 h not to use, e.g., chewing gum and peppermint drops

>3 h not to drink water

Morning of the assessment to refrain from all oral hygiene practices and to come to the clinic while fasting

Appendix S1 Details of the lifestyle rules to which the participants were requested to adhere to avoid interference of 

food constituents or other scented products in morning oral malodour assessments.

Appendix S2 Mean (standard deviation) and within group analysis for the primary outcome of the test regimen N=32 

and the control regimen N=34. 

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■	 Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

N=66

Organoleptic score on a 6-point scale

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 2.41 (0.56)
0.001 ◆

0.180

0.675

2.32 (0.48)
0.317

0.922

0.560

Day 1 (overnight) 1.94 (0.67) 2.32 (0.68)

Day 7 2.03 (0.74) 2.32 (0.68)

Day 21 2.13 (0.66) 2.15 (0.78)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 0.47 (0.67) 0.001 ■ 0.00 (0.60) 0.317

Day 7 0.38 (0.94) 0.040 ■ 0.00 (0.65) 0.400

Day 21 0.28 (0.68) 0.048 ■ 0.18 (0.63) 1.000
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Appendix S3 Mean (standard deviation) of OralChroma™ apparatus assessments (hydrogen sulphide) during the 

study. Test regimen N=32 and control regimen N=34, according to the assigned regimen, are presented.

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

N=66

Hydrogen sulphide

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 406.75 (443.56)
0.000 ◆

0.768

0.864

299.88 (394.62)
0.126

0.925

0.221

Day 1 (overnight) 61 (116.11) 199.41 (262.60)

Day 7 46.94 (70.99) 217.76 (235.07)

Day 21 85.41 (255.37) 157.44 (170.54)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 345.75 (480.63) 0.001 ■ 100.47 (377.62) 0.126

Day 7 359.81 (407.41) 0.000 ■ 82.12 (438.86) 0.726

Day 21 321.34 (517.41) 0.000 ■ 142.44 (393.37) 0.129

N=66

Methyl mercaptan

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 205.81 (2.93)
0.002 ◆

0.139

0.567

93.15 (120.53)
0.289

0.878

0.477

Day 1 (overnight) 41.97 (143.39) 64.79 (86.82)

Day 7 47.62 (94.89) 62.29 (68.63)

Day 21 63.72 (138.72) 84.56 (176.79)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 163.84 (338.66) 0.002 ■ 28.35 (183.04) 0.289

Day 7 158.19 (287.29) 0.001 ■ 30.85 (128.31) 0.405

Day 21 142.09 (328.33) 0.012 ■ 8.59 (220.91 0.102

Appendix S4 Mean (standard deviation) and within group analysis for the OralChroma™ apparatus assessments 

(methyl mercaptan) during the study. Test regimen N=32 and control regimen N=34, according to the assigned 

regimen, are presented.
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Appendix S5 Mean (standard deviation) and within group analysis for the OralChroma™ apparatus assessments 

(dimethyl sulphide) during the study. Test regimen N=32 and control regimen N=34, according to the assigned 

regimen, are presented. 

N=66

Dimethyl sulphide

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 102.06 (157.91)
0.399

0.378

0.236

38.21 (57.51)
0.382

0.537

0.204

Day 1 (overnight) 80.34 (129.31) 53.47 (75.24)

Day 7 80.59 (108.40) 73.32 (106.18)

Day 21 64.69 (111.54) 63.71 (126.26)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 21.72 (210.33) 0.399 -15.27 (100.75) 0.382

Day 7 21.47 (177.28) 0.674 -35.12 (122.42)* 0.043 ■

Day 21 37.38 (202.17) 0.264 -25.50 (145.50) 0.649

N=66

Halimeter®

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 185.69 (110.74)
0.000 ◆

0.910

0.270

140.62 (92.67)
0.584

0.594

0.161

Day 1 (overnight) 77.69 (27.67) 157.88 (131.57)

Day 7 75.69 (21.59) 134.59 (69.89)

Day 21 73.06 (31.67) 122.26 (64.62)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 108.00 (103.74) 0.000 ■ -17.26 (131.70) 0.584

Day 7 110.00 (101.56) 0.000 ■ 6.03 (94.33) 0.713

Day 21 112.63 (113.01) 0.000 ■ 18.35 (103.58) 0.317

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

Appendix S6 Mean (standard deviation) and within group analysis for the Halimeter® apparatus assessments 

during the study. Test regimen N=32 and control regimen N=34, according to the assigned regimen, are presented. 
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N=66

Tongue surface discoloration score

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 8.38 (2.74)
0.013 ◆

0.000 ◆

0.125

7.53 (3.53)
0.021 ◆

0.116

0.612

Day 1 (overnight) 6.84 (3.57) 6.41 (3.43)

Day 7 11.44 (4.05) 7.26 (3.86)

Day 21 10.66 (0.94) 7.59 (3.26)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 1.53 (2.99) 0.000 ■ 1.12 (2.77) 0.021 ■

Day 7 3.06 (4.21) 0.000 ■ 0.26 (3.52) 0.403

Day 21 2.28 (4.89) 0.000 ■ 0.06 (3.75) 0.763

N=66

Tongue coating thickness score

Test regimen
P-value 
Analysis between 
appointment

Control regimen
P-value 
Analysis between 
appointment

Cl
in

ic
al

 
as

se
ss

m
en

t

Baseline 5.53 (3.21)
0.012 ◆

0.001 ◆

0.388

5.38 (3.82)
0.206

0.435

0.240

Day 1 (overnight) 4.25 (3.04) 4.71 (3.94)

Day 7 6.50 (3.85) 5.03 (3.58)

Day 21 6.19 (2.30) 4.61 (3.32)

Test regimen
P-value 
Analysis compared to 
baseline

Control regimen
P-value 
Analysis compared to 
baseline

Ch
an

ge
 fr

om
ba

se
lin

e

Day 1 (overnight) 1.28 (2.73) 0.012 ■ 0.68 (2.88) 0.206

Day 7 0.97 (3.40) 0.139 0.35 (2.16) 0.333

Day 21 0.66 (0.79) 0.347 0.82 (3.99) 0.314

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

◆	 Significant between appointments (within groups) Wilcoxon test (P<0.05)

■ Significant as compared to baseline (within groups) Wilcoxon test (P<0.05)

Appendix S7 Mean (standard deviation) of the appearance of the dorsum of the tongue surface discoloration score 

during the study. Test regimen N=32 and control regimen N=34, according to the assigned regimen, are presented.

Appendix S8 Mean (standard deviation) and within group analysis for the appearance of the dorsum of the tongue 

coating thickness score during the study. Test regimen N=32 and control regimen N=34, according to the assigned 

regimen, are presented.
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Appendix S9 Percentages of subjects with the 

percentages for tongue surface discoloration score 

according to section of the tongue at visit 1. Test 

regimen (T) (N=32) control regimen (C) (N=34).

T
0=3%
1=44%
2=53%
3=0%

T
0=0% 
1=22%
2=75%
3=3%

T
0=3%
1=44%
2=53%
3=0% 

C
0=3%
1=50%
2=47%
3=0%

C
0=6%
1=9% 
2=55%
3=0%

C
0=6%
1=47% 
2=47%
3=0%

T
0=13%
1=75%
2=13%
3=0%

T
0=6%
1=47%
2=47%
3=0% 

T
0=13%
1=75%
2=13%
3=0%

C
0=32%
1=50%
2=18%
3=0%

C
0=12%
1=53%
2=35%
3=0 %

C
0=35%
1=47%
2=18% 
3=0%

T
0=97%
1=3%
2=0%
3=0%

T
0=94%
1=6.3%
2=0%
3=0%

T
0=94%
1=6%
2=0%
3=0%

C
0=94%
1=6%
2=0%
3=0%

C
0=94%
1=6%
2=0%
3=0%

C
0=94%
1=6%
2=0% 
3=0%

Appendix S10 Percentages of subjects with the 

percentages for tongue coating thickness score 

according to section of the tongue at visit 1. Test 

regimen (T) (N=32) control regimen (C) (N=34).

T
0=22%
1=56%
2=22%

T
0=0%
1=47%
2=53%

T
0=22%
1=59%
2=18% 

C
0=32%
1=38%
2=29%

C
0=6%
1=41%
2=53%

C
0=35%
1=5%
2=29%

T
0=53%
1=43.8%
2=3%

T
0=25%
1=56%
2=19% 

T
0=56%
1=41%
2=3%

C
0=56%
1=38%
2=6%

C
0=32%
1=35%
2=32%

C
0=56%
1=38%
2=6%

T
0=97%
1=3 %
2=0%

T
0=100%
1=0%
2=0%

T
0=100%
1=0%
2=0%

C
0=100%
1=0% 
2=0%

C
0=100%
1=0%
2=0%

C
0=100%
1=0%
2=0%

Appendix S11 Percentages of subjects with the 

percentages for tongue surface discoloration score 

according to section of the tongue at visit 2. Test 

regimen (T) (N=32) control regimen (C) (N=34).

Appendix S12 Percentages of subjects with the 

percentages for tongue coating thickness score 

according to section of the tongue at visit 2. Test 

regimen (T) (N=32) control regimen (C) (N=34).

T
0=13%
1=56%
2=31%
3=0%

T
0=0%
1=47%
2=41%
3=13%

T
0=13%
1=56.3%
2=31%
3=0%

C
0=15%
1=50%
2=35%
3=0%

C
0=0%
1=44%
2=56%
3=0%

C
0=15%
1=50%
2=35%
3=0%

T
0=28%
1=56%
2=15%
3=0%

T
0=19%
1=56%
2=25%
3=0%

T
0=28%
1=56%
2=16%
3=0%

C
0=41%
1=53%
2=6%
3=0%

C
0=24%
1=47%
2=29%
3=0%

C
0=41%
1=53%
2=6%
3=0%

T
0=100%
1=0%
2=0%
3=0%

T
0=100% 
1=0% 
2=0%
3=0%

T
0=100%
1=0%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

T
0=44%
1=44%
2=13%

T
0=6%
1=59%
2=34%

T
0=41%
1=47%
2=13%

C
0=41%
1=32%
2=27%

C
0=0%
1=56%
2=44%

C
0=41%
1=47%
2=13%

T
0=63%
1=38%
2=0%

T
0=41%
1=41%
2=19%

T
0=63%
1=38%
2=0%

C
0=74%
1=18%
2=9%

C
0=41%
1=44%
2=15%

C
0=74%
1=18%
2=9%

T
0=100%
1=0%
2=0%

T
0=97%
1=3%
2=0%

T
0=100%
1=0%
2=0%

C
0=97%
1=3%
2=0%

C
0=97%
1=3%
2=0%

C
0=97%
1=3%
2=0%
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Appendix S13 Percentages of subjects with the 

percentages for tongue surface discoloration score 

according to section of the tongue at visit 3. Test 

regimen (T) (N=32) control regimen (C) (N=34).

Appendix S14 Percentages of subjects with the 

percentages for tongue coating thickness score 

according to section of the tongue at visit 3. Test 

regimen (T) (N=32) control regimen (C) (N=34).

Appendix S15 Percentages of subjects with the 

percentages for tongue surface discoloration score 

according to section of the tongue at visit 4. Test 

regimen (T) (N=32) control regimen (C) (N=34).

Appendix S16 Percentages of subjects with the 

percentages for tongue coating thickness score 

according to section of the tongue at visit 4. Test 

regimen (T) (N=32) control regimen (C) (N=34).

T
0=0%
1=19%
2=69%
3=13%

T
0=0%
1=13%
2=38%
3=50%

T
0=19%
1=69%
2=13%
3=0%

C
0=12%
1=44%
2=44%
3=0%

C
0=0%
1=47%
2=47%
3=6%

C
0=12%
1=44%
2=44%
3=0%

T
0=13%
1=34%
2=44%
3=9%

T
0=3%
1=41%
2=34%
3=22%

T
0=13% 
1=34%
2=47%
3=6%

C
0=29%
1=53% 
2=18%
3=0%

C
0=24%
1=47%
2=29%
3=22%

C
0=29%
1=53%
2=17%
3=0%

T
0=84%
1=16%
2=0%
3=0%

T
0=84%
1=16%
2=0%
3=0%

T
0=84%
1=16%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

C
0=94%
1=3%
2=3%
3=0%

C
0=97%
1=3%
2=0%
3=0%

T
0=19%
1=53%
2=28%

T
0=3%
1=41%
2=56%

T
0=19%
1=53%
2=28%

C
0=32%
1=41%
2=27%

C
0=9%
1=47%
2=44%

C
0=32%
1=41%
2=27%

T
0=38%
1=50%
2=13%

T
0=25% 
1=50 %
2=25%

T
0=38%
1=47%
2=16%

C
0=56%
1= 44%
2=0%

C
0=38%
1=32%
2=29%

C
0=56%
1=44%
2=0%

T
0=91%
1=9%
2=0%

T
0=91%
1=9%
2=0%

T
0=94%
1=6%
2=0%

C
0=100%
1=0%
2=0

C
0=100%
1=0%
2=0%

C
0=100%
1=0%
2=0%

T
0=3%
1=31%
2=53%
3=13%

T
0=0%
1=28%
2=31%
3=41%

T
0=3%
1=31%
2=53%
3=13%

C
0=6%
1=47%
2=47%
3=0%

C
0=0%
1=38%
2=53%
3=9%

C
0=6%
1=47%
2=47%
3=0%

T
0=16%
1=28%
2=41%
3=16%

T
0=19%
1=25%
2=28%
3=28%

T
0=19%
1=25%
2=41%
3=16%

C
0=29%
1=56%
2=15%
3=0%

C
0=9%
1=59%
2=32%
3=0%

C
0=27%
1=59%
2=15%
3=0%

T
0=91%
1=9%
2=0%
3=0%

T
0=91%
1=9%
2=0%
3=0%

T
0=91%
1=9%
2=0 
3=0%

C
0=97%
1=3%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

C
0=97%
1=3%
2=0%
3=0%

T
0=34%
1=31%
2=34%

T
0=6%
1=47%
2=47%

T
0=31%
1=34%
2=34%

C
0=32%
1=44%
2=21%

C
0=5.9%
1=60%
2=35%

C
0=32%
1=47%
2=1%

T
0=38%
1=47%
2=16%

T
0=34%
1=28%
2=38%

T
0=41%
1= 42%
2=16%

C
0=32%
1=56%
2=12%

C
0=65%
1=29%
2=6%

C
0=65%
1=29%
2=6%

T
0=94%
1=6%
2=0%

T
0=94%
1=6%
2=0%

T
0=94%
1=6%
2=0%

C
0=100% 
1=0%
2=0%

C
0=100%
1=0%
2=0%

C
0=100%
1=0%
2=0%
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○ = 3 missing values

○○ = 2 missing values

□ = 4 missing values

Test regimen Control regimen

Mouthwash 

N=30 ○
Tongue and tooth gel 

N=30 ○○
Toothpaste 

N=30 □

Baseline 453.90 (0.70) 107.98 (0.62) 104.90 (0.24)

End 198.85 (46.47) 78.79 (11.65) 85.6 (7.54)

Used products 255.05 (46.51) 29.19 (11.75) 19.30 (7.57)

Appendix S17 Mean (SD) of used products according to the assigned group regimen, test regimen N=32 and control 

regimen N=34. Amount of mouthwash tongue gel, tooth gel and toothpaste in ml. 
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Appendix S18 Participants’ feedback regarding the test regimen products and instructions at day 21 (N=13). 

Feedback
M

ou
th

 r
in

se

1 Too much volume of mouthwash, and it foams too much during gargling

2

Gargling was unpleasant. The experience was really unpleasant when gargling. However, the rinsing was not a problem. 

There was nausea after one week of using the products, usually in the morning but also spontaneously in the afternoon. This 

felt very uncomfortable

3

Too much volume of mouthwash and was not able to gargle. 10 s of gargling with tongue out is very difficult, and I did not 

achieve this for 10 s or more. The taste of the mouth rinse became really bad. The tongue gel did not spread easily on my 

tongue surface

4
The gargling of the volume of mouth rinse was uncomfortable. I would never do this in general

Gargling was very uncomfortable. Suggestion: you could reduce the amount of mouthwash to obtain more compliance

5 Mouthwash was quite tasty

6 The mouthwash was very enjoyable. Gargling was very difficult because the solution foamed too much

7 After using the products, it left residue in my mouth, which was unpleasant. Spreading the tongue gel on the tongue was tricky

8 Gargling was not pleasant

9
The mouthwash foamed, and my clothes got dirty easily.

During the research, I even had the impression that the effect (of fresh breath) disappeared

To
ng

ue
 c

le
an

er
 a

nd
 to

ng
ue

 g
el 10 Tongue cleaning was too short with too much volume of mouth rinse, and it became a mess

11
The tongue cleaning with tongue gel was difficult. The gel did not spread well, and I felt that this was not used at all during 

brushing

12
Tongue cleaner with tongue gel was difficult to use. On paper, the instructions appeared to be simple, but in practice, it was 

difficult

13 Cleaning the tongue I found very to be difficult, and in general, I would never do this

Feedback

To
ot

hp
as

te

1 The toothpaste was tasteless and watery

2
The toothpaste disappeared quickly during brushing. Two minutes of brushing was short; Normally, I brush for at least three 

minutes

3
The toothpaste foamed, but it has no intense mint flavour, which I prefer more. The fresh feeling disappeared quickly after 

brushing

To
ot

hb
ru

sh

4 The toothbrush was too big

5 Toothbrush was very nice. Two minutes of brushing was too short

6 Two minutes of brushing was too short

Appendix S19 Participants’ feedback regarding the control regimen products and instructions at day 21 (N=4). 
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Key points 

-  Oral health is important since the mouth is the gateway to the human body. Bacteria are 
always present in the oral cavity and when not frequently removed the dental plaque bio-
film leads to the development of oral disease. 

-  Over the past decades, the use of mouthwashes has become customary, usually following 
mechanical plaque biofilm control.

-  Although people in industrialized countries use various oral hygiene products with the 
expectation of an oral health benefit, it is important that sufficient scientific evidence 
exists to support such claims.

-  This meta-review summarized and appraised the current state of evidence that was based 
on systematic reviews, with respect to the efficacy of various active ingredients of over 
the counter chemotherapeutic mouthwash formulations for plaque control and mana-
ging gingivitis.

-  Evidence suggests that a mouthwash containing chlorhexidine (CHX) is the first choice. 
The most reliable alternative for plaque control is essential oil (EO). No difference bet-
ween CHX and EO with respect to gingivitis was observed.



119Chapter 7

Introduction

The need to prevent human disease is well recognized and is related to making the occur-
rence or progression of a disease process unlikely or impossible. Oral health is important 
because the mouth is the gateway to the human body. Bacteria are always present in the 
oral cavity and when not frequently removed, the dental plaque biofilm leads to the de-
velopment of oral disease. The merits of daily oral hygiene to oral health have long been 
understood (1). Studies of tooth cleaning suggest that despite technological innovations, 
the level of mechanical oral hygiene practice is inadequate (2–4). 
The principle that plaque biofilm is the major etiologic factor causing gingivitis provides 
the justification for the use of antimicrobial mouth rinses (5). The practice of mouth rin-
sing has been in use by humans for more than 2000 years. The first mouthwash advocated 
for dental plaque reduction seems to be urine from a child or, even better, from a newborn 
baby (6). In the 1880s, Willoughby D. Miller (a dentist trained in microbiology) was the first 
to suggest the use of an anti- microbial mouthwash containing phenolic compounds to 
combat gingival inflammation (7). Over the past decades, the use of mouthwashes has beco-
me customary, usually following mechanical plaque biofilm control. Mouthwashes are an 
ideal vehicle in which to incorporate chemicals and are appreciated by the public because 
of their ease of use, reduction of plaque biofilm, and breath-freshening effect (8–10).
With keen competition between individual manufacturers vying for a percentage of this 
market, various claims for efficacy have been made, using numerous terms to describe ef-
ficacy. Although people in industrialized countries use various oral hygiene products with 
the expectation of an oral health benefit, it is important that sufficient scientific evidence 
exists to support such claims. Dental professionals have choices and make decisions every 
day as they advise their patients (11). An evidence-based clinical decision integrates and 
concisely summarizes all relevant and important research evidence of acceptable quality 
that examines the same therapeutic question. The model to guide clinical decisions begins 
with original single random controlled clinical studies at its foundation. Syntheses (sys-
tematic reviews) build up from these to integrate the best available evidence from these 
original studies (12). At the next level, a synopsis summarizes the findings of high-quality 
systematic reviews (13,14). Meta-analyses (meta-review) in particular are appropriate for 
describing whether the current evidence base is complete or incomplete. The quantitative 
evidence is synthesized from relevant previous systematic reviews. The reason for inclu-
ding only systematic reviews is because this kind of research generally provides more 
evidence than separate empirical studies. Also in the presence of a significant increase in 
systematic reviews, meta-reviews give the dental community better guidance. From this 
perspective, it is a step forward in the direction of a clinical guideline (15,16). Meta-reviews 
are a tool, a form of information, and guidance based on research evidence that assists the 
clinician in formulating the answer appropriate for each individual patient (11).
Recently, 2 meta-reviews have been published that evaluate the efficacy of home-care regi-
mens for mechanical plaque removal (toothbrushes and interdental cleaning devices) on 
plaque and gingivitis in adults (2,3).
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The purpose of this article was to prepare a meta-review that summarizes the contempo-
rary synthesized evidence with respect to the efficacy and safety of home-care self-support 
activities focusing on chemical agents in mouthwashes to manage plaque and gingivitis.

Materials and methods

The protocol of this meta-review detailing the evaluation method was developed using the 
AMSTAR (17) (a measurement tool to assess systematic reviews) tool to ensure the metho-
dological quality of the review process.

Focused Question
What is the effect of mouthwashes and their various chemical ingredients for plaque bio-
film control in managing gingivitis in adults based on evidence gathered from existing sys-
tematic reviews?

Search Strategy
For the comprehensive search strategy, several electronic databases were queried. Three 
Internet sources were used to search for appropriate articles that satisfied the study pur-
pose. These sources included the National Library of Medicine, Washington, DC (MED-
LINE-PubMed), the Cochrane Library, which also includes the DARE database of systema-
tic reviews, and the evidence database of the American Dental Association (ADA) Center 
for Evidence-based Dentistry. All 3 databases were searched for eligible studies up to and 
including February 2015. The structured search strategy was designed to include any sys-
tematic review published on mouthwash products. For details regarding the search terms 
used, see Box 1. All of the reference lists of the selected studies were hand-searched for 
additional published work that could possibly meet the eligibility criteria of the study. The 
PROSPERO (2014) database, an international database of prospectively registered syste-
matic reviews, was checked for reviews in progress. Further unpublished work was not 
sought.

Screening and Selection
Two reviewers (DES and EvdS) independently screened the titles and abstracts for eligible 
articles. If eligibility aspects were present in the title, the article was selected for further 
reading. If none of the eligibility aspects were mentioned in the title, the abstract was read 
in detail to screen for suitability. Inclusion of titles, abstracts, and ultimately full texts was 
based initially on full agreement between the 2 reviewers (DES and EvdS). In case of discre-
pancies, the final decision was made following discussion with GAW. No attempt was made 
to blind the reviewers to names of authors or institutions and journals while making the 
assessment. Hand searching of reference lists of reviews was conducted to ensure inclusi-
on of additional published and potentially relevant articles. When updates of systematic 
reviews were published, the latest version was selected. At the outset of this meta-review, 
no attempt was made to separate specific variables associated with mouthwashes.
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Inclusion and Exclusion Criteria
The inclusion criteria were as follows:
• Systematic reviews (with or without a meta-analysis)
• Articles written in the English or Dutch language
• Reviews evaluating studies conducted on humans
 o ≥18 years old
 o In good general health
•  Intervention: mouthwashes and their various chemical ingredients for plaque control 

and reducing gingivitis

The exclusion criteria were as follows:
• Orthodontic patients
• Dental implants

Data Extraction and Assessment of Heterogeneity
The articles that fulfilled all of the selection criteria were processed for data extraction. 
Information extracted from the studies included publication details, focused questions, se-
arch results, descriptive or meta-analysis outcomes, and conclusions. Systematic reviews 
were categorized by 2 authors (DES and EvdS) according to various active ingredients of 
mouthwashes. Categorization was confirmed with a second author (GAW). Disagreements 
between the reviewers were resolved by discussion.

The heterogeneity across studies was detailed according to the following factors:
• Study and subject characteristics
• Methodological heterogeneity (variability in review approach and risk of bias)
• Analysis performed (descriptive or meta-analysis)

Heterogeneity within the meta-analysis was tested by x2 test and the I2 statistical. A x2 test 
resulting in a P<.1 was considered an indication of significant statistical heterogeneity. As 
a rough guide for assessing the possible magnitude of inconsistency across studies, an I2 
statistic of 0% to 40% was interpreted as not being important, and with an I² statistic higher 
than 40%, moderate (40%–80%) to considerable (>80%) heterogeneity may be present (18).

Box 1
Search terms used for PubMed-MEDLINE, Cochrane Library and ADA Center for Evidence based Dentistry. 
The search strategy was customized appropriately according to the database being searched taking into 
account differences in controlled vocabulary and syntax rules.

The following strategy was used in the search mouthwashes:

{ [MeSH Terms] Mouthwashes OR [text words] Mouthwashes OR Mouthwash OR mouthwash* OR mouthrinses 
OR mouthrinse }

Used filter/limits: systematic review OR meta-analysis

The asterisk (*) was used as a truncation symbol.
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Quality Assessment
Two reviewers (DES and EvdS) estimated the risk of bias by scoring the reporting and 
methodological quality of the included systematic reviews according to a combination of 
items described by the PRISMA (19) guideline for reporting systematic reviews and the (17) 
checklist for assessing the methodological quality of systematic reviews. A list of 27 items 
was assessed, and if all individual items were given a positive rating by summing these 
items, an overall score of 100% was obtained. Only systematic reviews including meta-ana-
lysis could achieve a full score of 100% (20). The estimated risk of bias was interpreted as 
follows: 0% to 40% may represent a high risk of bias, 40% to 60% may represent a substantial 
risk of bias, 60% to 80% may represent a moderate risk of bias, and 80%–100% may represent 
a low risk of bias (3).

Grading the ‘Body of Evidence’
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 
system, as proposed by the GRADE working group, was used to grade the evidence emer-
ging from this meta-review of systematic reviews (21). Two reviewers (DES and GAW) ra-
ted the quality of the evidence as well as the strength of the recommendations according to 
the following aspects: study design, risk of bias, consistency and precision among outco-
mes, directness of results, detection of publication bias, and magnitude of the effect.

Results

Search and Selection Results
Fig. 1 describes the search process. A total of 306 unique articles were identified, from 
which 17 full-text articles were obtained and screened to confirm eligibility. One study was 
excluded because the data were summarized for a large variety of natural compounds and 
did not allow for an evaluation of individual ingredients (22). Hand searching of the refe-
rence lists from these articles did not reveal any additional suitable systematic reviews. 
Neither did a search of the PROSPERO (International Prospective Register of Systematic 
Reviews) database (2014). Two papers by Gunsolley(23,24) provided data on the same me-
ta-analysis. As a result, a final 15 systematic reviews were identified as being eligible for 
inclusion in this synopsis. Nine articles were identified that evaluated the efficacy of sin-
gle active ingredients, of which 2 reviewed more than 1 ingredient (23,24,26). Five studies 
compared active ingredients, of which 2 also contributed data for the singles active ingre-
dients (27,28). In one publication, a combination of 2 active ingredients was systematically 
evaluated (29).

Study Outcomes and Assessment of Heterogeneity
Considerable heterogeneity was observed in the 15 systematic reviews with respect to the 
data bases searched, study and subject characteristics of the original individual articles, 
description of inclusion and exclusion criteria, quality assessment scale used, reporting 
of effect scores, presence of meta-analysis, and conclusions made. Because of this hetero-



123Chapter 7

Figure 1 Search and selection results.
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geneity, a sophisticated level of data combination and analysis was neither possible nor 
indicated. A meta-analysis was therefore not undertaken. For the purpose of this synopsis, 
a summary of the selected systematic reviews was categorized and is presented by various 
chemical ingredients and ordered by common characteristics in Table 1.

Quality Assessment
Most reviews were considered to have a low to moderate estimated risk of bias (Table 2). 
Two studies were estimated to have a substantial risk of bias (23–25). Critical items in this 
evaluation were the development of a protocol a priori and its registration, including non-
English literature, contacting authors for additional information, grading obtained evi-
dence, and the assessment of publication bias.

Active Ingredients
For details regarding the extracted data of the meta-analysis, difference of means, P values, 
95% confidence intervals, and test of heterogeneity, please see Table 3 for Plaque Index sco-
res and Table 4 for Gingival Index scores.

Single Active Ingredients
Alexidine
Alexidine (ALX) is an antimicrobial of the biguanide class, and contains ethylhexyl end 
groups. This structure favors hydrophobic penetration into membrane lipids and electro-
static adhesion to the negative sites of cell membranes resulting in bactericidal activity. 
The systematic review by Serrano and colleagues (26). identified 2 articles and evaluated 
the adjunctive effect of ALX to toothbrushing in the prevention of plaque accumulation 
and gingival inflammation in studies with duration of 6 months or longer. The study out-
come with respect to the Quigley and Hein (36). Plaque Index (PI) scores at the conclusion 
of the individual studies demonstrated a significant difference of means (DiffM) of -0.16, 
with nonsignificant heterogeneity (I² = 39.5%). Data with respect to the Gingival Index (GI) 
(37) were based on one study and showed a nonsignificant mean difference of -0.09 as com-
pared with the control group.

Cetylpyridinium chloride
Cetylpyridinium chloride (CPC) is a cationic quaternary ammonium compound with sur-
face-active properties. Its mechanism of action relies on the hydrophilic part of the CPC 
molecule interacting with the bacterial cell membrane leading to loss of cell components, 
disruption of cell metabolism, inhibition of cell growth, and finally cell death. It has a broad 
antimicrobial spectrum, with rapid killing of gram-positive pathogens and yeast in parti-
cular. CPC may cause brown staining of teeth. The search retrieved 3 systematic reviews 
concerning the efficacy of CPC evaluating the adjunctive effect to toothbrushing in the 
prevention of plaque accumulation and gingival inflammation. The systematic review by 
Gunsolley (23,24) identified 7 articles in studies with a duration of 6 months or longer. The 
study outcome with respect to the PI at the finish of the individual studies demonstrated a 
weighted mean percentage reduction of 15.4% (SD 7.6). Data with respect to the GI showed 
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weighted mean percentage reduction of 13.4% (SD 8.7).
The systematic review by Haps and colleagues (33) identified 8 articles in studies of 4 or 
more weeks’ duration. The meta-analysis of PI scores at the end of the individual studies 
demonstrated a significant DiffM of -0.35, with moderate heterogeneity (I² = 71.6%). Data 
with respect to the GI showed a significant DiffM of -0.15 in favor of CPC as compared with 
the control group (considerable heterogeneity, I² = 87%). The most recent systematic review 
by Serrano and colleagues (26) identified 10 articles in studies of 6 or more months’ du-
ration. The study outcome with respect to the PI scores at the finish of the individual stu-
dies demonstrated a significant DiffM of -0.39, with considerable heterogeneity (I² = 93.9%). 
Data with respect to the GI showed a significant DiffM of -0.33 in favor of CPC as compared 
with the control group (considerable heterogeneity, I² = 95.3%).

Chlorhexidine
Chlorhexidine (CHX) is a cationic bisbiguanide that is active against gram-positive and 
gram-negative organisms, facultative anaerobes, aerobes, and yeasts. CHX lasts longer in 
the mouth than other mouthwashes (substantivity) and can cause stains on teeth, tongue, 
gingiva, and resin restorations. Prolonged use also can reduce bitter and salty taste sensa-
tions. CHX was first investigated more than 50 years ago and is currently one of the most 
widely used and thoroughly evaluated oral topical antiseptics.
The search retrieved 3 systematic reviews concerning the efficacy of CHX evaluating the 
adjunctive effect against toothbrushing in the prevention of plaque accumulation and gin-
gival inflammation. The systematic review by Gunsolley (23,24) identified 6 articles in stu-
dies of 6 or more months’ duration. The study outcome with respect to the PI at the finish of 
the individual studies demonstrated a weighted mean percentage reduction of 40.4% (SD 
11.5). Data with respect to the GI (37) showed weighted mean percentage reduction of 28.7% 
(SD 6.5).
The systematic review by Van Strydonck and colleagues (18) identified 30 articles and eva-
luated the adjunctive effect of CHX to toothbrushing in the prevention of plaque accumu-
lation and gingival inflammation in patients with gingivitis, including studies of 4 or more 
weeks’ duration.
The meta-analysis of PI scores at the finish of the individual studies considered by the au-
thors to be at ‘low risk’ demonstrated a DiffM of -0.68, heterogeneity was not significant 
(I² = 60%). Data with respect to the GI showed a DiffM of -0.24, in favor of CHX as compared 
with the control rinse (considerable heterogeneity, I² = 87%). Relative to control, the reduc-
tion with CHX for plaque was calculated to be 33% and for gingivitis 26%. The CHX rinsing 
groups demonstrated significantly more staining.
The most recent systematic review by Serrano and colleagues (26) identified 14 articles in 
studies of 6 or more months’ duration. The study outcome with respect to the PI scores at 
the finish of the individual studies demonstrated a significant DiffM of -0.64, with nonsig-
nificant heterogeneity (I² = 47.4%). Data with respect to the GI showed a significant DiffM of 
-0.17, in favor of CHX as compared with the control group (considerable heterogeneity, I² = 
95.3%).
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Author (year)
Ingredient

Data bases searched
Number of included studies/trails, No. 
involved participants base (end)

Leading mode of analysis Original review authors’ conclusions Comments of the meta- review authors

Serrano et al. 2015 (26)

Multiple ingredients
• PubMed

? studies

? (?)
Meta-analysis

Formulations with specific agents for chemical plaque control 

provide statistically significant improvements in terms of gingival 

bleeding and plaque indices. 

Triclosan was assessed in the meta-analysis as a ‘pre-rinse’ to 

toothbrushing which is considered to provide an ‘indirect’ effect 

because this is not a common daily oral hygiene habit.

Van Leeuwen et al. 2014 (30)

EO

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

5 studies

605 (534)
Meta-analysis

EO produce an effect on plaque and gingivitis that extends beyond 

the vehicle solution. 

Comparisons to vehicle control are frequently done to 5% hydro-

alcohol while a true placebo would contain 21.6% - 26.9% alcohol.

Van Maanen-Schakel et al. 2012 (29)

CHX + H202

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

• Trial registers

• Others 

4 studies

252 (229)
Meta-analysis

There is moderate evidence that a combination of CHX and an 

oxygenating agent reduces tooth staining without interfering with 

plaque growth inhibition.

Tooth discoloration was considered as the primary outcome variable 

and plaque and gingivitis as secondary.

Van Strydonck et al. 2012 (18)

CHX

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

30 studies

34 experiments

3554 (2965)

Meta-analysis

There is strong evidence for the anti-plaque and anti-gingivitis 

effects of a CHX rinse as an adjunct to regular oral hygiene in 

gingivitis patients. But a significant increase in staining score was 

seen by CHX mouthrinse. 

Staining as a side effects of CHX can affect patient compliance.

Van Leeuwen et al. 2011 (31)

EO vs CHX

• PubMed-Medline

• Cochrane

19 studies

827 (?)
Meta-analysis

Long term studies showed that CHX mouthwash was statistically 

more effective than EO with respect to plaque control. However, 

there was no significant difference with respect to reduction 

of gingival inflammation. Also, significantly more staining was 

observed with CHX compared to EO. 

The evidence suggests that EO acts primarily through anti-

inflammatory process and is a reliable alternative to CHX for long 

term control of gingival inflammation. 

Hossainian et al 2011 (28)

H2O2

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

10 studies

12 experiments 

384 (363) 

Descriptive analysis

H2O2 mouthwashes do not consistently prevent plaque accumulation 

when used as a short-term mono-therapy. When used as a long-

term adjunct to daily oral hygiene, the results of one study indicate 

that oxygenating mouthwashes reduce gingival redness.

As side effect painful sensation in the mouth and/ or erosive 

changes of the oral mucosa may occur. 

Gunsolley

2006/2010 (23,24)

Multiple ingredients

• Medline

• Unpublished studies 

? studies

? (?)
Meta-analysis

The studies provide strong evidence of the anti plaque and anti 

gingivititis effects of multiple agents. It supports the use of 

mouthwashes as part of a daily oral hygiene.

The used review methodology is unclear.

Afennich et al. 2010 (27)

Hexitidine

• PubMed-Medline

• Cochrane- CENTRAL

• EMBASE

6 studies

357 (336)
Descriptive analysis 

Hexitidine mouthwashes provide better effects regarding plaque 

reduction than placebo mouthwashes. They are less effective than 

CHX.

Higher Hexitidine concentrations cause more side effects compared 

with lower concentrations. 

Berchier et al 2010 (32)

CHX 

0.12% vs 0.2%

• PubMed-Medline

• Cochrane

8 studies 

10 experiments 

803 (?)

Meta-analysis

In the comparison 0.12% and 0.2% CHX information concerning the 

effect on gingival inflammation was sparse. With respect to plaque 

inhibition, the results showed a small but significant difference in 

favour of the 0.2% CHX concentration. 

The clinical relevance of the difference between the 2 

concentrations was considered negligible.

Several sub analysis are performed such as rinsing duration, 

mouthwash solution with/without alcohol, manufacturer. 

Haps et al. 2008 (33)

CPC

• PubMed-Medline

• Cochrane

8 studies

867 (?)
Meta-analysis 

When used as adjunct to either supervised or unsupervised 

oral hygiene, CPC-containing mouth rinses, provide a small but 

significant additional benefit in reducing plaque accumulation and 

gingival inflammation.

The bioavailability and concentration of the active ingredient may 

influence it clinical efficacy. 

Addy et al. 2007 (25)

Delmopinol 
• Unknown 

8 studies 

913 (?)

Pooled weighted  

point estimate

Delmopinol is effective as an adjunct measure for reducing plaque 

burden and indices of gingivitis, whether or not it is used under 

supervision. 

No common method for meta-analysis was used. 

Stoeken et al. 2007 (34)

EO

• PubMed-Medline

• Cochrane

11 studies

2810 (2515)
Meta-analysis 

EO provides an additional benefit to unsupervised oral hygiene with 

regard to plaque and gingivitis reduction as compared to a placebo 

or control

Comparisons are also made to 5% hydro-alcohol, CHX and a group 

that uses floss. 

Paraskevas et al. 2006 (35)

SnF2

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

3 studies concerning mouthwashes

781 (500) 
Descriptive analysis

With regard to SnF2 there is insufficient information on gingivitis 

and plaque in order to make any conclusions. 

The effect of the combined use of SnF2 dentifrice + SnF2 mouthwash 

would be of interest. 

Table 1 Overview of the characteristics of the included systematic reviews processed for data extraction.

ALX = alexidine

CPC = cetylpyridinium chloride

CHX = chlorhexidine

DEL = delmopinol

EO = essential oils

HEX = hexetidine

H202 = hydrogen peroxide

OA = oxygenating agents

SnF2 = Stannous fluoride
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SLS = Sodium Lauryl Sulphate

TCL = triclosan

Author (year)
Ingredient

Data bases searched
Number of included studies/trails, No. 
involved participants base (end)

Leading mode of analysis Original review authors’ conclusions Comments of the meta- review authors

Serrano et al. 2015 (26)

Multiple ingredients
• PubMed

? studies

? (?)
Meta-analysis

Formulations with specific agents for chemical plaque control 

provide statistically significant improvements in terms of gingival 

bleeding and plaque indices. 

Triclosan was assessed in the meta-analysis as a ‘pre-rinse’ to 

toothbrushing which is considered to provide an ‘indirect’ effect 

because this is not a common daily oral hygiene habit.

Van Leeuwen et al. 2014 (30)

EO

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

5 studies

605 (534)
Meta-analysis

EO produce an effect on plaque and gingivitis that extends beyond 

the vehicle solution. 

Comparisons to vehicle control are frequently done to 5% hydro-

alcohol while a true placebo would contain 21.6% - 26.9% alcohol.

Van Maanen-Schakel et al. 2012 (29)

CHX + H202

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

• Trial registers

• Others 

4 studies

252 (229)
Meta-analysis

There is moderate evidence that a combination of CHX and an 

oxygenating agent reduces tooth staining without interfering with 

plaque growth inhibition.

Tooth discoloration was considered as the primary outcome variable 

and plaque and gingivitis as secondary.

Van Strydonck et al. 2012 (18)

CHX

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

30 studies

34 experiments

3554 (2965)

Meta-analysis

There is strong evidence for the anti-plaque and anti-gingivitis 

effects of a CHX rinse as an adjunct to regular oral hygiene in 

gingivitis patients. But a significant increase in staining score was 

seen by CHX mouthrinse. 

Staining as a side effects of CHX can affect patient compliance.

Van Leeuwen et al. 2011 (31)

EO vs CHX

• PubMed-Medline

• Cochrane

19 studies

827 (?)
Meta-analysis

Long term studies showed that CHX mouthwash was statistically 

more effective than EO with respect to plaque control. However, 

there was no significant difference with respect to reduction 

of gingival inflammation. Also, significantly more staining was 

observed with CHX compared to EO. 

The evidence suggests that EO acts primarily through anti-

inflammatory process and is a reliable alternative to CHX for long 

term control of gingival inflammation. 

Hossainian et al 2011 (28)

H2O2

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

10 studies

12 experiments 

384 (363) 

Descriptive analysis

H2O2 mouthwashes do not consistently prevent plaque accumulation 

when used as a short-term mono-therapy. When used as a long-

term adjunct to daily oral hygiene, the results of one study indicate 

that oxygenating mouthwashes reduce gingival redness.

As side effect painful sensation in the mouth and/ or erosive 

changes of the oral mucosa may occur. 

Gunsolley

2006/2010 (23,24)

Multiple ingredients

• Medline

• Unpublished studies 

? studies

? (?)
Meta-analysis

The studies provide strong evidence of the anti plaque and anti 

gingivititis effects of multiple agents. It supports the use of 

mouthwashes as part of a daily oral hygiene.

The used review methodology is unclear.

Afennich et al. 2010 (27)

Hexitidine

• PubMed-Medline

• Cochrane- CENTRAL

• EMBASE

6 studies

357 (336)
Descriptive analysis 

Hexitidine mouthwashes provide better effects regarding plaque 

reduction than placebo mouthwashes. They are less effective than 

CHX.

Higher Hexitidine concentrations cause more side effects compared 

with lower concentrations. 

Berchier et al 2010 (32)

CHX 

0.12% vs 0.2%

• PubMed-Medline

• Cochrane

8 studies 

10 experiments 

803 (?)

Meta-analysis

In the comparison 0.12% and 0.2% CHX information concerning the 

effect on gingival inflammation was sparse. With respect to plaque 

inhibition, the results showed a small but significant difference in 

favour of the 0.2% CHX concentration. 

The clinical relevance of the difference between the 2 

concentrations was considered negligible.

Several sub analysis are performed such as rinsing duration, 

mouthwash solution with/without alcohol, manufacturer. 

Haps et al. 2008 (33)

CPC

• PubMed-Medline

• Cochrane

8 studies

867 (?)
Meta-analysis 

When used as adjunct to either supervised or unsupervised 

oral hygiene, CPC-containing mouth rinses, provide a small but 

significant additional benefit in reducing plaque accumulation and 

gingival inflammation.

The bioavailability and concentration of the active ingredient may 

influence it clinical efficacy. 

Addy et al. 2007 (25)

Delmopinol 
• Unknown 

8 studies 

913 (?)

Pooled weighted  

point estimate

Delmopinol is effective as an adjunct measure for reducing plaque 

burden and indices of gingivitis, whether or not it is used under 

supervision. 

No common method for meta-analysis was used. 

Stoeken et al. 2007 (34)

EO

• PubMed-Medline

• Cochrane

11 studies

2810 (2515)
Meta-analysis 

EO provides an additional benefit to unsupervised oral hygiene with 

regard to plaque and gingivitis reduction as compared to a placebo 

or control

Comparisons are also made to 5% hydro-alcohol, CHX and a group 

that uses floss. 

Paraskevas et al. 2006 (35)

SnF2

• PubMed-Medline

• Cochrane-CENTRAL

• EMBASE

3 studies concerning mouthwashes

781 (500) 
Descriptive analysis

With regard to SnF2 there is insufficient information on gingivitis 

and plaque in order to make any conclusions. 

The effect of the combined use of SnF2 dentifrice + SnF2 mouthwash 

would be of interest. 
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Author

Criteria

Addy
et al. 
2007 (25)

Afennich
et al. 
2010 (27)

Berchier
et al.
2010 (32)

Gunsolley
2006/2010
(23,24)

Haps
et al. 
2008 (33)

Hossainian
et al. 
2011 (28)

Paraskevas 
et al. 
2006 (35)

Serrano 
et al.
2015 (26)

Stoeken 
et al. 
2007 (34)

Van Leeuwen 
et al.
2011 (31)

Van Leeuwen
et al. 
2014 (30)

Van Maanen-
Schakel
et al.
2012 (29)

Van 
Strydonck
et al.
2012 (18)

Defined outcome criteria of interest + + + + + + + + + + + + +

Describes the rationale + + + + + + + + + + + + +

Describes the focused (PICO)[S] question / hypothesis + + + + + + + + + + + + +

Describes if a protocol was developed ‘a pirori’. - - - - - - - + - - - - -

Protocol registration/publication - - - - - - - ? - - - - -

Presented eligibility criteria (in/exclusion criteria) + + + + + + + + + + + + +

Presents the full search strategy - + + + + + + - + + + + +

Various databases searched ? + + - + + + + + + + + +

Performed (hand) search in additional sources (f.i. grey literature 
or trial registers)

? + + - + + - + + + + + +

Review selection by more than 1 reviewer - + + + + + + + + + + + +

Non-English papers included ? - - - - - - - - - - + -

Provide details on the performed study selection process/flow 
chart

- + + - + + + + + + + + +

Report included study characteristics - + + + + + + + + + + + +

Provide data of the selected studies on the outcome measures of 
interest 

+ + + + + + + + + + + + +

Data were extracted by more than 1 reviewer ? + + - + + ? + + + + + +

Contacted authors for additional information + ? + + ? ? ? ? ? ? ? ? +

Report heterogeneity of the included studies - + + + + + + + + + + + +

Estimated risk of bias in individual studies - + + - + + + + + + + + +

Performed a meta analysis + - + + + - - + + + + + +

Performed a descriptive analysis - + + + + + + - + + + + +

Describe additional sub analysis + + + - + + - + + + - + +

Grading of the obtained evidence - - - - - - - - - - + + +

Present limitations of the systematic review - - - - - + + + + - + + +

Provide a conclusion that respond to the objective + + + + + + + + + + + + +

Publication bias assessed - - - - - - - + - - + + +

Funding source - + + + - + - + + + + + +

Conflict of interest statement + + + - - + - + + + + + +

Original authors estimated level of evidence NR NR NR NR NR NR NR NR NR NR Moderate Moderate Strong

Current authors estimated quality score 52% 74% 78% 52% 70% 78% 63% 85% 81% 78% 85% 93% 89%

Current authors estimated risk of bias Substantial Moderate Moderate Substantial Moderate Moderate Moderate Low Low Moderate Low Low Low

Table 2 Estimated the risk of bias by scoring a list of items related to the reporting and methodological quality of 

Each aspect of the reporting and methodological quality item score list was given a rating of a plus ‘+’ for informative 

description of the item at issue and a study design meeting the quality standard, was assigned, plus-minus (±) 

was assigned if the item was incompletely described, ? when unknown and minus ‘-’ was used if the item was not 
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described (20). NR= not reported

For the quality assessment score individual items with a positive rating were summed to obtain an overall 

percentage score.

the included systematic reviews.

Author

Criteria

Addy
et al. 
2007 (25)

Afennich
et al. 
2010 (27)

Berchier
et al.
2010 (32)

Gunsolley
2006/2010
(23,24)

Haps
et al. 
2008 (33)

Hossainian
et al. 
2011 (28)

Paraskevas 
et al. 
2006 (35)

Serrano 
et al.
2015 (26)

Stoeken 
et al. 
2007 (34)

Van Leeuwen 
et al.
2011 (31)

Van Leeuwen
et al. 
2014 (30)

Van Maanen-
Schakel
et al.
2012 (29)

Van 
Strydonck
et al.
2012 (18)

Defined outcome criteria of interest + + + + + + + + + + + + +

Describes the rationale + + + + + + + + + + + + +

Describes the focused (PICO)[S] question / hypothesis + + + + + + + + + + + + +

Describes if a protocol was developed ‘a pirori’. - - - - - - - + - - - - -

Protocol registration/publication - - - - - - - ? - - - - -

Presented eligibility criteria (in/exclusion criteria) + + + + + + + + + + + + +

Presents the full search strategy - + + + + + + - + + + + +

Various databases searched ? + + - + + + + + + + + +

Performed (hand) search in additional sources (f.i. grey literature 
or trial registers)

? + + - + + - + + + + + +

Review selection by more than 1 reviewer - + + + + + + + + + + + +

Non-English papers included ? - - - - - - - - - - + -

Provide details on the performed study selection process/flow 
chart

- + + - + + + + + + + + +

Report included study characteristics - + + + + + + + + + + + +

Provide data of the selected studies on the outcome measures of 
interest 

+ + + + + + + + + + + + +

Data were extracted by more than 1 reviewer ? + + - + + ? + + + + + +

Contacted authors for additional information + ? + + ? ? ? ? ? ? ? ? +

Report heterogeneity of the included studies - + + + + + + + + + + + +

Estimated risk of bias in individual studies - + + - + + + + + + + + +

Performed a meta analysis + - + + + - - + + + + + +

Performed a descriptive analysis - + + + + + + - + + + + +

Describe additional sub analysis + + + - + + - + + + - + +

Grading of the obtained evidence - - - - - - - - - - + + +

Present limitations of the systematic review - - - - - + + + + - + + +

Provide a conclusion that respond to the objective + + + + + + + + + + + + +

Publication bias assessed - - - - - - - + - - + + +

Funding source - + + + - + - + + + + + +

Conflict of interest statement + + + - - + - + + + + + +

Original authors estimated level of evidence NR NR NR NR NR NR NR NR NR NR Moderate Moderate Strong

Current authors estimated quality score 52% 74% 78% 52% 70% 78% 63% 85% 81% 78% 85% 93% 89%

Current authors estimated risk of bias Substantial Moderate Moderate Substantial Moderate Moderate Moderate Low Low Moderate Low Low Low
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Table 3 Overview of data extraction of the included systematic reviews regarding Plaque Index scores.

Source Outcomes Heterogeneity

Ingredient Systematic Reviews # Experiments included in MA Difference of Means 95% CI P-value I2 P-value*

ALX Serrano et al. 2015 (26) 2 -0.16 -0.25; -0.08 P<0.0001 39,5% ns

CPC

Gunsolley 2006 (24) 7 -15.4% □ □ □ □

Haps et al. 2008 (33) 7 -0.35 -0.47; -0.24 P<0.00001 71.6% P=0.002

Serrano et al. 2015 (26) 10 -0.39 -0.54;-0.24 P<0.0001 93.9% P=0.000

CHX

Gunsolley 2006 (24) 6 -40.4% □ □ □ □

Van Strydonck et al. 2012 (18) 5 -0.68 -0.85; -0.51 P<0.00001 60% P=0.06

Serrano et al. 2015 (26) 3 -0.64 -0.76; -0.52 P<0.0001 47.4% ns

DEL Addy et al. 2007 (25) 8 -0.34 -0.39; -0.29 P<0.00001 □ □

Serrano et al. 2015 (26) 3 -0.14 -0.23; -0.06 P=0.001 0% ns

EO Gunsolley 2006 (24) 25 -27.0% □ □ □ □

Stoeken et al. 2007 (34) 7 -0.83 -1.13; -0.53 P<0.00001 96.1% P<0.00001

Serrano et al. 2015 (26) 9 -0.83 -1.05; -0.60 P=0.000 97% P=0.000

HEX Affenich et al. 2011 (27) □ □ □ □ □ □

OA Hossainian et al. 2011 (28) □ □ □ □ □ □

SAN Serrano et al. 2015 (26) 1 -12.1% □ □ □ □

SnF2 Paraskevas & Van der Weijden 2006 (35) □ □ □ □ □ □

Serrano et al. 2015 (26) 2 -0.08 -0.26; 0.10 ns 60.9% ns

TCL Serrano et al. 2015 (26) 3 -0.68 -0.85; -0.51 P<0.0001 68% P=0.04

0.12% CHX versus 0.2% CHX Berchier et al. 2010 (32) 9 -0.10 -0.17; -0.03 P=0.008 0% ns

EO versus CHX Van Leeuwen et al. 2011 (31) 5 -0.19 -0.30; -0.08 P<0.0009 0% ns

OA plus CHX Van Maanen-Schakel et al. 2012 (29) 3 -0.10 -0.17; -0.04 P=0.003 0% P=0.97

* P-value >0.1 not significant (ns)

MA = meta analysis

□	 = no data available

ns = not significant

ALX = alexidine

CPC = cetylpyridinium chloride

CHX = chlorhexidine

DEL = delmopinol

EO = essential oils

HEX = hexetidine

OA = oxygenating agents

SAN = sanguinarine

SnF2 = Stannous fluoride

TCL = triclosan
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Source Outcomes Heterogeneity

Ingredient Systematic Reviews # Experiments included in MA Difference of Means 95% CI P-value I2 P-value*

ALX Serrano et al. 2015 (26) 2 -0.16 -0.25; -0.08 P<0.0001 39,5% ns

CPC

Gunsolley 2006 (24) 7 -15.4% □ □ □ □

Haps et al. 2008 (33) 7 -0.35 -0.47; -0.24 P<0.00001 71.6% P=0.002

Serrano et al. 2015 (26) 10 -0.39 -0.54;-0.24 P<0.0001 93.9% P=0.000

CHX

Gunsolley 2006 (24) 6 -40.4% □ □ □ □

Van Strydonck et al. 2012 (18) 5 -0.68 -0.85; -0.51 P<0.00001 60% P=0.06

Serrano et al. 2015 (26) 3 -0.64 -0.76; -0.52 P<0.0001 47.4% ns

DEL Addy et al. 2007 (25) 8 -0.34 -0.39; -0.29 P<0.00001 □ □

Serrano et al. 2015 (26) 3 -0.14 -0.23; -0.06 P=0.001 0% ns

EO Gunsolley 2006 (24) 25 -27.0% □ □ □ □

Stoeken et al. 2007 (34) 7 -0.83 -1.13; -0.53 P<0.00001 96.1% P<0.00001

Serrano et al. 2015 (26) 9 -0.83 -1.05; -0.60 P=0.000 97% P=0.000

HEX Affenich et al. 2011 (27) □ □ □ □ □ □

OA Hossainian et al. 2011 (28) □ □ □ □ □ □

SAN Serrano et al. 2015 (26) 1 -12.1% □ □ □ □

SnF2 Paraskevas & Van der Weijden 2006 (35) □ □ □ □ □ □

Serrano et al. 2015 (26) 2 -0.08 -0.26; 0.10 ns 60.9% ns

TCL Serrano et al. 2015 (26) 3 -0.68 -0.85; -0.51 P<0.0001 68% P=0.04

0.12% CHX versus 0.2% CHX Berchier et al. 2010 (32) 9 -0.10 -0.17; -0.03 P=0.008 0% ns

EO versus CHX Van Leeuwen et al. 2011 (31) 5 -0.19 -0.30; -0.08 P<0.0009 0% ns

OA plus CHX Van Maanen-Schakel et al. 2012 (29) 3 -0.10 -0.17; -0.04 P=0.003 0% P=0.97
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Table 4 Overview of data extraction of the included systematic reviews regarding the Gingival Index scores.

Source Outcomes Heterogeneity

Ingredient Systematic Reviews

# 
Experiments 
included
In MA

Difference 
of Means

95% CI P-value I2 P-value

ALX Serrano et al. 2015 (26) 1 -0.09 -024; 0.07 ns □ □

CPC Gunsolley 2006 (23) 6 -13.4% □ □ □ □

Haps et al. 2008 (33) 7 -0.15
-0.23; 

-0.07
P=0.0003 87% P<0.0001

Serrano et al. 2015 (26) 4 -0.33
-0.53;-

0.12
P=0.002 95.3% P=0.000

CHX Gunsolley 2006 (23) 6 -28.7% □ □ □ □

Van Strydonck et al. 2012 (18) 3 -0.24
-0.29; 

-0.20
P<0.00001 87% P=0.0005

Serrano et al. 2015 (26) 6 -0.17
-0.25; 

-0.08
P<0.0001 59.5% P=0.03

DEL □ □ □ □ □ □ □

EO Gunsolley 2006 (23) 24 -18.2% □ □ □ □

Stoeken et al. 2007 (34) 8 -0.14
-0.25; 

-0.03
P<0.00001 75.4% P=0.02

Serrano et al. 2015 (26) 2 -0.13
-0.19; 

-0.07
P<0.0001 45.1% ns

HEX Affenich et al. 2011 (27) □ □ □ □ □ □

OA Hossainian et al. 2011 (28) □ □ □ □ □ □

SAN Serrano et al. 2015 (26) 1 -2.8% □ □ □ □

SnF2

Paraskevas & Van der Weijden 

2006 (35)
□ □ □ □ □ □

Serrano et al. 2015 (26) 2 -0.25
-0.43; 

-0.07
P=0.007 54.2% ns

TCL Serrano et al. 2015 (26) 3 -0.27
-0.31; 

-0.24
P<0.0001 41% ns

0.12% CHX 
versus 0.2% 
CHX

Berchier et al. 2010 (32) □ □ □ □ □ □

EO versus CHX Van Leeuwen et al. 2011 (31) 4 -0.03 -0.16; 0.09 ns 62% P=0.05

OA plus CHX
Van Maanen-Schakel et al. 

2012 (29)
□ □ □ □ □ □

* P-value >0.1 not significant (ns)

MA = meta analyses

□	 = no data available

ALX = alexidine

CPC = cetylpyridinium chloride

CHX = chlorhexidine

DEL = delmopinol

EO = essential oils

HEX = hexetidine

OA = oxygenating agents

SAN = sanguinarine

SnF2 = Stannous fluoride

TCL = triclosan
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Delmopinol
Delmopinol, an amino alcohol, is a third-generation antiplaque agent used as a mouth- 
wash to reduce plaque and alleviate gingivitis. It has surface-active properties and creates 
an environment that will not allow plaque biofilm and bacteria to adhere.
The search retrieved 2 systematic reviews concerning the efficacy of CHX evaluating the 
adjunctive effect to toothbrushing in the prevention of plaque accumulation and gingi-
val inflammation. The systematic review by Addy and colleagues (25) identified 8 studies 
with durations ranging from 8 to 24 weeks. Analyses for plaque and gingivitis based on 
aggregated data confirm the efficacy of delmopinol 0.2% over the placebo for PI scores, de-
monstrating a significant DiffM of -0.34. Data with respect to the GI were not available. 
Modified gingival index (38) scores and bleeding on probing (BOP) scores also showed a 
significant effect on gingivitis. Analysis also revealed no sustained heterogeneity of outco-
me, although the variable of BOP ranged considerably across the studies from less than 10% 
to greater than 30% (DiffM -2.8%).
The most recent systematic review by Serrano and colleagues (26) identified 3 articles in 
studies of 6 or more months’ duration. The study outcome with respect to the PI scores at 
the finish of the individual studies demonstrated a significant DiffM of -0.14, with nonsig-
nificant heterogeneity (I² = 0%). Data with respect to the GI were not available. Modified GI 
(38) scores and BOP scores indicate a nonsignificant effect on gingivitis.

Essential oils
Essential oils (EO) are used in an over-the-counter mouthwash containing a fixed formula 
of 2 phenol-related EO, thymol 0.064% and eucalyptol 0.092%, mixed with menthol 0.042% 
and methyl salicylate 0.060% in a 22% alcohol vehicle. The anti- microbial mechanisms of 
action of EO against bacteria are complex. At high concentrations, there is disruption of 
the cell wall and precipitation of cell proteins, whereas at lower concentrations, there is in-
activation of essential enzymes. Also, anti- inflammatory action has been proposed based 
on antioxidant activity. EO also may cause staining of teeth (39,40). The search retrieved 3 
systematic reviews concerning the efficacy of EO evaluating the adjunctive effect to tooth-
brushing in the prevention of plaque accumulation and gingival inflammation. The syste-
matic review by Gunsolley (23,24) identified 20 articles with a study duration of 6 or more 
months including unpublished data. The study outcome with respect to the PI at the finish of 
the individual studies demonstrated a weighted mean percentage reduction of 27% (SD 11.0). 
Data with respect to the GI showed weighted mean percentage reduction of 18.2% (SD 9.0).
The systematic review by Stoeken and colleagues (34) identified 11 studies with durations 
of 6 or more months. The study outcome with respect to the PI scores at the finish of the 
individual studies demonstrated a significant DiffM of -0.83, with considerable heterogen-
eity (I² = 96.1%). Data with respect to the (modified) GI showed a significant DiffM of -0.14 
in favor of CHX as compared with the control group (moderate heterogeneity, I² = 75.4%). 
The most recent systematic review by Serrano and colleagues (26) identified 15 articles 
including studies of 6 or more months’ duration. The study outcome with respect to the 
PI scores at the finish of the individual studies demonstrated a significant DiffM of -0.14, 
with nonsignificant heterogeneity (I² = 0%). Data with respect to the GI showed a significant 
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(P<.0001) DiffM of -0.13 in favor of CHX as compared with the control group (nonsignificant 
heterogeneity, I² = 45.1%). Differences in modified GI scores also were significant and more 
pronounced (DiffM -0.54, 95% CI -0.76 to -0.31).

Hexetidine
Hexetidine (HEX) belongs to the group of pyrimidine derivatives. It is a broad-spectrum 
antiseptic, active in vitro and in vivo against gram-positive and gram-negative bacteria as 
well as yeast. However, oral retention appears to be limited so that the antimicrobial acti-
vity does not last long. The systematic review by Afennich and colleagues (27) identified 6 
articles and evaluated the adjunctive effect of HEX to toothbrushing in the prevention of 
plaque accumulation and gingival inflammation in short-term (≤4 weeks) and long-term 
(≥4 weeks) study designs. The data that were retrieved did not allow for a meta-analysis. 
Therefore, a descriptive analysis was presented that showed that both in the short and long 
term, antiplaque effects can be expected; however, no concomitant effect on GI scores was 
observed.

Oxygenating agents
Oxygenating agents (OA), such as hydrogen peroxide (H₂O₂), buffered sodium peroxybo-
rate, and peroxycarbonate, have been recommended for short-term use as disinfectants. 
They exert antimicrobial effects through the release of oxygen. The systematic review by 
Hossainian and colleagues (28) identified 10 articles and evaluated the adjunctive effect of 
OA to toothbrushing in the prevention of plaque accumulation and gingival inflammation 
in short-term (≤4 weeks) and long-term (≥4 weeks) study designs. The data that were retrie-
ved did not allow for a meta-analysis. Therefore, a descriptive analysis was presented that 
showed that OA mouthwashes do not consistently prevent plaque accumulation when used 
as a short-term monotherapy. When used as a long-term adjunct to daily oral hygiene, the 
results of one study indicate that OA mouthwash reduces gingival redness.

Sanguinarine
Sanguinarine (SAN) is a (toxic) quaternary ammonium salt from the group of benzyliso-
quinoline alkaloids. It is extracted from some plants, including bloodroot (Sanguinaria ca-
nadensis). It is also found in the root, stem, and leaves of the opium poppy. The systematic 
review by Serrano and colleagues (26) identified 1 article evaluating the adjunctive effect 
of SAN to toothbrushing in the prevention of plaque accumulation and gingival inflamma-
tion with 6 months’ duration. The study outcome with respect to the PI at the finish of the 
study demonstrated a significant mean difference of 12.1% versus placebo and data with 
respect to the GI showed a nonsignificant mean difference of 2.8%.

Stannous fluoride
Tin fluoride, commonly referred to commercially as stannous fluoride (SnF₂) is a well- 
known agent that has been used in dentifrice formulations as early as the beginning of 
the 1940s. Apart from reducing the incidence of dental caries, it has antimicrobial effects 
and as such has been formulated in mouthwashes. The combination of tin and fluoride is 
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difficult to formulate because of limited stability in an aqueous solution. SnF₂ may cause 
a yellowish-brown staining of teeth. The search retrieved 2 systematic reviews concern-
ing the efficacy of SnF₂ evaluating the adjunctive effect to toothbrushing in the prevention 
of plaque accumulation and gingival inflammation. The systematic review by Paraskevas 
and van der Weijden (35) identified 2 articles evaluating mouthwashes in studies with a 
duration of 6 or more months. The data that were retrieved did not allow for a meta-ana-
lysis. Therefore, a descriptive analysis was presented that showed that SnF₂ mouthwashes 
do not consistently prevent plaque accumulation or prevent gingivitis. The most recent 
systematic review by Serrano and colleagues (26) identified 3 articles in studies of 6 or 
more months’ duration. The study outcome with respect to the PI scores at the finish of 
the individual studies demonstrated a nonsignificant DiffM of -0.08, with nonsignificant 
heterogeneity (I² = 60.9%). Data with respect to the GI showed a significant DiffM of -0.25 in 
favor of CHX as compared with the control group (nonsignificant heterogeneity, I² = 54.2%).

Triclosan
Triclosan (TCL) is a nonionic chlorinated aromatic compound that has functional groups 
representative of both ethers and phenols. It has antibacterial and antifungal properties 
and is applied in consumer products, including soaps and detergents. In mouthwash pro-
ducts it is combined with either zinc sulfate or a copolymer. The systematic review by Ser-
rano and colleagues (26) identified 4 articles that evaluated the adjunctive effect of TCL as 
pre-rinse to toothbrushing in the prevention of plaque accumulation and gingival inflam-
mation in studies of 6 or more months’ duration. The study outcome with respect to the 
PI scores at the finish of the individual studies demonstrated a significant DiffM of -0.68, 
with moderate heterogeneity (I² = 68%). Data with respect to GI showed a significant DiffM 
of -0.27 in favor of TCL as compared with the control group (nonsignificant heterogeneity, 
I² = 41.0%).

Comparisons of Active Ingredients
Chlorhexidine 0.12% versus chlorhexidine 0.2%
In their systematic review, Berchier and colleagues (32) identified 8 articles evaluating the 
2 CHX concentrations in relation to the prevention of plaque accumulation and gingival 
inflammation with no limits to study duration. With respect to the PI scores at the finish 
of the individual studies demonstrated a significant (P = 0.008) DiffM of -0.10 (95% CI -0.17 
to -0.03), in favor of 0.2% CHX with nonsignificant heterogeneity (I² = 0%). The investiga-
tors considered the clinical relevance of this difference likely to be negligible. Information 
concerning the effect on gingival inflammation was sparse. Descriptive analysis tended to 
show that there was no difference.

Essential oils versus chlorhexidine
The systematic review by Van Leeuwen and colleagues (31) identified 19 articles that eva-
luated the adjunctive effect of EO mouthwash against CHX in short-term (≤4 weeks) and 
long-term (≥4 weeks) study designs. Long-term studies evaluating the adjunctive effect to 
toothbrushing showed that, at the end of the studies, PI scores were reduced significantly 
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(P<.0009) with DiffM of -0.19 (95% CI -0.30 to -0.08), in favor of CHX as compared with the 
EO group with nonsignificant heterogeneity (I² = 0%). Data with respect to GI showed a non-
significant DiffM of -0.03 (95% CI -0.16–0.09) with moderate heterogeneity (I² = 62%, P 5 .05).

Essential oil versus alcohol solution
The systematic review by Van Leeuwen and colleagues30 identified 5 articles that evalu-
ated the adjunctive effect of EO mouthwash against an alcohol vehicle solution of 21.6 or 
26.9% hydro-alcohol (V-Sol) in short-term (≤4 weeks) and long-term (2:4 weeks) study de-
signs. Long-term studies evaluating the adjunctive effect to toothbrushing showed with 
respect to the PI scores at the finish of the individual studies a significant (P<.00001) DiffM 
of -0.39 (95% CI -0.47 to -0.30), in favor of EO with nonsignificant heterogeneity (I² = 0%). 
Data with respect to GI showed, in favor of EO, a significant (P<.00001) DiffM of -0.36 (95% 
CI -0.62 to -0.26), with considerable heterogeneity (I² = 92%, P<.00004).

Hexetidine versus chlorhexidine
In their systematic review Afennich and colleagues (27) (see earlier in this article) showed 
in their descriptive analysis that HEX is consistently less effective in plaque reduction 
than a CHX mouthwash and also less effective in reducing gingival inflammation than a 
CHX mouthwash.

Oxygenating agents versus chlorhexidine
In their systematic review, Hossainian and colleagues (28) (see earlier in this article) sho-
wed in their descriptive analysis that OAs are consistently less effective in plaque reducti-
on than a CHX mouthwash.

Combination of Active Ingredients
Chlorhexidine and oxygenating agents
In their systematic review, Van Maanen-Schakel and colleagues (29) identified 4 articles 
that evaluated the adjunctive effect of OA in combination with CHX in relation to the pre-
vention of plaque accumulation and gingival inflammation with no limits to study du-
ration. In their descriptive analysis, CHX in combination with OA showed no consistent 
difference in plaque or gingivitis reduction as compared with CHX mouthwash alone. Me-
ta-analysis concerning the Silness and Löe PI (1964) showed a significant DiffM in favor of 
the combination (DiffM -0.10, 95% CI -0.17 to -0.04) with nonsignificant heterogeneity (I² = 
0%). However, a significant (P = 0.02) reduction in staining was observed in the combinati-
on with OA (DiffM -0.27, 95% CI -0.49 to -0.05]), with nonsignificant heterogeneity (I² = 38%,  
P = 0.20).

Evidence Profile
Table 5 shows a summary of the various factors used to rate the body of evidence and 
strength of recommendations according to GRADE. There is strong evidence in support 
of the efficacy of both CHX and EO that have a large beneficial effect on plaque reduction 
and a moderate effect on gingivitis. There is also strong evidence in support of the efficacy 
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of CPC, which has a moderate beneficial effect on both plaque and gingivitis scores. There 
is moderate evidence for a small effect of ALX and for a large effect of TCL when used as 
pre-rinse before toothbrushing. Weak evidence emerged for small or indistinct effects of 
HEX, OA, SAN, and SnF₂.

Discussion

This meta-review summarized the available evidence as was present in the form of syste-
matic reviews with respect to the efficacy of mouthwash for plaque control in managing 
gingivitis. We included only systematic reviews because there are many such reviews 
available and this type of research generally provides more evidence than separate empi-
rical studies taken alone (15). There was strong consistent evidence emerging from 3 sys-
tematic reviews that evaluated CHX and EO showing that these ingredients are effective in 
plaque reduction. However, the evidence also shows moderate to considerable heterogen-
eity in the meta-analysis. In cases in which heterogeneity is obvious, readers should exerci-
se caution, as the DiffM may not provide an exact measure of the results. It is therefore dif-
ficult to compare these 2 chemical agents based on the DiffM or make inferences that one 
ingredient would be more effective than the other. Only one review emerged that compa-
red mouthwash ingredients (31) with a moderate estimated risk of bias and a quality score 
of 78%. It showed that in comparison to EO, CHX provided better results for plaque control. 
For the long-term control of gingival inflammation, EO was not different from CHX.

Grading
The steps toward guideline development involve formulating recommendations that clinici-
ans and their patients should follow (41). A variety of systems are used to rate the quality of 
the evidence underlying their recommendations. The GRADE working group has developed 
a common, sensible, and transparent approach to grading quality of evidence and strength of 
recommendations. Many international organizations have provided input into the develop-
ment of the approach and have started using it. The strength of a recommendation indicates 
the extent to which one can be confident that the desirable effects of an intervention outweigh 
its undesirable effects. When a recommendation is weak, clinicians and other health care 
providers need to devote more time to the process of shared decision-making by which they 
ensure that the informed choice reflects individual values and preferences. This is likely to 
involve ensuring patients understand the implications of the choices they are making, possi-
bly by using a formal decision aid. When recommendations are strong, clinicians may spend 
less time on the process of making a decision, and focus efforts on overcoming barriers to im-
plementation or adherence. However, the strength of a recommendation may not be directly 
correlated with its priority for implementation (42).
Alternatively, in considering 2 or more possible management strategies, a recommendation’s 
strength represents the confidence that the net benefit clearly favors one alternative or ano-
ther. From this meta-review, 2 chemical agents emerged for which strong evidence with a large 
effect was available to recommend their use in mouthwash products. These were CHX and EO.
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GRADE ALX CPC CHX DEL EO HEX OA SAN SnF2 TCL

Study designs
Systematic review

N=1

Systematic review

N=3

Systematic review

N=3

Systematic review

N=2

Systematic review

N=3

Systematic review

N=1

Systematic review

N=1

Systematic review

N=1

Systematic review

N=2

Systematic review

N=1

Reporting and methodological estimated potential risk of bias Low Low to Substantial Low to Substantial Substantial Low to Substantial Moderate Moderate Low Low to Moderate Low

Consistency Inconsistent Consistent Consistent Fairly consistent Consistent Inconsistent Inconsistent Inconsistent Inconsistent Consistent

Heterogeneity ND Considerable Considerable ND Considerable ND ND ND Moderate Moderate

Directness Direct Direct Direct Direct Direct Indirect Indirect Direct Direct Indirect

Precision Precise Precise Precise Imprecise Precise Imprecise Imprecise Imprecise Imprecise Precise

Publication bias Possible Possible Possible Possible Possible Possible Possible Possible Possible Possible

Magnitude of the effect Small Moderate Large Small Large Indistinct Indistinct Small Small large

Body of evidence Moderate Strong Strong Weak Strong Weak Weak Weak Weak Moderate

Side Effects
Various side effects have been reported for mouthwash products of which staining is a 
more common complaint following use of CHX, CPC, delmopinol (DEL) EO, and SnF₂. The 
staining can become worse when other products that are known to cause staining, such 
as tea, coffee, wine, and cigarettes, are consumed at the same time. One systematic review 
included in this meta-analysis showed that there is moderate evidence that a combination 
of CHX and an OA reduces tooth staining and also showed that it slightly but significantly 
increases inhibition of plaque growth (29). Another issue is taste disturbance, which has 
been attributed to CHX, CPC, DEL EO, SAN, and HEX. For instance CHX, which tastes bit-
ter, greatly reduces the perceived intensity of the salt (43). The development of taste dis-
turbance and tooth staining and the promotion of calculus formation does not permit the 
widespread long-term use of CHX as a daily adjunct to normal oral hygiene procedures 
(18). CHX is therefore rather restricted to short-term to moderate-term use and in special 
clinical situations. A rare side effect that can be disturbing to the patient is parotid swel-
ling, which has been reported after the use of both HEX and CHX (44). The investigators of 
this case report concluded that parotid swelling may not be related to the type of mouth-
wash used, but may instead be a consequence of the rinsing action itself. Another potential 
adverse effect is a shift in the type or quantity of oral commensals. Virtually all of the main 
chemical plaque-control agents do not produce major shifts or development of resistant 
strains. When, on rare occasion, adverse effects on the oral microflora emerge, these ef-
fects quickly disappear when the chemical is discontinued (8,45). Tissue disturbance has 
been reported for SAN, which is suspect for causing the formation of white lesions (46). 
Although the available clinical and animal data provide no support that the use of a SAN 
mouthwash is causally associated (47), its production has been discontinued (48).

Table 5 Estimated evidence profile (21) for the effect of various active ingredients of mouthwashes on dental plaque 

and gingival health.

ALX = alexidine

CPC = cetylpyridinium chloride

CHX = chlorhexidine

DEL = delmopinol

EO = essential oils

HEX = hexetidine
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Chlorhexidine and sodium lauryl sulfate
Chemicals in mouthwash and dentifrice formulations can result in antagonism with re-
duction or negation of activity of one or both chemicals. In the broad search, 2 systematic 
reviews surfaced concerning the negative impact dentifrices containing sodium lauryl 
sulfate (SLS) may have on the efficacy of CHX mouthwash on the prevention of plaque ac-
cumulation and gingival inflammation. This interaction is not restricted to just CHX but 
any cationic antiseptic-containing mouthwash, such as CPC, making it essential that active 
mouthwash ingredients are evaluated for bioavailability under normal use. SLS is the most 
commonly used surfactant in dentifrices that, in addition to other properties, enhance the 
dentifrice foaming action. In their systematic review Kolahi and Soolari (49) identified an 
unclear number of articles that evaluated the effect of SLS in combination with CHX in re-
lation to the prevention of plaque accumulation and gingival inflammation with no limits 
to study duration. There was not sufficient similarity between the included trails to combi-
ne them in a formal meta-analysis. Hence, the investigators declare that they used best evi-
dence synthesis as an intelligent alternative for meta-analysis. They concluded that there 
are adequate reasons to believe CHX and SLS dentifrices are not compatible. Also, besides 
SLS, CHX may not be compatible with many anionic compounds found in dentifrices (50).
More recently, Elkerbout and colleagues (51) also evaluated the effect of SLS in combination 
with CHX in relation to the prevention of plaque accumulation and gingival inflammation 
with no limits to study duration and identified 4 articles. The study outcome with respect 
to the PI scores at the finish of the individual studies demonstrated a nonsignificant Dif-
fM of -0.08 (95% CI -0.26–0.11), with nonsignificant heterogeneity (I² = 0%). No analysis with 
respect to gingivitis scores could be performed. The investigators concluded that there is 
moderate evidence to state that SLS dentifrice can be freely used in combination with CHX. 

GRADE ALX CPC CHX DEL EO HEX OA SAN SnF2 TCL

Study designs
Systematic review

N=1

Systematic review

N=3

Systematic review

N=3

Systematic review

N=2

Systematic review

N=3

Systematic review

N=1

Systematic review

N=1

Systematic review

N=1

Systematic review

N=2

Systematic review

N=1

Reporting and methodological estimated potential risk of bias Low Low to Substantial Low to Substantial Substantial Low to Substantial Moderate Moderate Low Low to Moderate Low

Consistency Inconsistent Consistent Consistent Fairly consistent Consistent Inconsistent Inconsistent Inconsistent Inconsistent Consistent

Heterogeneity ND Considerable Considerable ND Considerable ND ND ND Moderate Moderate

Directness Direct Direct Direct Direct Direct Indirect Indirect Direct Direct Indirect

Precision Precise Precise Precise Imprecise Precise Imprecise Imprecise Imprecise Imprecise Precise

Publication bias Possible Possible Possible Possible Possible Possible Possible Possible Possible Possible

Magnitude of the effect Small Moderate Large Small Large Indistinct Indistinct Small Small large

Body of evidence Moderate Strong Strong Weak Strong Weak Weak Weak Weak Moderate

OA = oxygenating agents

SnF2 = Stannous fluoride

SAN = sanguinarine

TCL = triclosan

ND = not determinable
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Van Strydonck and colleagues (18) also noted that in most of the studies in their review 
CHX was always combined with regular oral hygiene procedures. However, this usage still 
showed a beneficial effect on oral health, which indicates that the impact of SLS may not be 
clinically relevant.

Substantivity and bioavailability
Mouthwashes are simply a means for delivery of active substances in the oral cavity whe-
re, after 20 to 30 s of rinsing, all surfaces of the dentition have come into contact with the 
mouthwash (52). Most are composed of a water or water-alcohol base, with flavor, sur-
factant, and humectant added for their cosmetic properties. Mouthwashes and their active 
ingredients are exposed to the mouth for a relatively short period of time before expecto-
ration from the mouth. In addition, the proteins present in saliva may reduce the activity 
of some substances (53). The property of substantivity ensures that, at least for some che-
micals (such as CHX), possible antibacterial effects are sustained for much longer periods 
of time (45). Substantivity refers to the ability of an agent to be retained in the oral cavity 
and to be released over an extended period of time with retention of potency. The overall 
oral retention of an antiplaque agent is determined by the strength and rate of association 
of the agent with its receptor sites and the accessibility of these sites. The substantivity of 
an antiplaque agent and its clearance from the oral cavity are determined by the rate of 
dissociation of the agent from the receptor sites and the salivary composition and flow rate 
(9). CHX is well known for its substantivity being retained in supragingival plaque, the 
tooth pellicle, and the oral soft tissues from where it exerts a plaque inhibitory effect that, 
within the oral cavity, may last up to 12 hours (54).
It is noteworthy that the inclusion of a known active agent in a formulation does not gua-
rantee efficacy, although it is often used to make piggy-back claims for new products. For 
instance, 2 recent systematic reviews have shown that CHX can be successfully formulated 
into a dentifrice/gel and will inhibit plaque growth to some degree, but not to the same ex-
tent as CHX incorporated into a mouthwash (55,56). Many oral hygiene products are com-
plex formulations, and the potential for ingredient interactions is great. Bioavailability is 
an issue that deserves attention when formulating a mouthwash. Formulations with high 
bioavailable CPC are associated with greater biological activity and therefore suggest an 
increased probability for clinical efficiency (57).

Alcohol
Alcohol in mouthwashes is used to enhance flavor impact, to solubilize the flavor and some 
active ingredients, to provide some preservative power, and improve the transport of ac-
tive ingredients into the dental plaque biofilm. The systematic review by Van Leeuwen and 
colleagues (30) indicated that the alcohol vehicle solution does not contribute to the effica-
cy of the mouthwash. Although the accumulated effects of mouthrinse usage with a high 
percentage of alcohol and ingestion of alcohol could theoretically predispose toward oral 
or pharyngeal carcinoma, the contributory effects of alcohol in these rinses are unclear 
and not considered proven (58) by most national regulatory organizations, including the 
US Food and Drug Administration (59).
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More recently, for various reasons, there has been an increase in the demand for alco-
hol-free mouthwashes (60). An important determination is whether the inclusion or ex-
clusion of alcohol could affect the activity of the mouthwashes. In the meta-analysis of Ser-
rano and colleagues (26), 10 studies evaluating EO included 9 mouthwash products that 
contained alcohol and 1 that did not. Based on this limited evidence, no major difference 
was observed (DiffM for alcohol -0.827 and mean difference alcohol free -0.746). Berchier 
and colleagues (32) in their 0.12% versus 0.2% CHX article, performed a subanalysis on 
0.12% CHX with/without alcohol as compared with 0.2% CHX with alcohol. The data show a 
trend that the nonalcohol product was slightly less effective.
There has been concern that alcohol from mouthwash products is being converted to ace-
taldehyde in the oral cavity, which then may cause DNA damage and lead to mutations. A 
meta-analysis of epidemiologic studies concerning mouthwash and oral cancer also spe-
cifically evaluating mouthwash products containing greater than 25% alcohol was perfor-
med by Gandini and colleagues (61). The meta-analysis included 18 studies. No statistically 
significant associations (relative risk [RR]) were found between regular use of mouthwash 
and risk of oral cancer (RR 1.13; 95% CI 0.95– 1.35). There was also no association reported 
use of mouthwash specifically containing alcohol and risk of oral cancer (RR 1.16; 95% CI 
0.44–3.08). Based on their observations, the investigators came to the conclusion that ba-
sed on the quantitative analysis of mouthwash use and oral malignancy, no statistically 
significant associations were revealed between mouthwash use and risk of oral cancer, nor 
was any significant trend observed in risk with increasing daily use, nor association bet-
ween use of mouthwash containing alcohol and oral cancer risk.

Rinse Duration and Volume
The manufacturers of mouthwash products recommend different durations for the rin-
sing procedure. Keijser and colleagues (62) compared mouthwashes with various rinsing 
times. Results of the questionnaire indicated that the subjects preferred the shorter rin-
sing time, which raises the question of whether shorter rinsing times can be sufficient for 
effective plaque control. Another study assessed the plaque inhibiting effect of a 0.2% CHX 
solution with 3 different rinsing times following a 72-hour nonbrushing period, this being 
60 s as proposed by the manufacturer, and 2 shorter rinsing times of 30 s and 15 s (63). The 
outcome did not reveal a significant difference in plaque development whether the sub-
jects rinsed for 60, 30, or 15 s, which suggests that even 15 s may be long enough to reduce 
plaque levels. Berchier and colleagues (32) also showed that there is minimal difference 
between rinsing for 30 or 60 s on plaque scores. Further studies are needed to establish 
whether shorter rinsing times will be sufficient for effective gingivitis control. A conside-
ration is that a shorter rinsing time could have a positive effect on compliance. Manufac-
turers also recommend different volumes, ranging from 10 to 20 ml. It seems relevant to 
have information about the mouthwash volume that is understood by the patient to ensure 
optimal compliance. One study assessed the volume of mouthwash with respect to patients’ 
perceptions of comfort (64). This study investigated volunteers’ subjective perceptions to 
different volumes of mouthwash (volumes of 5, 10, 15, 20, and 30 ml) to establish the most 
comfortable volume of mouthwash with which to rinse. Based on the results of this expe-
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riment with a nonfoaming mouthwash, it was concluded that the most pleasant volume of 
mouthwash is 15 ml. This volume had a mean visual analogue scale (VAS) score that was 
closest to the optimal score. The differences between the mean VAS scores of rinsing with 
15 ml and other volumes were statistically significant (P<.001).

Limitations of mouthwashes in the prevention of dental plaque formation
-  The oral biofilm produces an encased and highly protective community of cells that acts as 

a barrier and as a result is much less influenced by its environment, including the introduc-
tion of chemical agents (65). This aspect has received little attention in mouthwash studies.

-  There appears to be a consensus that mouthwashes with antiplaque agents are not desig-
ned to be used in isolation and should be used in combination with mechanical cleaning (8).

-  For individuals with existing disease with frank periodontal pocketing, the use of vehi-
cles such as mouthwash or dentifrice to deliver antimicrobial and antiplaque agents has 
only limited or no effects on the subgingival flora (8,45). In these cases, chemical agents 
need to be placed directly into the subgingival environment by subgingival irrigation or 
by some alternative drug-release device. However, within minutes, gingival crevicular 
fluid outflow will dilute subgingivally applied antiseptics (66).

-  Only sparse information is available with respect to the efficacy of chemotherapeutic 
agents on biofilm-contaminated titanium surfaces (67).

-  Mouthwashes can also act as a vehicle in which to incorporate chemicals that promote 
fresh breath and help alleviate the problem of oral malodor. This aspect was not addres-
sed by this meta-analysis. Systematic reviews have shown that due to very limited eviden-
ce, the potential effect of a specifically formulated mouthwash for treating oral malodor 
is, in general, unclear (68,69).

-  Publication bias cannot be ruled out. The results as presented in this meta-review may 
therefore provide a biased estimate of the true effect (overestimation) because there is a 
tendency to publish mainly positive studies.

Cost-effectiveness
The long-term adjunctive use of antiplaque agents in any vehicle other than dentifrice 
would have significant cost implications to the average family. At present prices, the cost 
of mouthwashes would be far greater than that of toothbrushes and dentifrice. This may be 
prohibitive for many individuals, and dentifrice is thus still the best vehicle for delivering 
antiplaque agents. Nonetheless, if a mouthwash is highly effective in terms of oral health 
gain, the additional cost of its use may be a price worth paying (8). As emerged out of this 
review, this would apply particularly to CHX and EO mouthwashes.
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Summary

This meta-review summarized and appraised the current state of evidence based on syste-
matic reviews, with respect to the efficacy of various active ingredients of over-the-coun-
ter chemotherapeutic mouthwash formulations for plaque control in managing gingivitis. 
Evidence suggests that a mouthwash containing CHX is the first choice. The most reliable 
alternative for plaque control is EO. No difference between CHX and EO with respect to 
gingivitis was observed.
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Abstract

Aim
To establish the added effect of a chemotherapeutic cooling solution in an ultrasonic device 
on clinical parameters of periodontal inflammation following non-surgical periodontal 
therapy.

Methods
The MEDLINE-PubMed, Cochrane-CENTRAL, and the EMBASE databases were searched. 
Probing pocket depth (PPD) and clinical attachment level (CAL) and their changes were 
selected as outcome variables. Subgroup analyses were performed according to the fol-
lowing active ingredients: essential oils (EO), povidone–iodine (PVP), and chlorhexidine 
(CHX).

Results
Screening of 100 unique papers resulted in 14 eligible publications, including 16 compari-
sons. The meta-analysis (MA) showed that when the ultrasonic cooling solution had adju-
vant chemotherapeutic properties, the difference of means (DiffM) for end value PPD-0.12 
(95% CI: -0.42; 0.18) and for CAL the DiffM+-0.13 (95% CI: -0.39; 0.14). None of these were sta-
tistically significant, and the findings were supported by the overall descriptive analysis.

Conclusion
The collective evidence indicates that overall, no additional effects were observed. There is 
a ‘very weak’ recommendation based on the sub-analysis showing that in conjunction with 
PVP, a very small gain in CAL may be expected. For the use of CHX or EO, the added effect 
can be considered to be ‘zero.’ Therefore, the strength and direction of the recommendati-
on emerging from this review is against their use.
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Introduction

Periodontitis is an inflammatory disease involving the supporting tissues of the teeth that 
results in progressive destruction of the periodontal ligament and alveolar bone with pa-
thological pocket formation, recession, or both. The goals of periodontal therapy are to 
preserve, improve, and maintain the natural dentition. The majority of patients can retain 
their dentition over their lifetime with appropriate treatment, reasonable dental plaque 
control, and continuing maintenance care (1). Considering all evidence, the cornerstone 
of management of chronic periodontitis remains non- surgical periodontal treatment (2). 
Scaling and root planing (subgingival debridement) are essential components of succes-
sful periodontal therapy. The collective evidence from numerous trials reveals consistent 
clinical improvement in patients with chronic periodontitis. Subgingival debridement is 
an effective treatment for reducing probing pocket depth (PPD) and improving the clini-
cal attachment level (CAL) (3). This therapy includes manual, sonic and/or ultrasonic in-
strumentation in conjunction with supragingival plaque control (4). Ultrasonic scalers 
are operated with a water flow that serves several purposes including (in case of magnet-
ostrictive scalers) cooling of the generator’s magnetic core material that drives the scaler 
probe oscillations. During use, cooling water is passed over the tip to reduce frictional he-
ating (5). A documented benefit of the flowing water is the inception of biophysical forces – 
namely cavitation and micro-streaming (6). The vibrations generate cavitation within the 
water, which could assist in the cleaning process. The water also provides cooling at the 
treatment site, where too little water can potentially lead to rapid heating due to friction 
between the probe and the tooth (5). Water further clears the treated site of material, remo-
ving it during the instrumentation, aiding the operator’s visibility, and potentially spee-
ding up the procedure. To optimize full-mouth debridement, conceptually, utilization of 
an antimicrobial agent to enhance bacterial suppression might be beneficial for reducing 
PPD and improving CAL (7). At present, the use of chemotherapeutic agents in combina-
tion with ultrasonic devices during non-surgical periodontal therapy and its subsequent 
treatment effect has not been evaluated in a systematic manner.
Therefore, the aim of this study was to establish the effect of chemotherapeutic cooling so-
lutions added to ultrasonic devices on clinical parameters of periodontal inflammation.

Methods

This systematic review was prepared as described in accordance with the Cochrane hand-
book for systematic reviews of intervention and the Transparent Reporting of Systematic 
Reviews and Meta-analyses (PRISMA-statement), which provides guidance for the prepa-
rations and the guidelines of the PRISMA-statement (8). The protocol detailing the review 
method was developed a priori, following an initial discussion between the members of the 
research team.
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Focused question
What is the effect of a chemotherapeutic cooling solution added to ultrasonic devices du-
ring non-surgical periodontal therapy compared to water or a control solution on the cli-
nical parameters of periodontal inflammation?

Search strategy
A structured search strategy was designed to retrieve all relevant studies that evaluated 
the effectiveness on clinical periodontitis parameters of adding chemotherapeutic agents 
as cooling solution to an ultrasonic device during non-surgical periodontal therapy com-
pared to placebo, water, or saline. The National Library of Medicine, Washington, DC 
(MEDLINE-PubMed), the Cochrane Central Register of Controlled Trials (CENTRAL), and 
EMBASE (Excerpt a Medical Database by Elsevier) were searched from their initiation to 
August 2015 for appropriate papers that answered the focused question. The reference 
lists of the included studies were hand-searched to identify additional potentially relevant 
studies. For details regarding the search terms used, see Box 1.

Screening and selection
Titles and abstracts from the studies obtained by the searches were independently screened 
by two reviewers (MvdS and DES) to select studies that potentially met the inclusion crite-
ria. No language restrictions were imposed. Based on the title and abstract, the full-text 
versions of potentially relevant papers were obtained. These were categorized as defini-
tely eligible, definitely not eligible, or questionable. Disagreements concerning eligibility 
were resolved by consensus or if disagreement persisted, by arbitration through a third 
reviewer (GAW). The papers that fulfilled all of the inclusion criteria were processed for 
data extraction.

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

{ <treatment> AND <disease> }

{<treatment>

<[(text words) coolant OR irrigation]

AND

[(MeSH terms) Ultrasonic OR (text words) ultrasound OR ultrasonic OR ultrasonics]>

AND

<disease>
<(MeSH terms) Periodontal diseases OR (text words) Periodontitis OR periodontal disease OR periodontal 
diseas*>}

The asterisk (*) was used as a truncation symbol.
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The inclusion criteria were as follows:
• Randomized controlled clinical trials (RCTs) or controlled clinical trials.
• Conducted in humans:
 o ≥18 years of age.
 o In good general health (no systemic disorder).
 o Diagnosed with periodontitis.
 o Received non-surgical treatment by use of an ultrasonic device (US).
• Intervention: chemotherapeutic agents added as cooling solution to an US.
• Comparison: placebo, saline or water as cooling solution in an US.
•  Outcome parameters evaluated: Primary outcome: PPD, CAL and bleeding score (BS). 

Secondary outcome: plaque index score (PI), gingival index score (GI), and the gingival 
recession (GR).

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

Quality assessment
Two reviewers (MvdS and EvsdS) independently scored the individual methodological 
quality of the included studies using the checklist presented in Appendix S1. A study was 
classified as having a ‘low risk of bias’ when random allocation, defined inclusion/exclu-
sion criteria, blinding to patient and examiner, balanced experimental groups, identical 
treatment between groups (except for the intervention), and reporting of follow-up were 
present. Studies that met six of these seven criteria were considered to have a potentially 
moderate risk of bias. If two or more of these seven criteria were absent, the study was 
considered to have a high risk of bias (9).

Data extraction
The characteristics of the population, intervention, comparison and outcomes were ex-
tracted independently from all studies by two reviewers (MvdS and EvdS) using a speci-
ally designed data extraction form. Disagreements between the reviewers were resolved 
through discussion and consensus. If a disagreement persisted, the judgment of a third 
reviewer (DES) was decisive. Some of the studies provided standard error (SE) of the mean. 
Where needed and possible, the authors calculated standard deviation based on the sam-
ple size (SE = SD/√N). For those papers that provided insufficient data to be included in the 
analysis, the first or corresponding author was contacted to request additional data.

Data analysis
As a summary, a descriptive data presentation was used for all studies. Subsequently, whe-
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re feasible, a meta-analysis (MA) was performed for the various outcome parameters. Sub-
group analyses were conducted according to the different chemotherapeutic agents to ex-
plore possible effect size differences. In studies that had multiple treatment arms in which 
data from the control group were compared with data from more than one other group, the 
number of subjects (n) in the control group was divided by the number of comparisons. 
The difference of means (DiffM) between the test and control groups was calculated using 
a ‘random or fixed effects’ model where appropriate [Review Manager (REVMAN) (Com-
puter program), version 5.2, for Windows; The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copenhagen, Denmark]. If there were ≤ four studies a ‘fixed-effect’ analysis was 
performed (10). The heterogeneity was tested by the chi-square test and the I2 statistic. If 
possible, testing for publication bias was performed as proposed by Egger et al. (1997) (11).

Grading the ‘body of evidence’
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) 
was used to rank the evidence (12). Two reviewers (DES and GAW) rated the quality of the 
evidence and the strength and direction (13) of the recommendations according to the follo-
wing aspects: risk of bias, consistency of results, directness of evidence, precision and pu-
blication bias, and magnitude of the effect. Any disagreement between the two reviewers 
was resolved after additional discussion.

Results

Search and selection results
Figure 1 describes the flow of the search process. A total of 100 unique papers were iden-
tified, from which 13 full-text articles were obtained (14-27) and screened to confirm eli-
gibility. The manual searching of the reference lists of the selected papers provided two 
additional suitable publications (18,19). Two studies provided data on the same experiment 
(21,28). Consequently, 14 eligible experiments were included in this systematic review de-
scribing 16 comparisons.

Assessment of heterogeneity
Some heterogeneity was observed in the 14 experiments with respect to study design (split-
mouth design and parallel design) and evaluation period. Various ultrasonic device types 
and cooling solution were used among the selected studies. Povidone–iodine (PVP) was the 
most frequently used chemotherapeutic agent included in nine experiments, chlorhexidi-
ne (CHX) was assessed as a cooling solution in five studies, and essential oils (EO) in three. 
For comparison, water, saline, or placebo solution was used. Information regarding the 
study outline and characteristics is shown in detail in Table 1. All studies included parti-
cipants in good general health. Regarding periodontal health, various criteria and diag-
noses were used as parameters for inclusion. Half of the studies did not include smokers 
(19-21,24,25,27) while two studies did report including smokers (23,26), and the other pa-
pers did not provide details on smoking habits. Information on procedures such as use 
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of anaesthesia, duration of instrumentation, subsequent use of rubber cups for polishing, 
follow-up supportive periodontal care, instructions regarding oral hygiene products, and 
additional (temporary) use of chemical mouthwash was sparsely reported in the included 
studies. Further details on heterogeneity aspects are described in Appendix S3.

Side effects and industry funding
The included papers did not report any adverse events or side effects. The majority of the 
experiments used commercially available chemotherapeutic agents (PVP, CHX, and EO) 
as a coolant solution for the ultrasonic devices. Seven studies did not provide any infor-
mation regarding study funding; the other seven reported being supported by a univer-
sity or a non-profit grant organization (16,18,19,23,24,26,27). In addition, two studies were 
sponsored by companies, GABA international AG (Guarnelli et al. 2008) (23) and Colgate 
Technology Center (Rosling et al. 2001) (18), whereas ICI supplied the CHX solution used 
for Chapple et al. (1993) (16).

Methodological quality assessment
Estimates of the potential risk of bias and methodological quality of the included studies 
were based on a checklist as presented in Appendix S1. A summary of the proposed crite-
ria indicates the estimated potential risk of bias to be ‘high’ in four studies, ‘moderate’ in 
seven studies, and ‘low’ in two.

Study outcomes results
Appendix S4 presents the results of the data extraction. Data regarding PPD, CAL, bleeding 
upon pocket probing (BOP), GI, GR, and PI could be retrieved. The Baseline and end data are 
presented together with data and statistical analysis related to the changes within groups. 
Additionally, modifications of some clinical indices are reported. None of the included stu-
dies evaluated all of the clinical parameters of interest. Table 2 descriptively summarizes 
statistically significant differences between using chemotherapeutics as a coolant or a con-
trol solution. None of the 16 comparisons showed a statistically significant improvement in 
favour of a chemotherapeutic for any of the parameters.

Meta-analysis
Table 3 summarizes the detailed outcomes of the MA performed on the primary data of 
interest. Regarding overall PPD, CAL, and BS, there was no significant difference (P < 0.05) 
at any time point (baseline or end) or with respect to the changes. Sub-analyses according 
to the different cooling solutions (PVP, CHX, and EO) did reveal PVP a significant difference 
for PVP compared to control solutions in the incremental CAL data (P = 0.03). Appendix S5 
shows the original forest plots of the MA. Testing for publication bias could not be perfor-
med because fewer than 10 studies were included in the MA, which would result in insuffi-
cient statistical power (11,10).
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Figure 1 Flow chart of the search and selection process.
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Evidence profile
Table 4 shows a summary of the various factors used to rate the quality of evidence and 
strength of recommendations according to GRADE (12). Taken together, the strength of the 
recommendation emerging from this systematic review should be considered ‘absent’ with 
respect to the use of CHX and EO and ‘very weak’ with respect to the use of PVP. For details 
concerning grading the body of evidence, see Table 4.

Discussion

According to the American Academy of Periodontology (7), the issue as to whether irrigati-
on with chemotherapeutic agents in conjunction with root planing produces a synergistic 
effect is controversial. Previously, in a systematic review, the additional effect of PVP–io-
dine as an adjunct to scaling and root planing in the treatment of chronic periodontitis was 
evaluated. The authors concluded that the adjunctive use may increase PPD reduction, alt-
hough the clinical significance, considered to be, is small to moderate (29). However, two 
out of the seven included papers did not use the PVP–iodine as a coolant solution or alter-
natively only assessed sites with furcation involvement. Considering the focused question 
of the present review, these papers were not deemed to be suitable. An earlier review by 
Greenstein (1999) (30), which addressed all concepts of PVP–iodine for periodontal the-
rapy, found some evidence to indicate that delivery via an ultrasonic device achieves bet-
ter results in deep pockets than ultrasonic debridement with water irrigant. However, no 
other chemotherapeutic agents were evaluated by these authors. The available evidence 
emerging from the present systematic review shows that, in general, chemotherapeutic 
agents in the ultrasonic cooling solution do not provide an additional treatment effect follo-
wing non-surgical periodontal debridement. Only the sub-analysis of the incremental data 
between baseline and end scores for changes in CAL showed a significant effect in favour 
of PVP. However, a weighted mean 0.23 mm gain in CAL, although statistically significant, 
likely has little clinical relevance (13). Therefore, cooling with water can be regarded as the 
standard procedure. A general problem in the area of research on subgingival debride-
ment is that, in combination with oral hygiene instruction, this particular procedure has 
been shown to be a very effective treatment modality. Therefore, it appears to be difficult 
to show any adjunctive effect of the local delivery of therapeutic agents. After reviewing 
the literature, Wennström (1992) (31) concluded that in patients maintaining good oral hy-
giene, subgingival irrigation used either as a single mode of treatment or as an adjunct to 
thorough mechanical debridement does not have any significant therapeutic effect. Tim-
merman et al. (1996 (32) demonstrated that even with subgingivally applied antibiotics, it 
was not possible to improve the effect of non-surgical periodontal treatment.

Interpretation of effect size
Recently, a panel of experts convened by the American Dental Association (ADA) Coun-
cil on Scientific Affairs published an evidence-based clinical practice guideline on the 
non-surgical treatment of chronic periodontitis. This paper also contains a clinical rele-
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Author/publication 
year

Design
Follow up
#participants(end)

Participants characteristics
Treatment group
Ultrasonic device

Original authors conclusion

Taggart et al.

(1990) (14)

RCT

Splith mouth

Parallel

10 weeks

10(9)

Moderately advanced periodontitis

3♂/7♀
Mean age:?

Age range: 28-51

CHX 0.02%

Corsodyl, ICI Macclesfield diluted 1:10 with water

Water

Cavitron, Dentsply

A single episode of scaling and root planing using an ultrasonic scaler combined with good supragingival plaque control 

resulted in a marked resolution of the clinical signs of periodontal disease. CHX was shown to have a slight adjunctive 

effect in reducing the probing pocket depth when used as the coolant in conjunction with ultrasonic instrumentation, 

during the treatment of chronic periodontitis.

Reynolds et al.

(1991) (15)

RCT

Double blind

Parallel

28 days

60(?)

Early to moderate adult 

periodontitis

28♂/32♀
Mean age: ?

Age range: 28-58

CHX 0.12%

Water (sterile)

Cavimedtm200; Dentsply International, Inc., York, PA USA

Subgingival irrigation with CHX during ultrasonic scaling provides differential clinical benefits that are site-dependent.

Chapple et al.

(1993) (16)

RCT

Single blind

Split mouth

6 months

17(14)

Moderate advanced adult 

periodontitis/chronic adult 

periodontitis

8♂/9♀
Mean age: ?

Age range: 25-65

CHX 0.2%

Corsodyl, ICI, AldelyEdge, UK.

Water

Traditional US scaler

Cavitron IIA, Dentsly Corp, York PA USA The use of a chemical irrigant during the relatively short period of professional instrumentation does not produce any 

additional significant reduction in traditional clinical measures of chronic periodontitis.
CHX 0.2%

Corsdyl, ICI, AldelyEdge, UK.

Water

Scaler with insertCavimed 200, Dentsly Corp, York PA USA

Anderson et al.

(1995) (17)

RCT

Parallel

Double blind

2 weeks

30(?)

Generalized incipient periodontitis 

and/or generalized moderate 

periodontitis

14♂/16♀
Mean age:?

Age range: 27-59

ProSol PDX Dentsply 

Sodium bicarbonate, sodium lauryl sulphate,  

polysorbate 80, disodium ethylenediaminetetraacetic acid,  

Water. alcohol, flavours, colorants

Water 

Cavi-Med 200 Periosonic Unit Dentsply

The irrigating solution removed more calculus during scaling, although the tissue response was no difference than that 

achieved with water. According to the operator’s response, the experimental irrigating solution seemed to make calculus 

removal an easier procedure. The experimental solution is safe to use, based on tissue tolerance and compatibility. The 

manufacturer’s claim of ease of calculus removal seems justified and was supported by the present results.

Rosling et al.

(2001) (18)

CCT

Parallel

13 year

223(150)

Advanced destructive periodontitis 

in a maintenance

82♂/68♀◊
Mean age: 44

Age range: ?

Iodofor 0.1% water solution of povidone-iodine

Water, tap

Ultrasonic device Odontoson® Copenhagen, Denmark

Increasing the intensity of antimicrobial control provides a short term clinical benefit which can be maintained, or 

even enhanced, in long term studies such as the one described in the present investigation. The data also suggest that 

the addition of an antibacterial agent such as PVP-iodine may be a cost effective measure to decrease progression of 

periodontal disease during basic therapy and maintenance.

Forabosco et al.

(2005) (20)

RCT

Parallel

120 days

40(?)

Adult periodontitis

25♂/35♀
Mean age: ?

Age range: 35-65

Iodised solution 10%

NaCL2 

Odontoson M® instrument

There are no significant differences between the effectiveness of scaling and root planning with manual instruments and 

with Odontoson M® The 10% iodised solution used as antiseptic with Odontoson M® carries out a greater improvement of 

all clinical parameters studies and it’s for subgingival irrigation is suggested.

Koshy et al.

(2005) (19)

RCT

Parallel

Single blind

6 months

24(?)

Moderate advanced chronic 

periodontitis

13♂/23♀
Mean age: 50◊
Age range: 34-66

Povidone iodine 1% Popiyodon Gargle®, Yoshida,  

Tokyo, Japan

Water, distilled

Piezon® Master 400, EMS, Nyon, Switzerland

Both showed significant improvement in clinical parameters. Full-mouth treatments resulted in similar improvements in 

full-mouth mean plaque percentage, PPD and CAL as conventional therapy. The full-mouth groups demonstrated greater 

reduction in BoP % and number of pockets >5mm.

Leonhardt et al.

(2006) (21)

RCT

Splith mouth

Single blind

6 months

20(20)

Advanced periodontitis

8♂/12♀
Mean age: 54

Age range: 39-68

Povidone-iodine 0.5%

Sterile saline solution

Odontogain®; XO-CARE A/S, Denmark

Ultrasonic debridement is effective in infection control of patients with severe chronic periodontitis. PVP-iodine does not 

add any clinical benefit to the ultrasonic debridement alone under these circumstances.

Zanatta et al.

(2006) (22)

RCT

Single blind

Parallel

3 months

30(27)

Moderate advanced chronic 

periodontitis

27♂/18♀
Mean age: 41.5◊
Age range: 27-72

Povidone-iodine 0.5%

NaCl 0.9%

Ultrasonic instrument

This study provides no evidence that PVP-iodine is effective as an adjunct for one-stage periodontal debridement.

Table 1 Overview of included the studies processed for data extraction.
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Author/publication 
year

Design
Follow up
#participants(end)

Participants characteristics
Treatment group
Ultrasonic device

Original authors conclusion

Taggart et al.

(1990) (14)

RCT

Splith mouth

Parallel

10 weeks

10(9)

Moderately advanced periodontitis

3♂/7♀
Mean age:?

Age range: 28-51

CHX 0.02%

Corsodyl, ICI Macclesfield diluted 1:10 with water

Water

Cavitron, Dentsply

A single episode of scaling and root planing using an ultrasonic scaler combined with good supragingival plaque control 

resulted in a marked resolution of the clinical signs of periodontal disease. CHX was shown to have a slight adjunctive 

effect in reducing the probing pocket depth when used as the coolant in conjunction with ultrasonic instrumentation, 

during the treatment of chronic periodontitis.

Reynolds et al.

(1991) (15)

RCT

Double blind

Parallel

28 days

60(?)

Early to moderate adult 

periodontitis

28♂/32♀
Mean age: ?

Age range: 28-58

CHX 0.12%

Water (sterile)

Cavimedtm200; Dentsply International, Inc., York, PA USA

Subgingival irrigation with CHX during ultrasonic scaling provides differential clinical benefits that are site-dependent.

Chapple et al.

(1993) (16)

RCT

Single blind

Split mouth

6 months

17(14)

Moderate advanced adult 

periodontitis/chronic adult 

periodontitis

8♂/9♀
Mean age: ?

Age range: 25-65

CHX 0.2%

Corsodyl, ICI, AldelyEdge, UK.

Water

Traditional US scaler

Cavitron IIA, Dentsly Corp, York PA USA The use of a chemical irrigant during the relatively short period of professional instrumentation does not produce any 

additional significant reduction in traditional clinical measures of chronic periodontitis.
CHX 0.2%

Corsdyl, ICI, AldelyEdge, UK.

Water

Scaler with insertCavimed 200, Dentsly Corp, York PA USA

Anderson et al.

(1995) (17)

RCT

Parallel

Double blind

2 weeks

30(?)

Generalized incipient periodontitis 

and/or generalized moderate 

periodontitis

14♂/16♀
Mean age:?

Age range: 27-59

ProSol PDX Dentsply 

Sodium bicarbonate, sodium lauryl sulphate,  

polysorbate 80, disodium ethylenediaminetetraacetic acid,  

Water. alcohol, flavours, colorants

Water 

Cavi-Med 200 Periosonic Unit Dentsply

The irrigating solution removed more calculus during scaling, although the tissue response was no difference than that 

achieved with water. According to the operator’s response, the experimental irrigating solution seemed to make calculus 

removal an easier procedure. The experimental solution is safe to use, based on tissue tolerance and compatibility. The 

manufacturer’s claim of ease of calculus removal seems justified and was supported by the present results.

Rosling et al.

(2001) (18)

CCT

Parallel

13 year

223(150)

Advanced destructive periodontitis 

in a maintenance

82♂/68♀◊
Mean age: 44

Age range: ?

Iodofor 0.1% water solution of povidone-iodine

Water, tap

Ultrasonic device Odontoson® Copenhagen, Denmark

Increasing the intensity of antimicrobial control provides a short term clinical benefit which can be maintained, or 

even enhanced, in long term studies such as the one described in the present investigation. The data also suggest that 

the addition of an antibacterial agent such as PVP-iodine may be a cost effective measure to decrease progression of 

periodontal disease during basic therapy and maintenance.

Forabosco et al.

(2005) (20)

RCT

Parallel

120 days

40(?)

Adult periodontitis

25♂/35♀
Mean age: ?

Age range: 35-65

Iodised solution 10%

NaCL2 

Odontoson M® instrument

There are no significant differences between the effectiveness of scaling and root planning with manual instruments and 

with Odontoson M® The 10% iodised solution used as antiseptic with Odontoson M® carries out a greater improvement of 

all clinical parameters studies and it’s for subgingival irrigation is suggested.

Koshy et al.

(2005) (19)

RCT

Parallel

Single blind

6 months

24(?)

Moderate advanced chronic 

periodontitis

13♂/23♀
Mean age: 50◊
Age range: 34-66

Povidone iodine 1% Popiyodon Gargle®, Yoshida,  

Tokyo, Japan

Water, distilled

Piezon® Master 400, EMS, Nyon, Switzerland

Both showed significant improvement in clinical parameters. Full-mouth treatments resulted in similar improvements in 

full-mouth mean plaque percentage, PPD and CAL as conventional therapy. The full-mouth groups demonstrated greater 

reduction in BoP % and number of pockets >5mm.

Leonhardt et al.

(2006) (21)

RCT

Splith mouth

Single blind

6 months

20(20)

Advanced periodontitis

8♂/12♀
Mean age: 54

Age range: 39-68

Povidone-iodine 0.5%

Sterile saline solution

Odontogain®; XO-CARE A/S, Denmark

Ultrasonic debridement is effective in infection control of patients with severe chronic periodontitis. PVP-iodine does not 

add any clinical benefit to the ultrasonic debridement alone under these circumstances.

Zanatta et al.

(2006) (22)

RCT

Single blind

Parallel

3 months

30(27)

Moderate advanced chronic 

periodontitis

27♂/18♀
Mean age: 41.5◊
Age range: 27-72

Povidone-iodine 0.5%

NaCl 0.9%

Ultrasonic instrument

This study provides no evidence that PVP-iodine is effective as an adjunct for one-stage periodontal debridement.
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Guarnelli et al.

(2008) (23)

RCT

Double blind

Parallel

12 weeks

21(19)

Generalized aggressive 

periodontitis

5♂/14♀
Mean age: 37◊
Age range: 28-41

CHX 0.2%, 1:10 saline

GABA International AG, Münchenstein, Switzerland

Placebo

Piezosteril 5®, Castellinisp.a. Castel Maggiore, BO, Italy

The adjunctive professional use of CHX formulations to ultrasonic seems to produce no additional effects over ultrasonic 

mechanical instrumentation one during supportive therapy.

Al-Saeed & Babay 

(2009) (24)

RCT

Splith mouth

Parallel

3 months

16(13)

Chronic periodontitis

8♂/5♀
Mean age: 42.92

Age range:30-55

Povidone-iodine 1%

Povidone-iodine 1% and hydrogen peroxide 3.0%

Saline (0.9% sodium chloride)

Piezon master 400® plus

There were no added benefits of using a mixture of PVP-iodine and hydrogen peroxide or PVP-iodine as disinfectants 

during ultrasonic scaling and root planing in the treatment of chronic periodontitis.

Feng et al.

(2011) (25)

RCT

Doubleblind

Parallel

6 months

64(59)

Chronic periodontitis

22♂/42♀
Mean age: 50.3

Age range: ?

EO: Listerine Cool

Mint, Johnson & Johnson, Guarulhos, 

São Paulo, Brazil

Sorbitol solution 15%, ethanol 21%,  

sodium saccharin 0.05%, mint flavouring, green dye

Ultrasonic subgingival instrumentation Profi III Ceramic,  

Dabi Atlante, Ribeirão Preto, São Paulo, Brazil

The adjunctive use of EO may promote significant CAL gain and PPD reduction in deep residual pockets.

Cosyn et al.

(2012) (26)

RCT

Single blind

Parallel

3months

35(29)

Chronic periodontitis

19♂/16♀
Mean age: 47◊
Age range: 30-70

EO: Listerine® Cool mint Antiseptic Mouthwash;  

Johnson & Johnson, New Brunswick, NJ, USA

Water

EMS® Piezon Master 600; EMS, Nyon, Switzerland

Essential oil solutions do not offer a clinical benefit over water when used as a coolant during ultrasonic root debridement 

for the treatment of chronic periodontitis.

do Vale et al.

(2016) (27)

RCT

Single blind

Parallel

6 months

34(28)

Generalized aggressive 

periodontitis

7♂/21♀◊
Mean age: 28,59◊
Age range: ?

Povidone-iodine 10%

Riodeine – Indústria Farmacêutica Rioquímica Ltda,  

São José do Rio Preto, SP, Brazil

Saline 0.9%

Cavitron Select – Dentsply International Inc.,  

Long Island City, NY, USA) with  

25 K FSI®-SLI®-10S-Dentsply International Inc.

The two groups presented reduction on bleeding scores and had statistically significant PPD reductions, CAL gains and GR. 

No inter-groups differences in clinical parameters were observed.

RCT: Randomized Controlled Trial, CCT: Control Clinical Trial, CHX: Chlorhexidine, EO: Essential Oils, PPD: Probing 

Pocket Depth, CAL: Clinical Attachment Level, GR: Gingival Recession, BoP: Bleeding on Probing, PVP: Povidone-

iodine, NaCL: Sodium chloride, ♂: Male, ♀: Female, ?: Unknown/not-provided

◊ = calculated by the authors of this review based on the presented data in the selected paper

Table 1 (Continued)

vance scale for the interpretation of mean changes in CAL (13). The authors defined that 
statistically significant changes in CAL of 0–0.2 mm can be judged as ‘zero’ effect from a 
clinical perspective. Changes >0.2–0.4 mm are considered a ‘small’ effect, >0.4–0.6 mm as 
‘moderate’, and >0.6 mm as a ‘substantial’ effect. The significant incremental DiffM for gain 
in CAL with PVP was 0.23 mm (P = 0.03) and is interpreted by the authors of the present 
review as a ‘very small’ effect.

Coolant
The purpose of the water coolant is to reduce frictional heat at the contact point between 
the tip of the ultrasonic instrument and the tooth surface. Despite the small area of contact 
and the large acoustic mismatch between the steel scaling tip and dental tissue, some ul-
trasound energy is still transmitted into the tooth. The absorption of this acoustic energy 
alone can elevate the temperature of the tooth (33). If heat reaches the pulp during dental 
procedures, it can lead to vascular injury and tissue necrosis. Therefore, to avoid damage 
to pulpal tissues from ultrasonic scaling, a coolant is added (34). It has been shown that 
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the water supply setting of a device does not necessarily reflect the amount of water that 
is actually supplied (33). The amount of water is also dependent on the type of tip that is 
being used. In addition, to avoid a temperature increase in the root canal system, magnet-
ostrictive generator-driven ultrasonic systems need approximately twice the amount of 
water as piezoelectric generator-driven ultrasonic systems (34). Seven of the studies in-
cluded in this review used a magnetostrictive unit; six used a piezoelectric device; and for 
one, the device was not identified. None of the included studies mentioned coolant settings. 
A sub-analysis showed that the type of device used had no impact on the outcome of this 
review.

Coolant penetration
When used in a normal manner, the ultrasonic tip is inserted to the base of the periodontal 
defect to disrupt the micro flora, debride the root surface, and provide subgingival lavage. 
Nosal et al. (1991) (35) showed that the liquid coolant component of an ultrasonic unit is 
related to the extent of the tip’s penetration into the periodontal pocket, thereby providing 

Guarnelli et al.

(2008) (23)

RCT

Double blind

Parallel

12 weeks

21(19)

Generalized aggressive 

periodontitis

5♂/14♀
Mean age: 37◊
Age range: 28-41

CHX 0.2%, 1:10 saline

GABA International AG, Münchenstein, Switzerland

Placebo

Piezosteril 5®, Castellinisp.a. Castel Maggiore, BO, Italy

The adjunctive professional use of CHX formulations to ultrasonic seems to produce no additional effects over ultrasonic 

mechanical instrumentation one during supportive therapy.

Al-Saeed & Babay 

(2009) (24)

RCT

Splith mouth

Parallel

3 months

16(13)

Chronic periodontitis

8♂/5♀
Mean age: 42.92

Age range:30-55

Povidone-iodine 1%

Povidone-iodine 1% and hydrogen peroxide 3.0%

Saline (0.9% sodium chloride)

Piezon master 400® plus

There were no added benefits of using a mixture of PVP-iodine and hydrogen peroxide or PVP-iodine as disinfectants 

during ultrasonic scaling and root planing in the treatment of chronic periodontitis.

Feng et al.

(2011) (25)

RCT

Doubleblind

Parallel

6 months

64(59)

Chronic periodontitis

22♂/42♀
Mean age: 50.3

Age range: ?

EO: Listerine Cool

Mint, Johnson & Johnson, Guarulhos, 

São Paulo, Brazil

Sorbitol solution 15%, ethanol 21%,  

sodium saccharin 0.05%, mint flavouring, green dye

Ultrasonic subgingival instrumentation Profi III Ceramic,  

Dabi Atlante, Ribeirão Preto, São Paulo, Brazil

The adjunctive use of EO may promote significant CAL gain and PPD reduction in deep residual pockets.

Cosyn et al.

(2012) (26)

RCT

Single blind

Parallel

3months

35(29)

Chronic periodontitis

19♂/16♀
Mean age: 47◊
Age range: 30-70

EO: Listerine® Cool mint Antiseptic Mouthwash;  

Johnson & Johnson, New Brunswick, NJ, USA

Water

EMS® Piezon Master 600; EMS, Nyon, Switzerland

Essential oil solutions do not offer a clinical benefit over water when used as a coolant during ultrasonic root debridement 

for the treatment of chronic periodontitis.

do Vale et al.

(2016) (27)

RCT

Single blind

Parallel

6 months

34(28)

Generalized aggressive 

periodontitis

7♂/21♀◊
Mean age: 28,59◊
Age range: ?

Povidone-iodine 10%

Riodeine – Indústria Farmacêutica Rioquímica Ltda,  

São José do Rio Preto, SP, Brazil

Saline 0.9%

Cavitron Select – Dentsply International Inc.,  

Long Island City, NY, USA) with  

25 K FSI®-SLI®-10S-Dentsply International Inc.

The two groups presented reduction on bleeding scores and had statistically significant PPD reductions, CAL gains and GR. 

No inter-groups differences in clinical parameters were observed.
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Table 2 A descriptive summary of statistical significance levels of the adjunctive use of chemotherapeutics in the 

cooling solutions of ultrasonic devices during non-surgical periodontal therapy on the parameters of interest.

Author, year Intervention PPD CAL BS GI PI GR Control

Taggart et al.

(1990) (14)
CHX o o o - o o W

Reynolds et al.

(1991) (15)
CHX o - - o o - W

Chapple et al.

(1993) (16)

CM-CHX - ? o - o - W

US-CHX - ? o - o - W

Guarnelli et al.

(2008) (23)
CHX o - - o o - Placebo

Feng et al.

(2011) (25)
EO o o o - o o SS

Cosyn et al.

(2012) (26)
EO o o o - o - W

Koshy et al.

(2005) (19)
PVP o o o - o - W

Leonhardt et al.

(2006) (21)
PVP o ? ? - ? - S

Zanatta, et al.

(2006) (22)
PVP o o o - o o NaCL2

Al-Saeed & 

Babay

(2008) (24)

PVP o o o - o o
S

PVP-HP o o o - o o

do Vale et al.

(2015) (27)
PVP o o o - o - S

Anderson et al.

(1995) (17)
PS o o o o o - W

Rosling et al.

(2001) (18)
IO o o o - o - W

Forabosco et al.

(2005) (20)
IS o ? ? - - - NaCL2

CHX: Chlorhexidine, CM: Scaler with insert, US: Traditional Scaler, EO: Essential Oils, PVP: Povidone-iodine, HP: 

Hydrogen peroxide, W: Water, S: Saline, S: ProSol, SS: Sorbitol , Solution, IO: Iodofor, IS: Iodised solution, NaCL: 

Sodium chloride, o: No significant difference, -: No data available, ?: Unknown/not-provided

coolant all the way down to the tip of the instrument. A limited dispersion of the liquid 
beyond the path of the ultrasonic tip was observed. This would indicate that the effect of 
chemotherapeutic agents with this delivery system is dependent upon the thoroughness of 
the instrumentation. Areas that are inaccessible to the ultrasonic tip will also be inacces-
sible to a chemotherapeutic agent delivered by this system (35). None of the studies descri-
bed in detail how the instrumentation was performed.
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Study design
The included studies used different treatment protocols (see Table 1 and Appendix S1), 
both parallel and split-mouth. The split-mouth model is a popular design in oral health re-
search and was used in four (14,16,21,24) out of the 14 selected studies. The attractiveness 
of this specific design is that it removes much of the inter-individual variability from esti-
mates of the treatment effect, allowing for smaller sample sizes that, in turn, offer efficien-
cy (36). A potential problem is that a biased estimate of treatment efficacy due to carry-over 
effects will negatively impact any differences between the treatments (36). Theoretically, 
this could play a role when chemotherapeutics are added as cooling solution to ultrasonic 
devices. The treatment of one quadrant may contaminate the other quadrants. Of the in-
cluded studies, Leonhardt et al. (2006) (21) specifically describes that the quadrant with the 
additional use of chemotherapeutics was treated in another appointment as the quadrant 
without. The other three studies (14,16,24) appreciate and discuss the limitations of the 
split-mouth model. A high volume evacuator and saliva ejector were used to remove the ex-
cess solution and thereby avoid contamination (24). Chapple et al. (1993) (16) and Taggart et 
al. (1990) (14) argue that the ‘leaking’ effect of chemotherapeutics from one site to another, 
although theoretically possible, is unlikely based on the observation that mouth rinsing 
fails to achieve any significant penetration into a periodontal pocket (37). Chemicals such 
as CHX will not penetrate subgingivally unless directly introduced (38) and the effect of 
such contamination upon attachment gain would thus be negligible.

Bacteraemia
It has been described in the literature that bacteria can transiently enter the bloodstream 
as a result of ultrasonic instrumentation, thereby causing bacteraemia. There is eviden-
ce that dental procedures such as scaling may be responsible for this (39). The incidence 
of viable bacteria in the blood stream postoperatively was found to be higher following 
the use of ultrasonics compared to manual instrumentation (40). Using culture methods, 
the incidence of bacteraemia following ultrasonic scaling was estimated to be 13%, where-
as with PCR analysis, this was 23% (41). The difference in bacteraemia incidence after sca-
ling with sterile water compared to scaling with tap water was not found to be significant 
(42,43) using surrogate parameters for bacteraemia, found increased circulating levels 
of lipopolysaccharides 5 min. after instrumentation, which were not affected using 0.02% 
CHX as an irrigant as opposed to water. Bacteraemia after subgingival instrumentation 
with concomitant PVP– iodine was reduced but not eliminated according to Sahrmann et 
al. (2015) (44). PVP–iodine might therefore be recommended for patients at high risk of 
endocarditis. However, preventive antibiotic treatment should not be omitted.

PVP–iodine allergy
Povidone–iodine (PVP–I) has replaced other iodine compounds such as iodoform and io-
dine tincture, which are considered to be strong irritants and/or contact allergens (45). 
Iodine by itself is a trace element present throughout the body and is essential for the pro-
duction of thyroid hormones. It is not possible to have a true allergy to elemental iodine. 
The term ‘iodine allergy’ is used frequently and usually refers to a history of an allergic 
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Measurement 
moment

Included 
studies
# comparisons

Model MD
Test overall Test for heterogeneity

95% CI P-value I2 value (%) P-value

PP
D

B
as

el
in

e

Overall
# 8

# 9
Random 0.00 (-0.15;0.15) 0.97 0% 0.89

PVP
# 3

# 4
Random 0.10 (-0.13;0.33) 0.39 0% 0.78

EO
# 3

# 3
Fixed -0.09 (-0.34;0.16) 0.48 0% 0.70

CHX
# 2

# 2
Fixed -0.04 (-0.47;0.39) 0.85 1% 0.31

En
d

Overall
# 8

# 9
Random -0.12 (-0.42;0.18) 0.44 73% 0.0002 *

PVP
# 3

# 4
Random 0.20 (-0.02;0.42) 0.07 0% 0.69

EO
# 2

# 2
Fixed -0.11 (-0.33;0.11) 32 55% 0.13

CHX
# 2

# 2
Fixed 0.04 (-0.41;0.49) 0.86 0% 0.70

D
iff

er
en

ce

Overall
# 7

# 8
Random -0.07 (-0.30;0.15) 0.52 44% 0.08

PVP
# 4

# 5
Random -0.20 (-0.42;0.01) 0.06 0% 0.54

EO
# 2

# 2
Fixed 0.12 (-0.11;0.34) 0.30 79% 0.03

CA
L

B
as

el
in

e

Overall
# 6

# 7
Random -0.11 (-0.34;0.12) 0.36 0% 0.73

PVP
# 3

# 4
Random -0.09 (-0.46;0.28) 0.62 0% 0.59

EO
# 2

# 2
Fixed -0.16 (-0.49;0.17) 0.34 27% 0.24

En
d

Overall
# 6

# 7
Random -0.13 (-0.39;0.14) 0.35 4% 0.40

PVP
# 3

# 4
Random 0.13 (-0.25;0.52) 0.50 0% 0.98

EO
# 2

# 2
Fixed -0.22 (-0.63;0.20) 0.31 38% 0.20

D
iff

er
en

ce

Overall
# 8

# 10
Random -0.11 (-0.26;0.04) 0.14 0% 0.86

PVP
# 4

# 5
Random -0.23 (-0.43;-0.02) 0.03 0% 0.72

CHX
# 2

# 3
Fixed -0.01 (-0.45;0.42) 0.95 0% 0.94

EO
# 2

#2
Fixed 0.02 (-0.23;0.27) 0.87 0% 0.81

Table 3 Meta-analysis for the baseline, end and incremental data evaluating the adjunctive efficacy of 

chemotherapeutics in the cooling solution of ultrasonic devices during non-surgical periodontal therapy on the 

clinical parameters of gingival inflammation.
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reaction to iodinated radiological contrast media (46). Any reactions to substances contai-
ning iodine are probably caused by other parts of the molecule. PVP is a complex of poly-
vinylpyrrolidone (povi-done, PVP) with iodine. PVP may cause allergic contact or irritant 
dermatitis. Although this is a rare phenomenon, there are several case reports of generali-
zed urticarial and even anaphylactic shock (47). To the best of our knowledge, there are no 
case reports that have described adverse events due to the use of PVP in combination with 
ultrasonic non-surgical periodontal therapy.

B
oP

B
as

el
in

e

EO
# 3

# 3
Fixed -0.30 (-8.24;7.64) 0.92 17% 0.30

En
d EO

# 3

# 3
Fixed -3.79 (-9.01;1.44) 0.16 0% 0.70

D
iff

er
en

ce

EO
# 2

# 2
Fixed -3.79 (-10.69;3.11) 0.28 0% 0.62

Table 3 (Continued)

Table 4 Summary of Findings table on body of the estimated evidence profile (12) and appraisal of the strength 

of the recommendation regarding the adjunctive use of chemotherapeutics in the cooling solutions of ultrasonic 

devices during non-surgical periodontal therapy on the parameters of interest.

* = Statistical significant difference

Determinants of the Quality PVP CHX EO

Study design CCT/ RCT RCT RCT

# experiments n=14

# comparisons n=16

8

9

4

5

2

2

Risk of bias Low to high Low to high Moderate to high

Consistency Consistent Consistent Consistent

Directness Generalizable Generalizable Generalizable

Precision Rather precise Rather precise Rather precise

Reporting bias Possible Possible Possible

Magnitude of the effect (13) Very small Zero Zero

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

High Moderate Moderate

Direction of recommendation Very weak Absent Absent

RCT: Randomized Controlled Trial, CCT: Control Clinical Trial, CHX: Chlorhexidine, EO: Essential Oils, 

PVP: Povidone-iodine
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Limitations
In some of the meta-analyses performed, there was obvious heterogeneity in the clinical 
outcome of the selected studies. In case the testing for heterogeneity was significant, the 
reader should exercise caution in using DiffM as the exact measure of the effect.

Conclusion

The collective evidence emerging from this systematic review regarding the addition of 
chemical ingredients to ultrasonic cooling solution following non-surgical periodontal de-
bridement indicates that overall, this does not provide an additional effect. There is a ‘very 
weak’ recommendation based on the sub-analysis showing that, for PVP, a very small level 
of CAL gain may be expected. For the use of CHX or EO, the added effect can be considered 
‘zero.’ Therefore, the strength and direction of the recommendation emerging from this 
review is against their use.
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Blinded to practioner NR + NR NR NR NR NR NR NR NR + NR NR NR

Blinded to patient * NR NR + + NR + + NR NR NR + NR NR NR

Blinded to examiner * + + + + + - + - + + + NR + +

Blinding during statistical analysis NR - - - NR NR NR NR NR NR NR NR NR NR

Balanced experimental groups * + + + + + + + - + + + + + NR

Reported loss to follow up * + + NR + + + + + + + NR + NR +

# (%) of drop-outs 3(18%◊) 6(17%◊) NR 2(10%◊) 6(18%◊) 3(19%◊) 5(8%◊) 73(33%◊) 5(11%◊) 0(0%◊) NR 1(10%◊) NR 0(0%◊)
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the primary outcome 
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Appendix S1 Methodological quality and potential risk of bias scores of the individual studies that were included for 

this review.

+: Yes, -: No, *: Reporting criteria for estimation the potential risk of bias, NR: Not reported, ?: Not specified/

unclear, ◆: Provided by the original author, ◊: Calculated by the authors of this review based on the presented data 

in the selected paper, L: Low, M: Moderate, H: High
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Appendix S3 Details with respect to heterogeneity of the studies that were included.

Study design and evaluation period
In total 13 of the included studies were RCTs and one was a CCT. The evaluation periods 
varied from two weeks till 13 years (24). The procedures for allocation concealment and 
masking (blinding) of the examiner were described in the most studies, for details see ap-
pendix S1.

Subject characteristics and smoking habits
All studies included participants in good general health. Regarding periodontal health, 
the following definitions, criteria and diagnoses were used for inclusion: 
• Adult periodontitis (9)
• Advanced periodontitis (13)
•  Advanced destructive periodontitis in a maintenance (24)
• Chronic periodontitis (2,5,8)
• Early to moderate adult periodontitis (21)
• Generalized aggressive periodontitis (7,9)
•  Generalized incipient periodontitis and/or generalized moderate periodontitis (3) 
• Moderately advanced periodontitis (27)
• Moderate advanced chronic periodontitis (11,32)
• Moderate advantage adult periodontitis/chronic adult periodontitis (4)

Study groups
PVP was used as chemotherapeutic cooling solution for ultrasonic devices in nine experi-
ments. The following details were provided:
• Iodised solution 10% (9)
• Iodofor 0.1% water solution of povidone iodine (24)
• ProSol (3)
• Povidone iodine 0.5% (13,32)
• Povidone iodine 1% (2,11)
• Povidone iodine 10% (7)

Excluded

No appropriate comparison

Wennström et al. (2005) (31)

Tomasi et al. (2006) (28)

Rosling et al. (1986) (23)

Irrigant not used as coolant
Rosling et al.(1983) (22)

Hoang et al.(2003) (10)

Only assessed in sites with furcation involvement
Del Peloso Ribeiro et al. (2006) (6)

Yilmaz & Bayindir (2012) (30)

No effect on clinical parameters outcome Lee et al. (2008) (12)

Appendix S2 Papers excluded after full text reading with details for rejection.



173Chapter 8 - Appendices

CHX was used as chemotherapeutic ingredient cooling solution for ultrasonic devices in 
five experiments. The following details were provided:
• CHX 0.02% (27)
• CHX 0.2% (4,9)
• CHX 0.12 (21)

EO was used as chemotherapeutic ingredient cooling solution for ultrasonic devices in 
three experiments. The following details were provided:
• Listerine® (5)
• Listerine® cool (8)

Bleeding modifications
Criteria as described in the following papers were used:
•  Bleeding on Probing (5,8,9,11,13,22)
• Loë (1967) (3)
• Mühlemann & Son (1971) (5,7,32)
• Ainamo & Bay (1975) (4)
• Sidi & Ashley (1984) (27)
• Polson & Caton (1985) (2)

Gingival index
The following clinical indices for plaque and their modifications were used:
• Loë & Silness (1963) (9,21)
• Loë (1967) (3)

Plaque scores
Their modifications were used: 
• Quigley & Hein (1962) (5)
• Silness & Loë (1964) (2,21,27)
• Loë (1967) (3)
• Turesky et al. (1970) (9)
• Ainamo & Bay (1975) (4,7,32)
• O’Leary et al. (1972) (8)
• Unknown (11,22)

Various
In Guarnelli et al. (2008) (9) patients were instructed to take analgesic pills (sodium dipy-
rone 500mg) after the treatment. The participants in Koshy et al. (2005) (11) were advised 
to rinse with 15 ml of 0.05% CHX mouthwash twice a day for 1 month and to practice tongue 
brushing in order to delay recolonization from other intra-oral niches during the initial 
healing period. Taggart et al. (1990) (27) used the upper jaw quadrants for the test and con-
trol procedures. Central incisors were not included. The lower jaw is not assessed in this 
study.
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Appendix 4A

# PPD Group Baseline End Difference
Significant 
within groups

Taggart et al. 

(1990) (27)

CHX 3.5 (0.6) 2.6 (0.3) 0.9 ◊ Yes

W 3.4 (0.5) 2.6 (0.7) 0.8 ◊ Yes

Reynolds et al. 

(1991) (21)

CHX ▲ ▲ ? Yes

W ▲ ▲ ? Yes

Anderson et al. 

(1995) (3)

PS ▲ ▲ ? ?

W ▲ ▲ ? ?

Rosling et al. 

(2001) (24)

IO 3.9 (0.9) ▲ ? Yes

W 3.7 (0.9) ▲ ? Yes

Forabosco et al. 

(2005) (9)

IS 5.88 (0.81) ◆ 3.43 (0.83) ◆ 2.45 ◊ ?

NaCl2 5.92 (0.88) ◆ 4.70 (0.88) ◆ 1.22 ◊ ?

Koshy et al. 

(2005) (11)

PVP 4.09 (0.89) 2.36 ◊ 1.73 (0.6) Yes

W 4.01 (0.62) 2.27 ◊ 1.74 (0.5) Yes

Leonhardt et al. 

(2006) (13)

PVP 0 47.4 -47.4 ◊ ?

S 0 57.9 -57.9 ◊ ?

Zanatta et al. 

(2006) (32)

PVP 5.71 (0.62) 3.18 (0.51) 2.53 (0.50) Yes

NaCl 5.52 (0.58) 2.95 (0.33) 2.58 (0.60) Yes

Al-Saeed & Babay

(2009) (2)

PVP-HP 2.86 (1.3) 2.00 (0.88) 0.866 (1.16) ◆ Yes

PVP 2.77 (1.24) 2.03 (0.98) ◆ 0.742 (1.18) ◆ Yes

S 3.07 (1.43) 2.10 (0.93) 0.968 (1.06) ◆ Yes

Guarnelli et al. 

(2008) (9)

CHX 5.69 (0.82) ◆ 4.53 (0.94) ◆ 1.17 (0.28) ◆ Yes

Placebo 6.08 (0.97) ◆ 4.30 (1.43) ◆ 1.78 (2.09) ◆ Yes

Feng et al. 

(2011) (8)

EO 5.90 (0.62) 4.35 (0.86) 1.55 (0.60) Yes 

SS 5.95 (0.64) 4.77 (0.94) 1.18 (0.65) Yes 

Cosyn et al. 

(2012) (5)

EO 3.69 (0.48) 2.80 (0.34) 0.90 (0.34) ◆ Yes

W 3.84 (0.59) 2.82 (0.35) 1.02 (0.50) ◆ Yes

do Vale et al. 

(2015) (7)

PVP 6.12 (0.33) 4.51 (0.49) 1.61 (0.39) ◆ No

S 6.24 (0.43) 4.19 (0.65) 2.05 (0.53) ◆ No

CHX: Chlorhexidine, EO: Essential Oils, PVP: Povidone-iodine, HP: Hydrogen peroxide, W: Water, S: Saline, 

PS: ProSol, SS:Sorbitol Solution, IO: Iodofor, IS: Iodised solution, NaCL: Sodium chloride, ▲: Insufficient data 

presentation, ◊	= Calculated by the authors of this review based on the presented data in the selected paper, 

◆	= Provided by the original author, ? = Unknown/not

Appendix S4 Mean (SD) scores for the different intervention groups with various indices and their modifications. 

Within-group analyses are presented. 

S4A: Probing Pocket Depth(PPD), S4B: Clinical Attachment Level(CAL), S4C: Bleeding upon Probing(BOP), S4D: 

Gingival Index(GI), S4E: Plaque Index scores(PI), S4F: Gingival Recession(GR).
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Appendix 4B

#CAL Group Baseline End Difference
Significant 
within groups

Taggart et al. 

(1990) (27)

CHX n330 ? ? 0.50 (1.1) ◆ ?

W n330 ? ? 0.4 (0.8) ◆ ?

Chapple et al. 

(1993) (4)

CM-CHX 4.2 (2.25) ◊ 4.9 ◊ 0.7 (0.75) ◊ Yes

CM-W 4.0 (2.62) ◊ 4.8 ◊ 0.8 (1.12) ◊ Yes

US-CHX 4.1 (2.62) ◊ 5.0 ◊ 0.9 (0.75) ◊ Yes

US-W 4.2 (3.74) ◊ 5.1 ◊ 0.9 (1.12) ◊ Yes

Anderson et al. 

(1995) (3)

PS ? ▲ ▲ ?

W ? ▲ ▲ ?

Rosling et al. 

(2001) (24)

IO ▲ ▲ ? No

W ▲ ▲ ? No

Forabosco et al. 

(2005) (9)

IS 5.95 (1.01) ◆ 4.46 (1.04) ◆ 1.49 ◊ ?

NaCl2 5.98 (1.04) ◆ 5.13 (1.11) ◆ 0.85 ◊ ?

Koshy et al. 

(2005) (11)

PVP ? ? 1.07 (0.4) ?

W ? ? 1.2 (0.3) ?

Leonhardt et al. 

(2006) (13)

PVP ? 0.7 (1.2) ? ?

S ? 0.6 (0.9) ? ?

Zanatta et al. 

(2006) (32)

PVP 6.12 (0.65) 4.18 (0.91) 1.94 (0.70) Yes

NaCl 5.94 (0.75) 3.95 (0.74) 1.99 (0.92) Yes

Al-Saeed &Babay

(2009) (2)

PVP-HP 6.74 (1.56) 6.19(1.40) ◆ 0.547 (1.34) ◆ Yes

PVP 6.70 (1.57) 6.22 (1.46) ◆ 0.477 (1.26) ◆ Yes

S 7.04 (1.61) 6.17 (1.39) ◆ 0.825 (1.20) ◆ Yes

Feng et al. 

(2011) (8)

EO 6.39 (0.79) 5.31 (0.98) 1.08 (0.65) Yes 

SS 6.73 (0.95) 5.79 (1.27) 0.94 (0.63) Yes 

Cosyn et al. 

(2012) (5)

EO 4.40 (0.71) 3.92 (0.88) 0.49 (0.32) ◆ Yes

W 4.34 (0.65) 3.86 (0.75) 0.48 (0.47) ◆ Yes

do Vale et al. 

(2015) (7)

PVP 8.36 (0.79) 7.63 (0.95) 0.73 (0.42) ◆ Yes

S 8.71 (0.91) 7.53 (0.79) 1.18 (0.62) ◆ Yes

Abbreviations see table 4A
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Appendix 4C 

# BS Index % Group Baseline End Difference
Significant 
within groups

Zanatta et al. 

(2006) (22)

Mühlemann & 

Son (1971) (16)

BoP

PVP ▲ ▲ ? Yes

NaCl ▲ ▲ ? Yes

Anderson et al. 

(1995) (3)

Löe

(1967) (15)

BoP

PS 18 ◊ 8.5 ◊ 9.5 ◊ ?

W 13.34 ◊ 6.67 ◊ 6.6 ◊ ?

Feng et al. 

(2011) (8)
BoP

EO 73.68 (23.57) 31.78 (25.32) 41.90 (26.12) Yes 

SS 80.00 (34.29) 30.76 (28.54) 49.24 (28.19) Yes

Koshy et al. 

(2005) (11)
BoP

PVP 74.68 (15.4) 18.28 ◊ 56.4 (13.5) Yes

W 76.58 (14.1) 14.68 ◊ 61.9 (13.1) Yes

Rosling et al. 

(2001) (23)
BoP

IO 69 (31) ▲ ? Yes

W 66 (34) ▲ ? Yes

Forabosco et al. 

(2005) (9)
BoP

IS 80 ◆ 19 ◆ 61 ◊ ?

NaCl2 83 ◆ 35 ◆ 48 ◊ ?

Cosyn et al. 

(2012) (5)
BoP

EO 56 (21) 23 (8) 33 (16) ◆ Yes

W 60(19) 28 (10) 32 (20) ◆ Yes

Leonhardt et al.

(2006) (13)
BoP

PVP 88.2 (12.8) 30.6 (26.5) 57.6 ◊ ?

S 80.3 (27.1) 31.9 (28.2) 48.4 ◊ ?

Taggart et al. 

(1990) (27)

Sidi & Ashley 

(1984) (25)

BoP

CHX 50.7 (16.6) 11.2 (8.3) 39.5 ◊ ?

W 51.6 (16.4) 18.4 (17.0) 33.2 ◊ ?

do Vale et al. 

(2015) (7)

Mühlemann & 

Son (1971) (16)

PVP 43.98 (18.97) 18.16 (4.92) ◆ 25.81 (20.68) ◆ Yes

S 40.93 (23.06) 17.94 (4.83) ◆ 22.98 (24.04) ◆ Yes

Al-Saeed 

&Babay

(2009) (2)

Polson & Caton

(1985) (19)

PVP-HP 68.5 29.5 39 ◊ Yes

PVP 65.8 31.5 34.3 ◊ Yes

S 72.6 32.6 40 ◊ Yes

Chapple et al. 

(1993) (4)

Ainamo & Bay

(1975) (1)

CM-CHX 58 (101.01) ◊ 28.0 (27.69) ◊ 30 ◊ Yes

CM-W 56 (74.83) ◊ 37.1 (29.56) ◊ 18.9 ◊ Yes

US-CHX 58 (93.54) ◊ 25.6 (22.45) ◊ 32.4 ◊ Yes

US-W 52 (93.54) ◊ 20.3 (20.58) ◊ 31.7 ◊ Yes

Abbreviations see table 4A
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Appendix 4D

# GI Index Group Baseline End Difference
Significant 
within groups

Reynolds et al. 

(1991) (21)

Löe & Silness

(1963) (14)

CHX ▲ ▲ ? Yes

W ▲ ▲ ? Yes

Guarnelli et al. 

(2008) (9)

Löe & Silness

(1963) (14)

CHX 0.87 (0.34) ◆ 0.26 (0.24) ◆ 0.61 (0.32) ◆ Yes

Placebo 1.28 (0.46) ◆ 0.49 (0.49) ◆ 0.79 (0.27) ◆ Yes

Anderson et al. 

(1995) (3)

Löe

(1967) (5)

PS ? ? ? ?

W ? ? ? ?

Cosyn et al. 

(2012) (5)

Muhlemann & 

Son (1971)

SBI (16)

EO 0.77 (0.43) 0.16 (0.12) 0.63 (0.41) ◆ Yes

W 0.76 (0.43) 0.21 (0.18) 0.54 (0.38) ◆ Yes

Abbreviations see table 4A

Appendix 4F

# GR Group Baseline End Difference
Significant 
within groups

Taggart et al. 

(1990) (27)

CHX

n330
? 0.4(0.8) ◆ ? ?

W

n330
? 0.4 (0.8) ◆ ? ?

Zanatta et al. 

(2006) (32)

PVP 0.41 (0.47) 1.00 (0.69) 0.59 (0.37) Yes

NaCl 0.40 (0.37) 0.95 (0.66) 0.55 (0.45) Yes

Al-Saeed & Babay

(2009) (2)

PVP-HP 0.38 (0.82) 0.70 (1.06) ◆ -0.321 (0.84) ◆ Yes

PVP 0.43 (0.91) 0.69 (1.14) ◆ -0.261 (0.72) ◆ Yes

S 0.47 (0.95) 0.62 (1.09) ◆ -0.143 (0.78) ◆ Yes

Feng et al. 

(2011) (8)

EO 0.49 (0.72) 0.96 (0.81) -0.47 (0.72) Yes

SS 0.78 (0.80) 1.02 (0.77) -0.24 (0.69) Yes

Abbreviations see table 4A
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Appendix 4E 

# PI Index % Group Baseline End Difference
Significant
within groups

Reynolds et al. 

(1991) (21)

Silness & Löe

(1964) (14)

CHX ▲ ▲ ? Yes

W ▲ ▲ ? Yes

Al-Saeed & 

Babay

(2009) (2)

Silness & Löe

(1964) (14)

PVP-HP 1.22 (0.78) 0.61 (0.67) 0.61 ◊ Yes

PVP 1.00 (0.75) 0.58 (0.62) 0.42 ◊ Yes

S 1.18 (0.82) 0.63 (0.64) 0.55 ◊ Yes

Taggart et al. 

(1990) (27)

Silness & Löe

(1964) (14)

CHX 12.0 (9.4) 11.7 (14.0) 0.3 ◊ No

W 12.2 (8.6) 11.3 (11.0) 0.9 ◊ No

Anderson et al. 

(1995) (3)

Löe

(1967) (15)

PS ? ? ? ?

W ? ? ? ?

Cosyn et al. 

(2012) (5)

Quigley & Hein 

(1962) (20)

EO 2.04 (0.55) 1.26 (0.32) 0.76 (0.41) ◆ Yes

W 2.08 (0.72) 1.23 (0.43) 0.84 (0.44) ◆ Yes

Guarnelli et al. 

(2008) (9)

Turesky et al. 

(1970) (29)

CHX 1.87 (0.33) ◆ 1.08 (0.54) ◆ 0.79 (0.44) ◆ Yes

Placebo 2.24 (0.47) ◆ 1.48 (0.76) ◆ 0.77 (0.53) ◆ Yes

Zanatta et al. 

(2006) (22)

Ainamo & Bay

(1975) (1)

PVP ▲ ▲ ? Yes

NaCl ▲ ▲ ? Yes

do Vale et al. 

(2015) (7)

Ainamo & Bay

(1975) (1)

PVP 28.06 (8.89) 17.81 (4.93) ◆ 10.25 (9.44) ◆ Yes

S 29.12 (11.19) 20.36 (7.11) ◆ 8.76 (11.27) ◆ Yes

Chapple et al. 

(1993) (4)

Ainamo & Bay

(1975) (1)

CM-CHX 71 (63.61) ◊ 32.5 (11.97) ◊ 38.5 ◊ Yes

CM-W 80 (44.90) ◊ 17.2 (12.72) ◊ 62.8 ◊ Yes

US-CHX 70 (86.06) ◊ 26.6 (16.64) ◊ 43.4 ◊ Yes

US-W 79 (48.64) ◊ 23.0 (17.59) ◊ 56 ◊ Yes

Feng et al. 

(2011) (8)

O’Leary et al.

(1972) (18)

EO 28.95 (28.47) 20.32 (18.42) 8.63 (7.57) No

SS 29.34 (26.18) 26.12 (25.67) 3.22 (5.29) No

Koshy et al. 

(2005) (11)
?

PVP 23.28 (14.6) 8.62 ◊ 14.66 (12.8) Yes

W 21.18 (16.2) 7.64 ◊ 13.54 (13.2) Yes

Rosling et al. 

(2001) (22)
?

IO 30 (33) ▲ ? Yes

W 30 (29) ▲ ? Yes

Leonhardt et al. 

(2006) (13)
?

PVP 78.6 (13.8) 9.2 (23.9) 69.4 ◊ Yes

S 78.6 (15.3) 2.6 (7.9) 78 ◊ Yes

Abbreviations see table 4A
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Appendix S5
Forrest Plots of the meta-analysis for the primary parameters of interest. Presented for the 
baseline, end and incremental scores. Using a fixed and/or random model where appropri-
ate. S5A: Probing Pocket Depth(PPD), S5B: Clinical Attachment Level(CAL), S5C: Bleeding 
upon Probing(BOP).
A chi-square test resulting in a p < 0.1 was considered an indication of significant statisti-
cal heterogeneity. As an approximate guide for assessing the magnitude of inconsistency 
across studies, an I2 statistic of 0–40% was interpreted potentially not be important, and 
for a statistic above 40%, a moderate to considerable heterogeneity may be present.

S5A: Baseline scores PPD

Random model:

Fixed model:
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End scores PPD

Random model:

Fixed model:
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Incremental scores PPD

Random model:

Fixed model:
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S5B: Baseline scores CAL

Random model:

Fixed model:
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End scores CAL

Random model:

Fixed model:
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Incremental scores CAL

Random model:

Fixed model:
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S5C: Baseline scores BOP

Fixed model:

End scores BOP

Fixed model:
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Incremental scores BOP

Fixed model:
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General discussion, summary and conclusions

Periodontitis is one of the two most important oral diseases that contributes to the global 
burden of chronic disease (1), the prevalence of which increases with age (2) and represents 
a significant burden to public health (3). Maintaining a healthy oral cavity involves the pre-
vention and therapy of gingival inflammation and dental caries (4,5). Oral malodour may 
have a negative impact upon an individual’s quality of life, confidence, speech, oral health 
and overall well-being (3,6,7). The reported prevalence of oral malodour ranges widely (8). 
This thesis aims to evaluate different uses of water or mouthwash in relation to specific 
brushing and rinsing instructions as well as the use of cooling solutions. Measures related 
to the prevention and therapy of periodontal diseases and oral malodour are the result of 
this evaluation. 

Oral hygiene
The basics
To prevent and control periodontal diseases, effective plaque control is necessary, for which 
toothbrushing is universally recommended (3). Toothbrushing effectively reduces levels of 
dental plaque (9) and thus, the general recommendation is to brush twice a day with a fluori-
dated dentifrice for at least two minutes each time (3). The use of interdental cleaning devi-
ces is necessary to maintain interproximal gingival health. Evidence has further indicated 
that the interdental brush is an effective method for interproximal plaque removal (3). 
The ideal brushing manner is the one that effectively removes all plaque in the least pos-
sible period of time and with no damage to the tissues in the oral cavity (10). In general, 
brushing methods can be classified based on the position and movement of the toothbrush. 
Recommendations on toothbrushing techniques appear to differ with respect to, for in-
stance, how many times a day individuals should brush their teeth and for how long. No 
particular brushing technique has been found to be clearly superior, but the most common 
manner recommended is the (modified) bass technique (11).

Brushing sequence
The lingual surfaces of the mandibular teeth usually harbour an abundance of plaque and 
are difficult to clean (12). Therefore, a patient should pay special attention to these surfaces 
by brushing them first, as has been proposed by dental care professionals (DCPs) (13). The 
randomised controlled clinical trial from Chapter 2 that uses a split-mouth design focused 
on a specific brushing sequence. Before the visit, the participants were asked to refrain 
from any oral hygiene procedure for 48 hours. Subsequently, a full mouth plaque score was 
performed. Two randomly chosen contra-lateral quadrants were used to start brushing 
from the lingual surfaces first. The opposing two quadrants were used to start brushing 
from the buccal surfaces. After the brushing exercise was completed, post-brushing scores 
were assessed. Beginning with the lingual surface of the lower jaw resulted in a 55% reduc-
tion of plaque scores, compared to 58% when the brushing exercise began with the buccal 
surface and the scores were not statistically different. The difference in mean plaque score 
reduction between brushing sequences was 0.04 and also, not significant. Furthermore, 
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none of the sub-analyses for the buccal, lingual and approximal surfaces revealed any sig-
nificant difference. Within the limitations of this study, a recommendation to start tooth-
brushing from the lingual aspect does not receive scientific support based on the outcome 
of the experiment. 

Pre-brushing rinse
It has also been suggested that when a pre-brushing rinse is used, dental plaque might be 
more easily removed with a toothbrush. The aim of Chapter 3 was to evaluate whether rin-
sing the oral cavity with water before toothbrushing results in an additional beneficial ef-
fect on dental plaque removal. A similar research design was used, as described within the 
previous Chapter (2). The brushing and rinsing procedure was supervised and brushing 
time was tracked by a timer. The participants brushed each quadrant for 30 seconds. 
When a rinse with 15 ml water for 1 min was performed before manual toothbrushing, 
plaque scores reduced by 58%, compared to 57% when participants rinsed with water after 
brushing. The difference of 0.04 in the mean plaque index score reduction between the two 
brushing regimens was not significant. Furthermore, sub-analyses for the buccal, lingu-
al and approximal surfaces revealed no significant differences. The results, as presented 
within Chapter 3, do not support that rinsing with water before brushing results in a gre-
ater effect than mechanical plaque removal by a manual toothbrush. 

Dry brushing
Another professional belief is that dry toothbrushing improves the perception of ‘smooth’ 
for those surfaces which are effectively cleaned after brushing. Toothpaste may interfere 
with the perception of cleanliness due to the flavour and wetting ingredients used (13). A 
clinical trial has evaluated first brushing with a dry toothbrush until all teeth felt clean 
and tasted clean. In a second step, dentifrice was added and the teeth were brushed once 
more to provide the necessary fluoride (13,14). Because this trial lacked a control group, 
no high quality research is available to support that dry brushing is indeed more effec-
tive. In Chapters 2 and 3, two similar single-brushing exercises were performed, one of 
which included brushing with a pre-wetted toothbrush (Chapter 3) and the other involved 
brushing with a dry toothbrush (Chapter 2). Because these experiments were performed 
under the same conditions with the same participants, the same study design and the same 
examiners, a secondary analysis could be performed regarding dry brushing (Chapter 4). 
The dental plaque score reduction following brushing with a dry toothbrush was 58%, com-
pared to the 57% result of using a pre-wetted toothbrush. The mean difference in plaque in-
dex score reduction (0.09) between a dry and a pre-wetted toothbrush was not significant. 
Pre-wetting the participants’ toothbrushes appeared to have no influence on the percepti-
on of toothbrush filament stiffness nor on the perception of cleaning capability. However, 
brushing without a dentifrice was judged as unpleasant. In summary, the three specific va-
riations in toothbrushing instruction, as provided by DCPs to improve brushing efficacy, 
evaluated within this thesis (Chapters 2, 3 and 4) appear to be based on empirical evidence 
and are not supported by scientific evidence. Consequently, these presumptions should not 
be adapted as general advice when DCPs instruct their patients on toothbrushing methods. 
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Instruction 
Substantial evidence has indicated that toothbrushing and other mechanical cleansing 
procedures can reliably control plaque, provided that cleaning is sufficiently thorough 
and performed at appropriate intervals (9). It is recommended that oral hygiene instruc-
tions be given during a series of appointments, allowing the patient to receive immediate 
feedback and improve the patient’s oral hygiene. Toothbrushing methods must be imple-
mented according to the patient´s needs (15). Based on a systematic review, the effects of 
oral hygiene motivation, information and instruction can continue even after six months 
(16). The design of toothbrushes or a specific toothbrushing method are likely of secondary 
importance for each individual (17). The individual motivation, manual skills, complexity 
of the dentition and self-consciousness all contribute to an optimal effect (18). Thus, it is 
considered important to make the individual aware of their own ability to maintain proper 
dental health with minimal participation of the DCPs, which could be limited to a mere ad-
vising and encouraging role (19). However, changing health behaviour in case of persistent 
noncompliance is probably one of the most challenging goals for DCPs (20). The techno-
logy of a smart digital toothbrush monitoring and training system was found to improve 
individuals’ brushing technique, leading to enhance oral hygiene. Eventually, the focus 
should be on the systematics during toothbrushing so that all surfaces are reached, rather 
than on changing one’s toothbrushing technique (18).

Toothbrushing and water 
The toothbrush filaments used in the studies presented in Chapters 2, 3 and 4 were soft. 
The literature is inconclusive concerning the benefit of toothbrushing with softer fila-
ments. Indeed, it has been suggested that toothbrushes with medium or hard filaments are 
able to better remove plaque. However, these bristles can cause more gingival abrasions 
than toothbrushes with soft filaments (21,22). Moreover, pre-wetting a toothbrush in warm 
water leads to a loss in mechanical resilience of the filaments (23), since the temperature of 
the water can adapt toothbrush bristle morphology (24). It has further been suggested that 
patients can soften the toothbrush in hot water for those areas where gingival surgery was 
performed (25). This, however, has not been supported by any study. 

Oral malodour 
Measurements
For the unpleasant smell on an individual’s breath (26), toothbrushing alone is not enough 
to reduce oral malodour (27,28). To diagnose oral malodour, the organoleptic score (ORG) is 
considered as the gold standard (29). Specific apparatuses objectively assess the levels of vo-
latile sulphur compounds (VSCs). VSCs are considered to be the most significant gasses with 
regard to oral malodour: hydrogen sulphide (H₂S), methyl mercaptan (CH₃SH) and dimethyl 
sulphide ((CH₃)₂S)). Of these three compounds, H₂S and CH₃SH, are the main contributors 
(30). Based on the data currently available within the literature, two devices for the detec-
tion of VSC can be recommended for use in dental care practices (31). A portable sulphide 
monitor, the Halimeter®, has acceptable sensitivity and specificity (26). The OralChroma™ is 
also suitable in research environments since it is more specific for three separate gases (32). 
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Both apparatus exhibit an acceptable correlation with scores from a calibrated odour jud-
ges and appear to be easy to use under the conditions found in a regular dental practice (31). 

Water
Life style rules regarding oral malodour studies often request that participants abstain 
from eating and drinking (even water) for a specified number of hours before the assess-
ment. The impact of frequently drinking water on oral malodour was evaluated in Chine-
se adults. It appeared that those without oral malodour drank water more frequently (5 
times or more per day) than the oral malodour group (33). Furthermore, within the lay-
men’s literature, it has been suggested that the use of water could positively affect morn-
ing bad breath (MBB). This was the subject of the research in Chapter 5. Participants were 
randomly divided into two groups: rinsing with water for 30 seconds or drinking a glass 
of water within 30 seconds. Assessments were carried out during a morning appointment, 
between 7:30 am and 12:00 pm. The participants had fasted overnight. As primary outcome 
parameters, the ORG was assessed. The output of the apparatuses that evaluate VSCs, the 
OralChroma™ and the Halimeter® were the secondary outcome parameters. While rinsing 
with water and drinking a glass of water had a statistically significant effect on the MBB 
parameters, no significant difference was found between the two. 

Mouthwash
Mouthwash is an ideal vehicle for the active ingredients that impact oral health and prevent 
disease (34,35,36). Different types of mouthwash reduce oral malodour (37). Thus far, one 
study has evaluated the additional effects on of mouthwash tongue cleaning over two week 
period. However, no additional effects on oral malodour were found (38-41). Chapter 6 evalu-
ates a toothbrushing regimen that consists of a tooth/tongue gel, tongue cleaner and mouth 
rinse, based on the ORG, VSCs and tongue surface appearance scores. During the 3 week, 
parallel, single-blind, randomised, controlled clinical trial, the test group regimen used a 
tongue cleaner, a tooth/tongue gel and a mouth rinse that contained a combination of amine 
fluoride, stannous fluoride and zinc lactate to counteract oral malodour. The control group 
regimen consisted only of a standard fluoride dentifrice. A significant effect on MBB was ob-
served after 24 hours for most of the parameters in favour of the test regimen. On day 21, the 
decrease in H₂S and the Halimeter® outcomes were maintained for the test group regimen. 
A significant increase in tongue surface discoloration was observed in the test regimen. 
Participants’ self-perceptions also indicate that their breath felt more fresh when they woke 
up. No effect was observed for the primary ORG outcome parameter. A surrogate method to 
screen for oral malodour is described within the literature as ‘turbidity’ of the mouth-rinsed 
water (42). It is defined as ‘an expression of optical property that causes light to be scattered 
and absorbed, rather than transmitted in straight lines, through the sample’. This could be 
a less expensive method. However, the clinical relevance still needs to be addressed. Many 
factors, including dental status, periodontal condition, oral hygiene and flow rate of saliva, 
affect oral malodour. Similarly, the turbidity of mouth-rinsed water could be influenced by 
these factors (42). Furthermore, self-estimation can be used to judge one’s own oral malo-
dour, which was found to be significantly correlated with H₂S and CH₃SH (43).
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Tongue surface characteristics
Tongue surface characteristics are also of interest with regard to oral malodour. Tongue coa-
ting is closely associated with clinical oral malodour, whereas a high plaque index is closely 
associated with perceived oral malodour (44). Periodontal diseases can be an additional, but 
less important, cause of oral malodour as not all periodontally affected patients will have 
oral malodor. Moreover, even periodontally healthy patients can present with malodour. In a 
small number of patients, gingivitis or periodontitis can be the single cause of oral malodour 
(45). The main etiology of oral malodour in young people is tongue coating and in the older ge-
neration it is a combination of periodontal diseases and tongue coating (46). Several methods 
have been used to assess the presence of tongue coating. One approach is to carefully remove 
the tongue coating with a tongue scraper and either estimate the wet weight (47) or use an 
ordinal index to assess the amount (48,49). The tongue surface can be differentiated by dis-
tribution area (46), colour and quality (50). Other methods have visually divided the dorsum 
of the tongue into different areas and, per area, the tongue surface discoloration and tongue 
coating thickness are given a score (51). The tongue surface scores in Chapters 5 and 6 were 
assessed according to the Gomez index (52). The dorsum of the tongue was divided into nine 
areas and the tongue’s surfaces were scored according to discoloration and coating thickness. 
Tongue surface discoloration was scored on a scale from 0 to 4, e.g. score 0=pink, and score 
4=black. The tongue coating thickness ranges from 0 to 2, e.g. score 0=no coating, and score 
2=heavy-thick coating. On the posterior- and mid-dorsal regions of the tongue, a discoloration 
score of 2 was primarily observed. This was similar for the tongue coating thickness. 
In a clinical trial, the test group that used products containing chlorhexidine (CHX), cetylpy-
ridinium chloride and zinc-lactate exhibited significantly higher tongue surface discolora-
tion compared to the placebo group (51). These results are in accordance with the findings 
in Chapter 6, where the tongue surface exhibited a significant increase discoloration over 
time. The presence of a tongue surface coating does not necessarily lead to oral malodour and 
moreover, reduction of the VSC production can be achieved in the presence of tongue coating 
(51). However, the tongue surface is the primary strong odour-forming site in the mouth and 
the removal of tongue coating has the potential to reduce VSCs. The evidence for the benefi-
cial effect of mechanical tongue cleaning in real oral malodour patients remains weak (8) and 
cleaning the tongue surface only appears to have a short-lived effect on intraoral malodour 
(53). On the other hand, a systematic review concluded that nearly all mouthwash containing 
active ingredients had beneficial effects on reducing oral malodour (37). Therefore, cleaning 
the tongue and the use of a mouthwash with active ingredients, as a regimen, could have a 
positive effect on oral malodour. For instance, the combination of a tongue brush and an an-
tibacterial tongue spray containing 0.09% cetylpyridinium chloride and 0.7% zinc gluconate, 
was able to provide more than 6 hours of fresh breath after a single use (54). Another study 
revealed that toothbrushing combined with tongue cleaning results in lower levels of VSC 
and tongue coating compared to only toothbrushing (55). Additionally, a regimen of tooth-
brushing, mouthwash and tongue cleaning exhibited the most reduction in oral malodour 
(27). However following the use of a mouthwash containing zinc and CHX a decrease in effect 
oral malodour was observed to which, tongue cleaning did not provide an additional effect 
(38,39).
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The impact 
Several studies have indicated that, given the potential social consequences of oral malo-
dour, it is vital for DCPs to make patients aware of the presence of oral malodour. Indeed, 
DCPs should be prepared to practice in a culturally diverse environment as well as in a sen-
sitive and appropriate manner to provide optimal oral health and hygiene care and improve 
patients’ oral health related quality of life (HRQoL) and well-being (56). The HRQoL or simply, 
quality of life (QoL), constructs are commonly assessed by patient-reported outcomes (PRO) 
questionnaires. Oral health-related quality of life (OHRQoL) is ‘the impact of oral disorders 
on aspects of everyday life that are important to patients and persons, with those impacts 
being of sufficient magnitude to affect an individual’s perception of their life overall’ (57). 
Oral malodour is one of the most common complaints from patients in the clinics (33). When 
OHRQoL was measured using the oral health impact profile (OHIP-14), those with oral ma-
lodour scored lower (33). It has even been suggested that an effective oral health behaviour 
may play an important role in oral malodour and influence an individual’s self-perceived 
OHRQoL (56). Patients with oral malodour may even experience psychological discomfort 
and disability (33). In both chapters on MBB (Chapters 5 and 6) participants’ self-perception 
was evaluated using a visual analogue scale (VAS) questionnaire. The VAS has been extensi-
vely used in the evaluation of health related QoL (58). Although it is difficult to use objective 
criteria for a subjective self-perception (59), the VAS is considered an established tool that is 
easy to use and has been found to differentiate between groups (60-64). After the interventi-
on, the rinse group in Chapter 5 perceived their own breath as significantly more fresh than 
the drinking group. Furthermore, in Chapter 6, the improvement of the perceived fresh-
ness of breath upon wakening, for the test participants who were assigned to the regimen 
that included mouthwash, was significantly greater than for the control group. Patients 
with potential oral malodour do not always receive the appropriate care, which may be 
due to a lack of knowledge of DCPs on this specific outcome (65-67). A possible explanation 
for this may be reluctance on the part of the DCPs, which seems to interfere with adequate 
professional care (56). In general, oral malodour may rank behind, since dental caries and 
periodontal diseases are the reasons why patients visit the DCPs (68). 

Periodontal diseases
Chemical anti-plaque agents
Meta-reviews have displayed that home-care regimens for mechanical plaque removal 
are effective (69,70). Over the past decades, the use of anti-microbial mouthwashes have 
become customary, following mechanical plaque biofilm control (69). When used as an 
adjunctive therapy to conventional manual toothbrushing with a fluoridated dentifrice, 
the use of chemical anti-plaque agents in mouthwash or incorporated into dentifrice, al-
one or in combination, provides clear and significant improvements in managing gingival 
inflammation and preventing plaque accumulation (3). There are several systematic re-
views concerning ingredients in mouthwash products. Based on these systematic reviews, 
Chapter 7 presents the results of a meta-review that evaluated the effect of various types of 
mouthwash on plaque and gingivitis. Evidence suggests that a mouthwash containing CHX 
is the first choice. The most reliable alternative for plaque control is essential oils (EO). 
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Regarding gingivitis however, no difference was observed between CHX and EO. Similar 
results were established by a recent systematic review and meta-analysis, which compared 
the efficacy of different anti-plaque chemical mouthwash products, in 6-month, home-use, 
randomised clinical trials, with plaque index changes as outcome parameters. Mouthwash 
containing EO or CHX exhibited the greatest effect on plaque index score reduction (71). In 
an earlier review, the same research group also demonstrated a positive effect on parame-
ters of gingival health (72). 

Cooling solution
Additionally, mouthwash with active ingredients can also be used during non-surgical pe-
riodontal therapy as a cooling solution, such as in combination with ultrasonic devices. 
Mouthwash can be useful, for a pre-procedural rinse, in reducing the bacterial loading 
within the oral cavity (73-75). Furthermore, mouthwash containing additional active in-
gredients can be used as a cooling solution following non-surgical therapy with ultraso-
nic devices. Chapter 8 presents the results of a systematic review on the effect of clinical 
parameters of periodontal inflammation following non-surgical therapy with ultrasonic 
devices and chemotherapeutic cooling solution. Efficacy on the clinical parameters of pe-
riodontal inflammation, such as probing pocket depth (PPD) and clinical attachment level 
(CAL), was evaluated. The meta-analysis revealed that even when the ultrasonic cooling 
solution contained adjuvant active ingredients, the difference of means and for CAL were 
not statistically significant. The sub-analysis further indicated that, in conjunction with 
povidone-iodine (PVP), a very small gain in CAL may be expected. PVP is mainly used in 
a 0.5%-1.0% concentration. The included study in Chapter 8 that contributed with a signi-
ficant effect on the incremental score PPD is do Vole et al. 2016 (76). This study, however, 
used a much higher percentage of 10% PVP. Another, non-included, study showed that PVP 
as a cooling solution might enhance PPD reduction in initially deep pockets of non-molar 
teeth, when the same 10% of PVP was used (77). Their study protocol included that all poc-
kets were refilled with a PVP ointment after instrumentation to obtain a greater contact 
time. This may have contributed to the study’s positive findings. From the results presented 
in Chapter 8, it can be concluded that an ultrasonic device with just plain tap water used as 
a cooling solution is sufficiently effective by itself. Besides as an advantage, water as cool-
ant ensures good visibility for the DCP, because the work field is continuously flushed (78).

External validity 
External validity refers to the generalizability of the outcome results. Basic aspects of ex-
ternal validity concern whether the subjects, interventions and settings are similar en-
ough to achieve the intended purpose (77,80). The first key aspect includes the subjects; ‘are 
the subjects similar to the intended application?’ As previously mentioned, the study popu-
lation of the current thesis primarily presents clinical outcome results of mainly young 
healthy adults (Chapters 2, 3, 4, 5 and 6). The age of the participants ranged between 18 
and 39 years, the majority of whom are female, systemically healthy and had no periodon-
tal diseases. Furthermore, Chapters 5 and 6 only include non-smokers. The available evi-
dence suggests that oral malodour is common and can affect people of all ages (81). 
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The second key aspect questions whether ‘the intervention is provided and assessed in a si-
milar way to the intended application?’ The studies presented in Chapters 2, 3 and 4 per-
formed a comparable study design: a single brushing exercise and split-mouth model were 
used. While Chapter 5 evaluates two different alternative interventions, the study lacked 
a control that was not affected by an intervention. However, the study showed an effect for 
both interventions on the organoleptic scores. The examiners could have been influenced 
by the knowledge that all participants were exposed to an intervention. On the other hand, 
objective outcomes from the OralChroma™ confirmed the organoleptic scores. Chapter 5 
presents a single visit and Chapter 6 examines the follow-up that occurred after 21-days, 
the included participants were assessed during the same time slot between 7.30 am and 
12.00 pm. Both studies required strict life-style rules and the assessments occurred in the 
same room. 
The last key aspect of external validity concerns the setting: ‘is the setting of the study si-
milar enough to the intended application?’ All clinical studies were performed at the de-
partment of Periodontology of the Academic Centre of Dentistry Amsterdam. The same 
trained examiners and organoleptic judge performed the measurements. Furthermore, 
the brushing procedure and interventions outlined in Chapters 2, 3, 4, 5 and 6 were stan-
dardised and controlled. The studies used a typical research set-up to evaluate to what 
extent an intervention can produce a beneficial outcome under ideal circumstances. The 
procedures were performed under supervision and were carefully controlled. This aspect 
could have an impact on the generalisability of the outcome results and may not be repre-
sentative for the effectiveness of an intervention under ordinary day-to-day circumstan-
ces (82). However, an important recommendation is to standardise, within randomised cli-
nical trials, the outcome measurements and exclude possible bias to guarantee the quality 
of the results (3). 

Conclusion 

Different uses of water in relation to cleaning capability, pre-rinsing and a specific 
brushing sequence do not significantly contribute to toothbrush efficacy. Water had 
a positive effect on morning bad breath parameters. In addition to toothbrushing, a 
regimen of a tooth/tongue gel and mouthwash had a significant overnight effect on 
morning oral malodour compared to regular oral hygiene. The prolonged effect of 
the regimen was perceived as fresh by the participants. The adjunctive use of mouth-
wash containing particularly chlorhexidine or essential oils had an effect on plaque 
control and managing gingivitis. Moreover, the use of a chemotherapeutic cooling so-
lution in an ultrasonic device on clinical parameters of periodontal inflammation fol-
lowing non-surgical periodontal therapy did not exhibit any additional effects. Thus, 
plain tap water is an inexpensive and sufficiently effective cooling solution.
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List of frequently used abbreviations 

ACTA Academic Centre for Dentistry Amsterdam
ADA American Dental Association 
AMC Academic Medical Centre
BOP  Bleeding On Probing 
BS Bleeding Scores 
CAL Clinical Attachment Loss
CH3SH Methyl Mercaptan
(CH3)2S) Dimethyl Sulphide
CHX Chlorhexidine 
CONSORT Consolidated Standards Of Reporting Trials 
DCP Dental Care Professionals
DiffM Difference in Means
EO Essential Oils 
GI Gingival Index 
GRADE Grading of Recommendations Assessment, Development and Evaluation 
H2S  Hydrogen Sulphide
MA Meta-Analysis
MBB Morning Bad Breath 
MEDLINE Medical Literature Analysis and Retrieval System Online 
NVvP Nederlandse Vereniging voor Parodontologie (Dutch Society of Periodontology)
ORG Organoleptic Scores 
OZI Onderzoekinstituut ACTA
PPD Pocket Probing Depth
PVP Povidone-iodine 
PI Plaque Index
PS Plaque Scores
PRISMA  Preferred Reporting Items for Systematic 
PubMed Public Medline database
Q&L Quigley & Hein Index
REC Recession (distance from the marginal gingiva to the cement to-enamel junction)
RCT Randomized Controlled Trial 
SD Standard Deviation
SE Standard Error  
S&L Silness - Löe Index
SRP Scaling and Root Planing (non-surgical debridement)
STROSA Standardized Reporting Of Secondary Analysis 
TIDiER Template for Intervention Description and Replication 
US Ultrasonic Scaling 
VAS Visual Analogue Scale 
VSC Volatile Sulphur Compounds
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Poetsen, spoelen en koelen

Tandplaque is de belangrijkste veroorzaker van ontstoken tandvlees (gingivitis). Deze op-
pervlakkige tandvleesontsteking kan zich uitbreiden naar een ontsteking van de onder-
liggende weefsels die de tand en kies hun steun verlenen (parodontitis). De aanwezigheid 
van tandplaque kan daarnaast bijdragen aan een slechte adem. Dit proefschrift evalueert 
diverse aspecten van dagelijkse mondverzorging en beoordeelt in hoeverre deze bijdra-
gen de hoeveelheid tandplaque te verminderen. In een breder perspectief draagt dit werk 
bij aan een gezonde mond verkrijgen en behouden.

Een deel van het onderzoek in dit proefschrift heeft gekeken naar de effectiviteit van speci-
fieke mondhygiëne-instructies. Verder is in twee klinische studies onderzocht in hoeverre 
slechte ochtendadem kan worden verminderd met specifieke interventies. In het eerste 
onderzoek is gekeken naar de effectiviteit van een glas water drinken, ten opzichte van 
grondig spoelen met water. In de tweede studie is een combinatie van een tand- en tong-
gel, mondspoelmiddel, tongreiniger en tandenpoetsen vergeleken met tandenpoetsen met 
een gewone fluoride tandpasta. Verder bevat het proefschrift een tweetal systematisch 
literatuuronderzoeken. Eén daarvan is een overzicht en analyse van de effectiviteit van 
verschillende mondspoelmiddelen, die ingrediënten bevatten met als doel de hoeveelheid 
tandplaque en gingivitis te reduceren. Het tweede systematisch literatuuronderzoek be-
oordeelt, in de behandeling van parodontitis, in hoeverre specifieke ingrediënten in koel-
vloeistoffen die gebruikt worden in ultrasone apparatuur een additioneel effect opleveren. 

Water

Water maakt deel uit van de interventies die zijn onderzocht in vijf hoofstukken van dit 
proefschrift en verdient daarom een wat bredere introductie. Afhankelijk van de tempera-
tuur komt water in verschillende fases voor, en is beter bekend als ijs, water en nevel (wa-
terdamp). In totaal bestaat 70% van het aardoppervlak uit water, waarvan 3% zoet is. Een 
fractie hiervan, slechts 1% draagt bij aan het leven op land. Voor de vochthuishouding van 
levende wezens is water van groot belang. De Wereld Gezondheid Organisatie (WHO) stelt 
dat water, voor de volksgezondheid, veilig en gemakkelijk bereikbaar moet zijn. Tussen de 
50 en 100 liter water per persoon per dag is nodig om aan de meest primaire behoeften te 
voldoen, zonder dat gezondheidsproblemen ontstaan. Water wordt onder andere gebruikt 
voor productie van levensmiddelen en persoonlijke hygiëne. In het dagelijks leven kan wa-
ter bijvoorbeeld eraan bijdragen achtergebleven voedsel in de mond te verwijderen. Ook 
door mensen die een droge mond ervaren kan water worden gedronken, of er kan mee 
worden gespoeld. Water vormt geen risico voor het gebit zoals zoethoudende dranken en 
bevat bovendien geen calorieën.
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De basis

Het algemene tandheelkundige advies is tweemaal per dag, gedurende twee minuten, de 
tanden en kiezen te poetsen met een fluoride tandpasta. Dit is de gouden standaard om een 
gezonde mond te verwezenlijken en onderhouden, meer specifiek ter preventie van tand-
vleesontsteking, gaatjes en een slechte adem. Met alleen een tandenborstel is het moeilijk 
alle plaque tussen de tanden en kiezen te verwijderen. Het is om die reden raadzaam ook 
de tussenruimten te reinigen met een interdentaal hulpmiddel, bijvoorbeeld floss, stokers, 
ragers of een monddouche.

Poetsen 

Een handtandenborstel met nylonharen wordt wereldwijd het meest gebruikt. Vaak is 
het advies deze te gebruiken volgens de (gemodificeerde) bass-methode, waar aandacht 
wordt gegeven aan de overgang van het tandvlees naar de tand of kies. Hierbij wordt de 
tandenborstel in een hoek van 45 graden naar het tandvlees geplaatst, waarbij kleine kor-
te zachte horizontale schrob bewegingen worden gemaakt. Een eenmalige poetsbeurt met 
een handtandenborstel geeft een gemiddelde reductie van de tandplaquescores van 42%. 
Kortom er is zeker nog ruimte voor verbetering.

In hoofdstuk 2 is een specifieke poetsvolgorde onderzocht. Gesuggereerd wordt namelijk 
dat het best gestart kan worden met poetsen op plaatsen die het moeilijkst zijn schoon te 
houden, zoals de binnenkant van de onderkaak. Gezonde proefpersonen zonder ernstige 
tandvleesontsteking mochten 48 uur voor de afspraak niet poetsen, en geen andere mond-
hygiënemiddelen gebruiken. Eerst is de hoeveelheid tandplaque gemeten. Het lot bepaalde 
in welk deel van de mond gestart werd met poetsen. De mond werd visueel in vier kwarten 
gedeeld, oftewel kwadranten. Bij twee van de vier kwadranten werden de proefpersonen 
geïnstrueerd aan de binnenkant van de onderkaak te beginnen met poetsen en te eindi-
gen aan de buitenkant van de bovenkaak. In de twee tegenovergestelde kwadranten werd 
juist begonnen aan de buitenkant van de bovenkaak en geëindigd bij de binnenkant van 
de onderkaak. Om te meten in hoeverre de poetsvolgorde invloed heeft op de hoeveelheid 
tandplaque, werd vervolgens van beide groepen de hoeveelheid tandplaque opnieuw vast-
gesteld. Beide specifieke poetsvolgordes laten een afname van tandplaquescore zien, na-
melijk 55% en 58%. Er is geen statistisch significant verschil gevonden tussen starten met 
poetsen aan de binnenkant en starten aan de buitenkant (hoofdstuk 2). 

Een ander advies is om voor het poetsen te spoelen met water. Gedachte hierachter is dat 
hierdoor de tandplaque ‘geweekt’ zou zijn en daardoor gemakkelijker te verwijderen. 
Dit is onderzocht in hoofdstuk 3, met dezelfde proefpersonen als in hoofdstuk 2. Na we-
derom 48 uur niet poetsen werd de hoeveelheid tandplaque gemeten. De proefpersonen 
werden geïnstrueerd twee kwadranten te poetsen die volgens het lot waren aangewezen. 
Vervolgens spoelden zij met 15 milliliter water waarna de andere twee tegenovergestelde 
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kwadranten werden gepoetst. Hierna werd opnieuw de tandplaquescore gemeten. De af-
name in tandplaquescore zijn respectievelijk 57% en 58%. Er wordt daarmee geen verschil 
gemeten op de verwijdering van tandplaque tussen wel of niet voorspoelen met een slokje 
water. 

Een ander mondhygiëneadvies is dat het gebruik van een ‘droge’ tandenborstel kan bijdra-
gen aan een verbeterde tandplaqueverwijdering. Onder een droge tandenborstel wordt 
verstaan dat de borstel zonder tandpasta wordt gebruikt en vooraf niet is nat gemaakt met 
water. Voor het onderzoek in hoofdstuk 2 werd een droge tandenborstel gebruikt terwijl 
in hoofdstuk 3 de tandenborstel voor gebruik in een beker met water werd geplaatst. Om-
dat hoofdstuk 2 en hoofdstuk 3 eenzelfde soort studieopzet en dezelfde proefpersonen 
hebben, kunnen deze resultaten met elkaar worden vergeleken. Deze vergelijking is ge-
maakt in hoofdstuk 4. Er is geen significant verschil gemeten tussen poetsen met een dro-
ge of nat gemaakte handtandenborstel. Samenvattend blijkt uit hoofdstuk 2, 3, 4 dat de 
verschillende mondhygiëne-instructies en -adviezen, zoals vooraf spoelen met water, een 
tandenborstel natmaken of een specifieke poetsvolgorde toepassen, niet wetenschappelijk 
worden ondersteund. 

Patiëntgerelateerde uitkomstmaten, zoals vragenlijsten waarin gevraagd wordt naar de 
ervaring en beleving van de proefpersonen, wordt in de patiëntenzorg een steeds groter 
belang aan gehecht. De uitkomsten van deze vragenlijsten reflecteren de potentiele thera-
pietrouw en hoe de interventie wordt ervaren. In hoofdstuk 2 en 3 zijn vragenlijsten over 
de ervaringen van de borstel en gevolgde onderzoeksprocedures afgenomen onder toe-
zicht van een studiecoördinator. De belangrijkste uitkomst is dat tandenpoetsen zonder 
tandpasta als niet prettig wordt ervaren. Voor het frisse gevoel poetsen de proefpersonen 
graag met een tandpasta. 

Spoelen 

De hoofdfunctie van speeksel is de bescherming van de mondweefsels, zowel de harde 
weefsels als het gebit, de slijmvliezen en het tandvlees. Het heeft onder andere een neutra-
liserende/bufferende werking, voorziet in mechanische reinigingen en helpt bij de spijs-
vertering om bijvoorbeeld voedsel door te slikken. Een gezonde volwassene produceert 
dagelijks tussen de 0.75 en 1.5 liter speeksel. Gedurende de nacht neemt de speekselpro-
ductie af, wat een slechte ochtendadem tot gevolg kan hebben. Dit zal voor veel mensen 
herkenbaar zijn. Het zijn de bacteriën in de mond, op voornamelijk de tanden, kiezen en 
tong, die zorgen voor zwavelverbindingen die onprettig kunnen ruiken. Bij een vermin-
derde speekselvloed kunnen micro-organismen gemakkelijker groeien. Mondgeur kan 
op verschillende manieren worden gemeten, onder andere door te ruiken, dit wordt ook 
wel sniffen genoemd. Daarbij geeft de onderzoeker een score aan de mate van mondgeur. 
Daarnaast bestaan er speciale apparaten die het gehalte aan vluchtige zwavelverbindingen 
meten. 
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Gesuggereerd wordt dat met water spoelen of een glas water drinken slechte ochtend- 
adem kan verminderen. In hoofdstuk 5 werden gezonde, niet-rokende proefpersonen, 
met klachten van een slechte ochtendadem, verzocht vanaf twee dagen voor het onderzoek 
zich te houden aan specifieke leefregels. Op die manier werden de metingen niet beïnvloed 
door externe factoren. Zij mochten bijvoorbeeld geen gekruid voedsel eten, geen cosmeti-
caproducten gebruiken en verschenen nuchter op de afspraak. Eerst zijn de verschillende 
mondgeurmetingen verricht. Het lot bepaalde wie met een flinke slok water moest spoe-
len, of een glas water moest leegdrinken. Daarna werden wederom de metingen verricht. 
Door zowel met water te spoelen als door een glas water te drinken, blijkt de slechte och-
tendadem significant af te nemen. Echter tussen deze twee methoden was er geen verschil. 

Tongbeslag kan de oorzaak zijn van een slechte adem. Met een tandenborstel of tongschra-
per of lepel kan het tongbeslag op de rug van de tong worden weggehaald. Voor de behan-
deling van een slechte adem bestaan diverse producten voor de consument, zoals tandpas-
ta’s, mondspoelmiddelen, tongreinigers en tand- en tonggels. In hoofdstuk 6 is het effect 
van een combinatie testproducten - een tongreiniger, een mondspoeling, en een tand- en 
tonggel met zink, tin en fluoride - onderzocht ten opzichte van reguliere mondhygiëne 
(tandenpoetsen met natriumfluoride tandpasta). De producten zijn drie weken gebruikt. 
De metingen vonden plaats aan het begin, na een dag, na een week en na drie weken. Naast 
de gebruikelijke mondgeurmetingen zijn ook de kleur van het tongoppervlak en de dikte 
van het beslag op de tong gescoord, omdat bacteriën in coating op de tong van invloed zijn 
op de mondgeur. Gezocht werd naar gezonde niet-rokende proefpersonen die zich strikt 
moesten houden aan de leefregels, zoals beschreven in hoofdstuk 5. Het lot bepaalde of 
zij in de test- of controlegroep terecht kwamen. Bij de groep met de testproducten bleek na 
een dag de mate van mondgeur bepaald door het ‘sniffen’ en op basis van meetapparaten 
significant te zijn afgenomen. Dat geldt zowel ten opzichte van de beginmetingen, als in 
vergelijking met de controlegroep. Na drie weken kon er met ‘sniffen’ geen verschil meer 
worden vastgesteld tussen de groepen. Echter, één van de twee apparaten heeft een sig-
nificant effect op de zwavelverbindingen, ten gunste van de testgroep. Na de drie weken 
gebruik van de voorgeschreven middelen laat de testgroep een significante donkere ver-
kleuring van het tongoppervlak zien, wat kan worden toegeschreven aan de ingrediënten. 
De proefpersonen in hoofdstuk 5 en hoofdstuk 6 hebben daarbovenop vragenlijsten in-
gevuld over de beleving van hun slechte ochtendadem. Slechte adem kan de kwaliteit van 
leven, het psychologisch ongemak en sociale welzijn beïnvloeden. De deelnemers beoor-
delen hun adem, na gebruik van water en/of een combinatie van testproducten, als signi-
ficant beter en frisser.

Ondanks dat de algemene mondverzorging onder de gehele bevolking de laatste decennia
is verbeterd, blijft er ruimte en noodzaak de zelfzorg te optimaliseren. Hoewel veel men-
sen aangeven dat zij dagelijks tandenpoetsen en een interdentaal hulpmiddel gebruiken, 
komen tandvleesontstekingen wijdverspreid voor. Het gebruik van een mondspoelmiddel 
met een actief ingrediënt kan een aanvulling zijn de tandplaque en gingivitis te reduce-
ren. In hoofdstuk 7 wordt een overzicht en een kritische beoordeling gegeven van de be-
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schikbare systematische reviews, betreffende de meest gebruikte mondspoelingen. Deze 
worden samengevat in een zogenoemde meta-review. Systematisch is in verschillende da-
tabases gezocht naar de reeds gepubliceerde systematische literatuuronderzoeken. Ver-
volgens zijn de data daaruit gestructureerd samengevoegd, geanalyseerd en beoordeeld. 
In totaal zijn elf verschillende ingrediënten, of combinaties daarvan, onderzocht. Een 
mondspoelmiddel met chloorhexidine laat het grootste effect zien op de groei van tand-
plaque. Daarmee is chloorhexidine de gouden standaard als er niet gepoetst kan worden. 
Chloorhexidine spoelmiddel kan zonder problemen worden gebruikt in combinatie met 
een natriumfluoride tandpasta zonder dat het elkaar beïnvloed. Om de negatieve bijwer-
king van verkleuring bij het gebruik van chloorhexidine mondspoeling te voorkomen, 
wordt geadviseerd ervoor te spoelen met waterstofperoxide. Mede omdat met chloorhexi-
dine smaakveranderingen kunnen optreden bij langdurig gebruik, is een spoelmiddel met 
essentiële oliën een goed alternatief. Om plaque en gingivitis op lange termijn te reduce-
ren is, als dit naast tandenpoetsen wordt gebruikt, geen verschil vastgesteld tussen een 
mondspoeling die chloorhexidine of essentiële oliën bevat. Op geleide van hoofdstuk 7 is 
de folder Is een Mondspoelmiddel iets voor mij? van de Nederlandse Vereniging van Paro-
dontologie ontwikkeld. 

Koelen

Om zich te koelen wordt bijvoorbeeld door olifanten de huid bedenkt met modder, zand of 
water. Mensen maken gebruik van water om zich te koelen, zoals douchen op een warme 
dag ter verkoeling. Ook binnen de tandheelkunde wordt, om te koelen, gebruikgemaakt 
van water. Om patiënten met parodontitis succesvol te behandelen, moet een professionele 
gebitsreiniging worden uitgevoerd. Dit wordt gedaan door tandsteen en tandplaque, zowel 
boven als onder het tandvlees, te verwijderen. Dit kan worden uitgevoerd met ultrasone 
apparatuur, waarbij plaque en tandsteen worden losgetrild. De wrijvingswarmte die vrij-
komt tijdens het gebruik van een ultrasone apparatuur moet gekoeld worden en hiervoor 
wordt meestal water gebruikt. Echter, als koelvloeistof kunnen ook mondspoelmiddelen 
met specifieke ingrediënten (zie hoofdstuk 7) worden gebruikt. Ook wordt jodium wel aan 
koelvloeistof toegevoegd. Gesuggereerd wordt dat deze specifieke ingrediënten naast koe-
len, een extra positief effect geven bij de niet-chirurgische behandeling van parodontitis. 
De mate van parodontitis wordt vastgesteld door de ruimte tussen tand en tandvlees 
(pocketdiepte) op te meten. Dit gebeurt met een meetinstrument (pocketsonde) met mil-
limeterverdeling. Daarbij wordt ook de bloedingsneiging genoteerd. Vanaf 4 millimeter 
spreekt men van een ontstoken pocket. Ook kan de totale hoeveelheid aanhechtingsver-
lies worden gemeten. Hoofdstuk 8 onderzoekt, op basis van een systematische evaluatie 
van de reeds beschikbare wetenschappelijke literatuur, het effect op de pocket diepte door 
het gebruik van ultrasone apparatuur bij parodontitispatiënten. Daarbij wordt een groep 
met een koelvloeistof met specifieke ingrediënten vergeleken met een groep met water als 
koelvloeistof. Hoofdstuk 8 laat zien dat er over het resultaat van behandeling van ernstige 
tandvleesproblemen geen verschil is tussen het gebruik van water als koelvloeistof of een 
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koelvloeistof met specifieke ingrediënten. Bij het gebruik van ultrasone apparatuur voor 
parodontitis kan water als koelvloeistof worden gebruikt. De toevoeging van jodium aan 
de koelvloeistof resulteert in een klein positief effect op de aanhechting. Belangrijke voor-
delen van water als koelvloeistof zijn dat het kleurloos is, niet schuimt en ervoor zorgt dat 
de behandelaar een schoon en goed zichtbaar tandoppervlak in de mond heeft. 

Conclusie

Water is noodzakelijk voor een gezond leven, is relatief goedkoop, bevat geen calorie-
en en heeft geen risico’s voor het gebit. De mond voorspoelen met water, of poetsen 
met een nat gemaakte tandenborstel, draagt niet bij aan een verbeterde tandplaque-
verwijdering bij het tandenpoetsen. Ook poetsen volgens een specifieke poetsvolg-
orde draagt daaraan niet bij. Spoelen met water of water drinken heeft een direct 
effect op de slechte ochtendadem. De combinatie van tandenpoetsen, tong reinigen 
en een mondspoelmiddel, laat na 24 uur een effect zien op de slechte ochtendadem 
ten opzichte van alleen poetsen met tandpasta. Het gebruik van een mondpoelmiddel 
met de specifieke ingrediënten chloorhexidine en essentiële oliën, heeft een positief 
effect op de reductie van tandvleesontsteking. Het gebruik van vergelijkbare mond-
spoelmiddelen als koelvloeistof in ultrasone apparatuur, heeft geen toegevoegd effect 
op het behandelresultaat bij parodontitispatiënten. Water is een effectieve koelvloei-
stof, waarbij de behandelaar goed zicht behoudt.
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“Schrijven is schrappen”, zei mijn professor altijd tegen mij, maar in het dankwoord doe 
ik dat juist niet. Hoewel het bijna onmogelijk is om ieders bijdrage op waarde te schatten, 
hoop ik dat de personen die ik in mijn dankwoord noem, wanneer ze over vele jaren dit 
dankwoord nog eens nalezen, met net zoveel plezier en warmte terugdenken aan deze tijd 
als ik. Want onderzoek doen kun je niet alleen: je hebt mensen om je heen nodig die een 
goed gefundeerde achtergrond in het vakgebied hebben en die daarbovenop je mentor 
zijn.

Professor dr. G.A. van der Weijden, mijn mentor Fridus, vanaf de eerste dag heb ik zo 
enorm veel van je geleerd. De stimulerende gesprekken die we door de jaren heen hebben 
gevoerd en de adviezen over dagelijkse bezigheden waren zeer boeiend. Het congres in 
Kaapstad, waar ik mijn allereerste grote internationale presentatie kon geven, zal altijd 
een bijzondere herinnering blijven. In de afgelopen jaren hebben jouw supervisie, bijstu-
ring en je persoonlijke betrokkenheid het proefschrift mede gemaakt tot wat het nu is. 
Daar ben ik trots op. Je zei vaak: “Diegene die het hardst roept, krijgt de meeste aandacht.” 
Hard roepen vond ik heel lastig, maar ook dit was onderdeel van het leertraject. Je kost-
bare tijd en geduld; je energie om mijn stukken tekst weer te structureren heb ik als heel 
waardevol ervaren. Ik bewonder enorm je passie voor onderzoek, je eigen praktijk en de 
manier waarop je vol trots praat over je gezin. Je zult altijd aandacht houden voor het men-
selijke aspect. Ik ben je meer dan dankbaar voor alle mogelijkheden en het vertrouwen die 
je mij hebt gegeven. 

Dr. D.E. Slot, Dagmar, ook mijn mentor, onder jouw vleugels heb ik me verder kunnen ont-
wikkelen. Ons telefoongesprek in de zomer van 2009 kan ik nog herinneren als de dag van 
gisteren; wat was ik onder de indruk van jou. En wat ben ik blij dat ik na ons telefoonge-
sprek mezelf niet heb laten weerhouden toch te solliciteren op een functie binnen de on-
derzoeksgroep. Ik heb zoveel respect voor jou als onderzoeker en als mens; je wilt altijd het 
allerbeste. Jouw drive, enthousiasme en ideeën zijn echt onuitputtelijk! Niet te vergeten, 
je reactiesnelheid op e-mails en apps is, zelfs op je vrije dagen, verbluffend. Ruim twee jaar 
geleden stond ik, samen met Nienke, vol trots naast je als paranimf. Dankzij jouw steun 
en inzet is het gelukt hier nu zelf te staan! De (zater)dagen die wij in de Beemster hebben 
gewerkt, gezamenlijk lunchen in het hart van de boerderij en ik ben zo gastvrij door jouw, 
maar ook door jullie familie ontvangen. Met heel veel plezier denk ik terug aan die periode. 
Natuurlijk, dank je wel Dirk, voor je praktische ideeën rondom onze feestmaand juli. En 
mijn dank dat ik Dagmar zo vaak heb mogen lenen, want het afgelopen half jaar was heel 
pittig! Maar na 7 juli is Dagmar weer ’terug’. 

Fridus en Dagmar, bedankt dat ik jullie promovenda mocht zijn. Jullie zijn degenen die 
mij als net afgestudeerde mondhygiënist lieten zien wat onderzoek doen inhield en jullie 
gaven mij deze kans. ‘You are one of the best things that ever happened to me’.
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I thank the members of the doctoral committee who were assigned the task of pre-reading 
and reviewing the manuscript. It is a great honor to have you as my opponent. Especially 
dr. J.E. Suvan for travelling from the United Kingdom to Amsterdam. 

Special thanks to Prof. dr. B.G. Loos, head of the Department of Periodontology and also 
member of the doctoral committee, for given me the chance to defense my PhD.

Dr. N.L. Hennequin-Hoenderdos, dank je wel lieve Nienke, dat wij elkaar voor het eerst 
hebben gesproken tijdens mijn diplomering in juli 2009. Jij hebt mij alles geleerd over kli-
nisch onderzoek coördineren; ik had mij geen betere docent kunnen wensen! We konden 
uren kletsen met een kop koffie of thee (en soms met chocolade erbij) over alledaagse din-
gen. De afgelopen periode zaten we in hetzelfde schuitje en ik heb veel steun aan je gehad. 
Ik heb respect voor je hoe je, naast je promoveren, ook nog een fantastische moeder bent; je 
hebt het toch maar geflikt. Ik ben heel blij dat je de rol als mijn paranimf hebt geaccepteerd 
en ik ben super trots op ons. Kus terug! 

Zonder de proefpersonen die deel hebben genomen aan de klinisch onderzoeken, zoals 
beschreven in hoofdstuk 2, 3, 5 en 6, was dit proefschrift niet mogelijk geweest. Ik wil jullie 
bedanken voor deelname aan de onderzoeken, dat jullie de instructies hebben opgevolgd 
en voor de gezellige momenten tijdens de metingen. 

Lieve dr. Monique Danser, dank je wel voor de ruimte die je mij hebt geboden, vooral ge-
durende mijn master. Je betrokkenheid en het meeleven in de afgelopen jaren, waardeer ik 
enorm. Lieve dr. Ilara Zerbo, ik ken je al sinds mijn Parodontologiestage in 2009 en daarna 
troffen wij elkaar per toeval op ACTA. Ik ben zo blij dat ik je heb leren kennen. Volgend 
jaar zorgen we er écht voor dat we samen met Dagmar naar Wimbledon gaan! Marisa 
Voll, Robbie Jansen Hendriks en Sandra Douwes, dank jullie wel voor alle gezelligheid 
‘s ochtends en buiten werkuren. Alle ACTA-collega’s, in het bijzonder de collega’s van de 
afdeling Parodontologie, bedankt voor jullie belangstelling en de gezellige praatjes bij 
de printer en bij het koffiezetapparaat. Joost Bouwman, de bibliothecaris van ACTA, be-
dankt dat je te allen tijde artikelen hebt opgezocht. 

Dank je wel dr. Martijn Rosema dat ik heb meegewerkt aan mijn eerste echte klinisch on-
derzoek. Je hebt mij geleerd wat daar allemaal bij komt kijken en ik werd van jouw onder-
zoek voor het eerst medeauteur; als een kind zo blij was ik. Bedankt Paula Kegel-Versteeg, 
jij hebt mij wegwijs gemaakt in de aanvragen bij de medisch-ethische toetsingscommissie. 
Tegenwoordig weten we dat we elkaar altijd kunnen bellen om samen een hotelkamer te 
delen tijdens een (NVM-)congres. Esther Martin, Daniëlle Ekkelboom en Rosalien Keu-
kenmeester, jullie hebben geholpen met de instructie en de uitvoering van de klinisch 
onderzoeken. Zonder jullie en de onderzoeksassistenten, van wie Milou Meijdam trouw 
onze groep ondersteunt, waren de klinisch onderzoeken niet mogelijk geweest. Bedankt 
hiervoor. Sam Supranoto, wij zijn destijds tegelijkertijd komen werken bij de onderzoeks-
groep en vormden het ‘snifkoppel’. We zullen nooit vergeten wat een groot en uitdagend 
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onderzoek dit was. Er zat een vreemd luchtje aan! Dank je wel dat je ook uren, dagen, weken 
heb doorgebracht in de OK, waar we onze gezamenlijke passie voor lekkere en originele 
recepten konden delen. Nu onderhouden we ons contact met een strikte nazorg tijdens een 
heerlijk diner en een goed glas wijn. Martijn van Leeuwen bedankt dat je proefpersonen 
hebt gescreend voor de EDUGRA-studie. Jouw belangstelling (ik noem het meer nieuwsgie-
righeid) is uitzonderlijk! Lieve Thérèse Elkerbout, dank je wel voor de fijne gesprekken 
en het aanhoren van alles rondom de promotie. En natuurlijk bedank ik ook alle andere 
kamergenoten van 3N-25, die vanaf de zijlijn hebben meegeleefd. 

Lieve vriendinnen, de afgelopen maanden had ik weinig tijd. Bedankt voor jullie begrip, 
ik ben zo enorm blij met onze vriendschap; met ieder op z’n eigen manier. Ik zal onze dates 
niet meer uitstellen. Lieve Marloes van der Zeijden, onze ceremoniemeester, na mijn pro-
motie gaan we op naar het volgende event, waarvan de organisatie in volste vertrouwen in 
jouw handen rust. Lieve (schoon)familie, bedankt voor jullie belangstelling, gezelligheid 
en ontspanning tijdens deze drukke periode. 

Lieve Oma van der Sluijs, ik kan niet omschrijven hoe bijzonder ik het vind dat u de pro-
motie en de bruiloft kan meemaken! Nu ben ik dan eindelijk afgestudeerd. Vertelt u het 
aan Opa?

Lieve Papa en Mama, zonder jullie was dit niet mogelijk geweest. Hoe ouder ik word, hoe 
meer ik ervan bewust word hoeveel invloed jullie liefdevolle opvoeding heeft. Jullie rati-
onele en emotionele adviezen, de vele gezellige dagen en avonden die we bij jullie door-
brachten, nooit te laat of te gek voor een raad en daad of gewoon een bakkie koffie en een 
borrel. De deur staat altijd open en dat weet ik, dat voelt fijn! Jullie hebben mij gesteund, 
gestimuleerd, gemotiveerd, maar vooral gevormd tot wie ik nu ben. Bedanken is dan het 
minste wat ik kan doen. Jullie zijn onmisbaar toen, nu en voor in de toekomst! 

Mijn liefste zusje Marjolein, mondhygiënist, paranimf en mijn officiële getuige, dank je 
wel voor alles! Ons artikel schrijven was een feestje. Op de onderzoeksdagen dat we samen 
naar ACTA reden, mis ik je nog steeds. Je kent mij als geen ander en ik kan met jou alles de-
len. Onze gezelligheid tijdens de klus-, koffie- en borrelmomenten met de jongens, waarbij 
wij heel vaak over de tandheelkunde praatten (sorry Roan!). Wie had ooit gedacht dat wij 
hier samen in de Lutherse Kerk zouden staan; “de Sluijsen-maffia” (ik citeer Fridus). Ik ben 
zo blij en trots dat je op deze dag naast mij wilt staan! 

Mijn liefste broertje Johan, mijn officiële-onofficiële getuige, dank je wel voor de momen-
ten waarop ik het even kwijt was! Je zegt altijd “I’ve got your back”. Je was altijd relaxt in 
de periode dat ik het mezelf weer veel te moeilijk maakte en het zorgde ervoor dat ik kon 
relativeren. Onze wekelijkse tennisavond is voor mij, naast ontspanning, ook een moment 
geweest om alles eruit te slaan. Je had direct door of ik wel/geen rust in mijn koppie had. 
Nu wordt het weer tijd om een paar mixtitels op onze naam te schrijven. En je weet: “I’ve 
got your back too bro”. 



229Dankwoord

Lieve Niels, liefste babe, mijn aanstaande echtgenoot; ik heb het beste voor het laatst be-
waard. Dank je wel voor alles wat je voor me gedaan hebt, voor me doet en voor ons zal 
doen. Het mooiste van dit proefschrift is dat we dit de afgelopen jaren samen hebben ge-
daan. Als nuchtere Westfries zeg je altijd: “Een planning is er om gewijzigd te worden”. Dat 
is iets wat mij heel goed in balans heeft gehouden tijdens de vaak hele strakke planningen. 
Je hebt me gesteund om dit avontuur aan te gaan, de ruimte gegeven om mezelf verder te 
ontwikkelen, frustraties en blijdschap aangehoord, gemotiveerd en geholpen in keuzes 
maken (iets wat niet écht mijn sterkste kant is). Maar één ding wist wél zeker, vanaf het 
moment dat ik je zag bij onze vorige werkgever Het Gulden Vlies: “you’re the one”. We zijn 
een superteam en ik heb enorm veel zin in onze volgende avonturen. Het is dubbelfeest in 
2017 en ik hou van je!
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Last but not least...
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publication and the ceremony of this thesis has been made possible due to the generosity of
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“Nobody said it was easy”
The Scientist — Coldplay
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FINDINGS BASED ON THIS THESIS

BASIC ORAL SELF-CARE
Brush twice daily for 2 minutes with a fluoride dentifrice

Reduction in plaque 
score after a single 
brushing exercise

Pre-rinsing with 
water does not 
add efficacy

A pre-wetted 
toothbrush has 
no benefit

To start brushing 
from the lingual or 
the buccal surfaces 
makes no difference

AS ADJUNCT TO 
TOOTHBRUSHING

a mouthwash can be used. 
Chlorhexidine and essential 

oils reduce plaque and 
gingivitis

DO YOU SUFFER FROM 
MORNING BAD BREATH?

Drink a glass of water  
or rinse with water

ULTRASONIC INSTRUMENTS FOR 
NON-SURGICAL PERIODONTAL 

TREATMENT 
can be sufficiently cooled with water

ORAL MALODOUR 
Toothbrushing + 

tongue cleaning +  
rinsing with a 

mouthwash helps

CHX

EO


