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Introduction
The global burden of periodontal diseases 

Periodontitis affects over 50% of the world’s adult population (1). 
Severe periodontitis is the 6th most prevalent human disease with a 
standardized prevalence of 11% (2). It is a major cause of tooth loss (3) and 
has a negative impact upon oral health quality of life, speech, nutrition, 
confidence, and overall well-being. It is also a major factor in the increase in 
costs of oral health care (4). Therefore, periodontitis represents a significant 
public health concern (5). 

Gingivitis: Gingival inflammation, Tooth loss

It is well established, that dental plaque leads to gingivitis (6) and 
most likely will eventually turn into chronic periodontitis. But not all 
patients with gingivitis will progress to periodontitis (7). Gingivitis in the 
early stage is characterized by increased gingival fluid (8). Next there is 
reddening of the gingival margin and aggregation and enlargement of the 
blood vessels in the subepithelial connective tissue Subsequently loss of 
fibrous connective tissue is clinically presented as swelling and loss of 
texture of the free gingiva. As the clinical symptoms of chronic gingivitis 
appear rather vague and are usually painless most patients are unaware of 
the disease. Besides, dental care practitioners often underestimate them (8). 
Chronic gingivitis rarely shows spontaneous bleeding. Bleeding of the 
gingival tissues can be provoked by touching with a blunt device during 
the assessment of gingivitis or toothbrushing. Sites with regular bleeding 
demonstrate a higher risk of tooth loss than the ones bleeding occasionally 
(9). 
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Prevention of Gingivitis

Effective removal of dental plaque can prevent gingivitis (10). For 
regular personal oral hygiene toothbrushing is the most widespread means. 
There is substantial evidence showing that toothbrushing and other 
mechanical cleansing procedures can reliably control plaque, provided that 
cleaning is sufficiently thorough and performed at appropriate intervals 
(11). 

It has been shown that individuals benefit from good oral hygiene 
(12-18). However, the effect of daily oral care on the prevention of 
periodontitis has not yet been evidently proven. It is still unclear, whether 
or not a health benefit results from professional mechanical plaque 
removal, oral hygiene instructions or their combination (12-15, 19). 
Repeated oral hygiene instructions seem to result in a similar benefit as 
repeated professional mechanical plaque removal (19, 20).

Oral Hygiene

Natural physiological forces and masticatory patterns can influence 
the plaque growth in the human dentition. This effect is however limited to 
regions less at risk for periodontal diseases such as incisal and occlusal 
areas. The tongue movement especially its rough dorsum appears to 
support the removal of plaque on the lingual surfaces and to a lesser extent 
on the buccal aspects of the posterior teeth. The cheeks might help to limit 
the plaque growth on the buccal surfaces of the posterior teeth. Saliva 
might have a limited effect on cleaning debris from interproximal spaces 
and occlusal pits, but it is less effective in removing and ⁄ or washing out 
plaque. As these natural cleaning mechanisms are insufficient with respect 
to the prevention of inflammation, the periodontium seems to be primarily 
influenced by the quality and precision of mechanical plaque control (4, 21).

How often teeth have to be brushed and how much plaque should be 
eliminated in order to prevent periodontal disease is not known (10). In 
daily practice it is generally recommended to brush twice-daily with a 
fluoride containing toothpaste for 2 minutes (22) in order to eliminate 
plaque, to prevent caries and to give a feeling of oral freshness (21). 

!12

1



However, patients with periodontitis are likely to need more than 
two minutes (4).

According to long-term cohort studies an improved oral hygiene in 
the population seems to correlate with a decreased prevalence of 
periodontitis (23-25). Correspondingly, two long-term studies in Sweden 
and Norway respectively demonstrated over the last 30 years a reduction of 
plaque and gingivitis parameters and, concomitant, the prevalence of 
periodontitis decreased as well as the amount of alveolar bone loss. 
Furthermore the number of retained molars increased in all age groups 
between 20 and 80 years during this period of observation according to the 
so-called Jönköping study (23, 25). A similar study carried out in Norway 
over the same period demonstrated corresponding results for individuals 
aged 35 years (24). Although these long-term studies suppose a correlation 
of good oral hygiene and stable oral conditions, a control group without 
any preventive measurements is missing in order to assess the significance 
of daily and professional oral care. It seems most likely that improved oral 
hygiene helps to prevent gingivitis and thereby the transition from 
gingivitis to periodontitis (26). Consequently long-term clinical studies to 
assess the effect of plaque removal on prevention of periodontal diseases 
without oral hygiene as a negative control is unethical.

Toothbrushing: Efficacy and Safety

Without doubt utilization of a toothbrush is essential to efficiently 
remove plaque. Manual toothbrushes are available in different designs, 
varying in shape of the handle, brush head, arrangement of bristles and 
filament shapes. Handles might be ergonomically designed and its shape 
might be tailored to suit a particular brushing technique. The brush head is 
continuously under development in order to improve the effectiveness. A 
majority of the population, e.g. 80-90% of the Germans claim to brush their 
teeth twice daily for 2 minutes (27). The effectiveness of toothbrushing, 
however, appears not to be as effective as might conclusively be suspected. 
Success of toothbrushing still seems mainly to be determined by the users 
dexterity and consciousness (11). Developments in design and function of 
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the toothbrushes have been demonstrated to influence the brushing 
efficiency (28).

Due to the cleaning performance and the user-friendly practicability 
power toothbrushes are becoming more and more popular. In Germany for 
example 36% of children, 39% of adults and 18% of seniors use a powered 
toothbrush. Today power toothbrushes in particular rotating oscillating 
toothbrushes seem to be superior to manual toothbrushes (11, 29). A recent 
meta-analysis of the Cochrane Collaboration could demonstrate a superior 
reduction in the Plaque Index score in short-term (study duration 1-3 
months) of 11% and in long-term (>3 months) of 21% of oscillating-rotating 
toothbrushes (29). Similar results were demonstrated for parameters of 
gingivitis which improved by 6% in short-term and by 11% in long-term. 
However the clinical consequences to the patient like prevention of caries 
or periodontitis remain unclear. Whether power brushes bare additional 
risks is widely discussed. 

In general the data to support or refute the association between 
toothbrushing and traumatizing hard and soft tissues is largely 
inconclusive (30). A large body of published research in the preceding two 
decades has consistently shown oscillating-rotating toothbrushes to be as 
safe as manual toothbrushes, demonstrating that these power toothbrushes 
do not pose a clinically relevant concern to hard or soft tissues (31). Meta-
analysis showed that the mean change in gingival recession was not 
significantly different in participants brushing with an oscillating–rotating 
power brush compared to participants brushing with a manual toothbrush. 
Long-term data however are scarce. In order to compare the efficacy and 
safety of different power toothbrushes further research is required (11, 29). 

Interdental Oral Hygiene

Interdental surfaces of molars and premolars are the primary 
predisposing sites for plaque adhesion. As these surfaces cannot be 
efficiently reached by the toothbrush and are not easily visible, caries and 
periodontitis is developing here more often than on facial sites (32, 33). 
Thorough intense interdental cleaning shall therefore be a principle goal of 
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daily oral care as it helps to reduce the extension and severity of 
periodontal disease (34). Numerous devices for self-care interdental 
cleaning like dental-floss, interdental brushes and woodsticks are available 
on the market. The great variety of products makes it difficult for the 
patient to choose the most appropriate device. Even for the dental care 
professional to recommend the most appropriate one is not so obvious. The 
choice of the inter-dental cleaning product is usually made individually 
depending on the patient preferences and the expected likelihood of using 
it as well as on the size and shade of the interdental space, contour of the 
gingiva, tooth alignment, dexterity and motivation of the patient. Good 
interdental oral hygiene will require a device that can penetrate between 
adjacent teeth and that is well accepted by the patient (11).Furthermore the 
choice should depend on the latest evidence. The use of interdental 
cleaning devices is still low. In Germany for example 1.4 interdental 
brushes are used per head in a year and 20.1 strings of floss are used (35). 
17% of children, 44% of adults and 15 % of seniors state to use dental floss; 
8%, 6% and 7% respectively to use interdental brushes (27). 

Dentifrices: benefits, additives, side effects

In order to support cleaning efficacy of the toothbrush, its use 
normally is combined with a dentifrice. A recent systematic review 
demonstrates that brushing with a dentifrice does not provide an added 
effect for the mechanical removal of dental plaque (36).

However, in daily practice the additional application of dentifrice has 
been proven of value as it gives the patient a feeling of oral freshness and 
allows the application of additional agents such as anticaries and anti-
inflammatory substances (37). Dentifrice traditionally contains abrasives in 
order to help remove stained pellicle and polish the teeth (38). Today, a 
silicate is most commonly incorporated. Even though the abrasiveness is 
often discussed, RDA values of up to 250 are generally accepted to be 
secure. 

The most commonly included medical active agents are fluorides. 
Brushing with a fluoride containing dentifrices reduces dental caries when 

!15

1



compared to non-fluoride dentifrices (39). Furthermore, several 
formulations with specific chemical agents for the management of plaque 
and gingivitis are marketed. When compared to negative controls only few 
of them provide statistically significant improvements in gingival, bleeding 
and plaque indices (40). 

Tin combined with fluoride (stannous fluoride, SnF2) has been used 
in dentifrice formulations since the beginning of the 1940s. Besides its caries 
preventive properties it seems to act as an anti-inflammatory. Its superiority 
with regard to parameters of plaque and gingivitis as compared to sodium 
fluoride containing dentifrice could be demonstrated in a systematic review 
(41). Triclosan introduced in the 1980s is another antimicrobial agent 
commonly used in many oral care products. Due to its antibacterial, 
antifungal and antiviral properties it is also commonly found in products 
such as acne creams, deodorants and hand soaps. Triclosan has been 
proven by systematic reviews to be beneficial with regard to parameters of 
plaque and gingivitis (42-45). However, so far no systematic review has 
compared the effects of stannous fluoride against triclosan containing 
dentifrice.

In order to improve support plaque removal as well as to disperse 
the toothpaste product in the mouth by a foaming effect, detergents (or 
surfactants) are frequently added to dentifrice. Early versions of dentifrices 
contained soap and were usually powders (46). During the 1850s a so-
called Crème Dentifrice was developed. Since 1945 soap was replaced by 
other ingredients to make the paste into a smooth paste or emulsion. Today 
the most widely used detergent is sodium lauryl sulphate. However, it is 
unclear whether the foaming effect improves the plaque reduction or rather 
patient acceptance.

Toothbrushing instruction: Methods

Millions of oral hygiene instructions are given each day by dental 
care professionals. However, these recommendations vary largely 
depending on the individual dental professional, dental associations, 
dentifrice and toothbrush company and dental textbook (47). Good oral 
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hygiene requires a highly motivated patient who is individually instructed 
in order to change behaviour sustainably as well as good knowledge of the 
most effective methods of plaque removal from the marginal, sub-marginal 
and interproximal areas of teeth (48). Above all the advices have to be 
implemented by the patient’s daily routine. Therefore, current individual 
habits and personal skills should be considered.

A variety of methods can be used to deliver advice and instructions. 
Instructions can be given for example during one visit only or step-by-step 
over several visits. Furthermore they can be provided through the use of 
pamphlets or videotapes or through personal instruction given by a dental 
professional. Instructions following an instructional video for example 
seems to improve the efficacy of plaque removal more than receiving 
written instructions (49).

Guidelines

Successful oral hygiene should rely on the current best available 
evidence (11). Hence evidence based findings considering the therapeutic 
question have to be established and be easily available to the clinician. In 
this respect a syntheses (systematic review) of all the original single studies 
on the focused question is valuable to the clinician (50). Summarizing the 
results from different trials provides a more sophisticated information 
service in the topic area of concern (51). To further support the clinical 
action that matches the patient’s specific circumstances the findings of 
high-quality systematic reviews can be summarized in a meta-review (52). 
Thereby, the completeness of the available evidence can be ascertained (53) 
and methodological quality of the synthesis and the clinical applicability of 
its findings be assessed (52). Thus it helps the clinician to find in timesaving 
manner high quality information.

For example a meta-review might facilitate the dental care provider 
to select from the numerous products currently available few suitable oral 
hygiene devices and dentifrice for the individual patient. 
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In order to provide the patient with proper information during oral 
hygiene instruction sessions the dental care provider should understand 
the advantages and disadvantages of the various oral hygiene devices (54).

Purpose of this thesis

This thesis will investigate several aspects of modern oral hygiene 
devices and dentifrices concerning the efficacy, risks and patient 
acceptance.

Specific questions to be answered will be:
1. Can the efficacy of plaque removal be influenced by a toothbrush 

education via a smart software visualization system? (Chapter 2) 
2. What is the risk to develop gingival recessions when using a power 

toothbrush as compared to a manual toothbrush? (Chapter 3)
3. What is the effect of mechanical inter-dental plaque removal in 

addition to toothbrushing, on managing gingivitis using various 
formats of inter-dental self-care in adults based on evidence 
gathered from existing systematic reviews? (Chapter 4) 

4. What is the effect of a triclosan containing dentifrice on parameters 
of gingivitis and plaque as compared to a stannous fluoride 
containing dentifrice? (Chapter 5)

5. What is the effect of a sodium lauryl sulphate free dentifrice on 
dental plaque, gingivitis and gingival abrasion scores as compared 
to a dentifrice containing sodium lauryl sulphate? How is it 
appreciated by the patient? (Chapter 6 a+b)
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Toothbrushing Education via a Smart
Software Visualization System
Christian Graetz,* Jule Bielfeldt,* Lars Wolff,† Claudia Springer,* Karim M. Fawzy El-Sayed,*
Sonja Sälzer,* Sabah Badri-Höher,† and Christof E. Dörfer*

Background: The aim of this study is to evaluate the ef-
ficiency of a recently developed smart digital toothbrush
monitoring and training system (DTS) in terms of correct
brushing motion and grip axis orientation in an at-home
environment.

Methods: Twenty-one participants (11 test individuals
[DTSG] and 10 control individuals [COG]) received instruc-
tions on the modified Bass technique (MBT) after their
toothbrushing performance was monitored and they re-
ceived professional tooth cleaning (T0). After 36 hours
(T1), without mechanical oral hygiene measures, plaque and
gingival indices were recorded, and the brushing technique
was reviewed. After randomization, participants individually
performed oral hygiene for 6 weeks (T2) with the provided
oral hygiene kits. The DTSG group additionally used DTS.
During the following 8 weeks (T3), participants used their
original brushing devices without any additional interfer-
ence. Investigators at each visit were masked regarding
group identity. Data were statistically evaluated using
Mann-Whitney U, Friedman, Wilcoxon, and paired tests
and Pearson correlation.

Results: At T0, 27.27% of DTSG participants used the
MBT correctly (COG, 50%), increasing to 54.55% (COG,
60%) after professional instruction (T1) and further to
90.91% at T2 (COG, 60%) (P <0.001). Plaque scores were
reduced in DTSG (P <0.05). At T3, 80% of the DTSG
(COG, 40%) totally adopted the MBT (P <0.05). The plaque
scores on buccal surfaces of the DTSG showed an addi-
tional slight improvement between T2 and T3, in contrast
to a decline on oral surfaces (P <0.001). At T2 and T3,
the DTSG brushed >120 seconds (COG, 90% and 50%)
(P <0.05).

Conclusion: Apparently, the tested DTS effectively im-
proves the brushing technique and leads to a prolonged
learning effect, including improved oral hygiene. J Peri-
odontol 2013;84:186-195.

KEY WORDS

Computers; dental plaque; dental prophylaxis; oral hygiene;
problem-based learning.

A
correct application of the tooth-
brushing technique is a major
prerequisite for good oral hy-

giene performance. Although there is
a definite consensus concerning the
need to use toothbrushes, opinions
about the design of a perfect tooth-
brush and its correct application are
diverse. Inadequate toothbrushing ac-
tions can result in gingivitis, gingival
trauma, tooth decay, or eventually tooth
loss.1 Toothbrushing at least once a day
is important to prevent tooth decay but
also to maintain a toothbrushing habit
and to promote appropriate brushing
patterns. The primary goal of any brush-
ing technique should be to allow the
patient to reach all accessible tooth sur-
faces. A secondary but equally impor-
tant goal is enabling the patient to
prevent trauma from brushing. The
Bass brushing technique was shown to
be superior in terms of cleaning tooth
sites adjacent to the gingival tissue on
lingual and facial surfaces.2 The modi-
fied Bass technique (MBT) seemed
significantly effective in removing su-
pragingival plaque, thereby improving
the level of oral hygiene,3 with little soft-
tissue damage observed.4

Several studies have previously tried
to provide methods for evaluating brush-
ing techniques in terms of brush motion
action.5-7 A particular study8 recently at-
tempted to present a visual image of
brushing patterns in real time. In the cur-
rent pilot study, we implement a digital
toothbrush monitoring and training

* Clinic of Conservative Dentistry and Periodontology, Christian Albrechts University, Kiel,
Germany.

† Institute of Communications Technology and Microelectronics, University of Applied
Sciences, Kiel, Germany.

doi: 10.1902/jop.2012.110675
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system (DTS) to estimate brushing motions by
analyzing the signals generated from a built-in
accelerometer in a modified toothbrush holder. Our
interactive smart software was developed to gener-
ate a visual image of a patient’s brushing patterns
and to recommend the correct toothbrushing be-
havior when necessary.

MATERIALS AND METHODS

The Ethical Committee of the Christian Albrechts
University, Kiel, Germany, approved the protocol of
the present study (AZ 149/10). The trial was planned
as a prospective, single-center, single-masked study
with an overall observation period of 14 weeks. Par-
ticipants were recruited by notices on news boards
from March 2011 to April 2011 and were all dental
students in their first and second semester at the
Christian Albrechts University. Because of the pilot
character of the study and a limited number of DTS
prototypes, no sample size calculation was per-
formed. All participants were given oral and written
information about the products and the purpose of
the study. Participants provided written consent to
participate in this study. The inclusion criteria were as
follows: 1) 18 to 30 years old; 2) dentition with ‡20
teeth and without any fixed prosthetic restorations;
3) good general health; and 4) basic technical
knowledge on using a personal computer. Exclusion
criteriawere as follows: 1) serious diseases; 2) active
periodontitis orahistoryofperiodontitis;3)periodontal
screening index (PSI) ‡3;9 4) oral removable or fixed
prostheses or orthodontic appliances; 5) allergies to
dental materials; 6) smoking habit; and 7) physical
disability with a potential influence on oral hygiene
performance.

After screening 28 participants, the first 21 par-
ticipants who met all the necessary criteria were in-
cluded in the study. Twenty-one individuals (4 males
and seven females in test group [DTSG] and two
males and eight females in control group [COG],
aged 20 to 29 years; mean age: 22.70 – 2.87
years) participated in the present study. Randomi-
zation of the 21 participants was performed using
computer-generated random numbers.

The study comprised a total of four visits for each
participant at the Department of Conservative
Dentistry and Periodontology at the Christian Al-
brechts University (Fig. 1). At time T0 (May 2011),
participants were instructed in a definitive brushing
sequence (Fig. 2A) and in the MBT as follows.10

Brushing started orally in the left mandible and con-
tinued to all oral sites in the lower jaw following the
maxilla (steps 1 to 4). Subsequently, all buccal sites
(steps 5 to 8) and finally all occlusal sites were brushed
(steps 9 and 10). A standardized text and illustrations
were used for the instruction of all participants.

Participants were tutored that oral hygiene should
take £3 minutes. At the second visit (T1), verbal in-
struction was supported by demonstrations on a model
and in the mouth for both groups. In the COG, no addi-
tional dental hygiene instructions were given. The par-
ticipants of the DTSG were directed to use the digital
device every day to guide their toothbrushing perfor-
mance during the observation time of 6 weeks.

All participants used manual toothbrushes‡ with
the modified extra grip§ during the observation time
(T1 to T2). The toothbrushes had narrow, tapered
brush heads with medium-hard, end-rounded plastic
filaments. A toothpaste containing fluoridei was pro-
vided for every participant.

The correctness of the MBT was described by a
score that was calculated by summation of indi-
vidual scores for the toothbrush–tooth angle, type
of motion, and brushing time. One single inves-
tigator (JB) recorded technique scores at all four
visits performed from all participants with their own
manual toothbrushes in front of a mirror.

The scoring system was as follows:
a) scores for the angle: 0 = angle of the toothbrush–

tooth axis >60�, 1 = angle of the toothbrush–tooth
axis <30�, and 2 = angle of the toothbrush–tooth
axis 40� to 50�; b) scores for the motion: 0 = inade-
quate back-and-forth movement, 1 = occasional
inadequate back-and-forth movement, 2 = predom-
inant circling movement, and 3 = circling movement,
additional wiping out was correctly performed; c) scores
for toothbrushingduration:0=£120seconds, 1 =121 to
179 seconds, and 2 = ‡180 seconds.

The mean technique adoption score for MBT was
subsequently deduced from the sum of the three
scores calculated for each participant:11 1) scores
0 to 3 = ‘‘technique not adopted’’ (inadequate back-
and-forth movement, incorrect wiping out, no right
angle between the tooth surface and toothbrush,
and <120-second duration); 2) score 4 = ‘‘technique
partially adopted’’ (either the back-and-forth move-
ment or the wiping out was correctly performed
and 120- to 180-second duration); and 3) scores 5
to 7 = ‘‘technique totally adopted’’ (the horizontal as
well as the vertical movements were correctly per-
formed in terms of sequence and direction, the angle
between tooth and toothbrush was correct, and
>180-second duration).

Explanation of the Electronic Toothbrush Motion
Monitoring
The newly developed toothbrush monitoring sys-
tem provided sensory information concerning the
orientation and linear displacement of toothbrush

‡ TePe Select medium, TePe Mundhygieneprodukter, Hamburg, Germany
§ Extra Grip, TePe Mundhygieneprodukter.
i blend-a-med Pro Expert, Procter & Gamble, Weybridge, UK.
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actions. Orientation and back-and-forth displace-
ment of the toothbrush were measured by a com-
bined three-axis accelerometer¶ with a resolution
of 0.0074 m/s2. Figure 2B shows the waterproof
toothbrush prototype with the accelerometer sen-
sor coordinates overlaid on the toothbrush. The
gravitational acceleration is labeled ‘‘G’’ and is ver-
tical to the earth’s surface. It divides the angle corre-
sponding to the two components x and z. From the
two measured accelerations ax and az, the angle is
calculated. Information about the acceleration is
transmitted to a personal computer by a universal
serial bus cable. The acceleration values are finally
documented at fixed intervals and saved in a chro-
nologic file. The participant’s head inclination is de-
tected by a tilt/inclination value.# This sensor is
incorporated in the horizontal bar of an eyeglass
frame** and is, therefore, able to detect the incli-
nation of the head in three axes. During brushing at
home, the participant used the DTS software built-in
webcams as a digital mirror without recording.

Digital Evaluation of Toothbrushing Process With
the DTS
The evaluation of the brushing process was divided
into several subtasks. First, the data were filtered with
the aim of eliminating distracting signals occurring
from interference by other electronic devices or from
the measurement itself. Subsequently, the angle to
the tooth surface was calculated, and the brushing
process was segmented. The segmentation was ini-
tiated by turning the brush from one segment to the
next. All of the 10 segments were evaluated (Fig. 2A),
similar to the instructed brushing sequence for all
participants.

The anterior teeth area was not evaluated. The
given order of the brushing sequence had to be fol-
lowed (Fig. 2A) because otherwise the segmenta-
tion would not have worked. The cleaning order was
illustrated visually and acoustically in real time. The

Figure 1.
Flowchart of the study procedures.

¶ OAK G 3-Axes Acceleration Sensor, Toradex, Horw, Switzerland.
# OAK G 3-Axes Tilt/Inclination, Toradex.
** Uvex Super G, Uvex Winter Holding, Fürth, Germany.
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analyzing software allowed calibration of all param-
eters individually. Hence, movements of the tooth-
brush and different brushing techniques were specified.

Data Management and Statistical Analyses
Data were organized in a database file†† for all par-
ticipants. After rendering all data anonymous, they
were exported into a separate dataset for statistical
analysis. All statistical procedures were performed
with statistical software.‡‡ Comparisons between the
DTSG and COG, as well as during the observation
time for plaque, MBT scores, gingival index (GI), and
PSI were performed using the Mann-Whitney U,
Friedman, and Wilcoxon tests and for brushing du-
ration and gingival damage using the paired t test.
A Pearson correlation was performed for MBT scores
and gingival damage. Statistical significance was set
at P <0.05.

For the current study, the following data were
evaluated: 1) age; 2) sex; 3) PSI;9 4) modified full-
mouth plaque scores;12,13 5) GI;14 6) presence of soft-
tissue lesion (length of £5 or >5 mm); 7) brushing

time; and 8) brushing tech-
nique. At T0, T2, and T3, tooth-
brushing duration was covertly
observed. Three clinically ex-
perienced investigators per-
formed investigation and data
evaluation. Investigator JB was
responsible for the initial tooth
cleaning and the instruction,
investigator CG recorded the
brushing technique, and in-
vestigator CS was responsible
for recording the clinical in-
dices. All examiners were care-
fully trained and standardized.
CS is an experienced practic-
ing dentist who has partici-
pated in several other brushing
technique studies. The assess-
ment of the toothbrushing
technique (MBT) by CG was
standardized through the eval-
uation of 20 videos of the par-
ticipants brushing their teeth.
This process was repeated by
a second investigator (JB).
Intra-examiner reproducibility
was almost perfect; repeated
assessment of the 20 videos
revealed k = 0.91 (P £0.001) for
score classification of brushing
technique (MBT).

The evaluation was per-
formed in a single-masked

manner because investigators did not know the
group designation of each participant.

RESULTS

A total of 20 participants (95.24%) completed the
study. For unknown reasons, one participant in the
test group failed to complete the study. All partici-
pants were right-handed. The individual PSI and
GI, as basic periodontal parameters, were measured
at the different time points (Table 1). For the GI and
PSI at T0 and at all the following time points, no sig-
nificant differences were observed between DTSG
and COG, although at T1, significantly more partic-
ipants in both groups showed a better PSI score
36 hours after professional tooth cleaning at T0
(P <0.05).

Brushing Technique
At T0, three of the DTSG participants (27.27%) used
the MBT, which rose to six (57.14%) 36 hours after the

Figure 2.
A) Toothbrushing sequence. The correct order is indicated by Arabic numbers.10 B) A manual toothbrush
plugged into the toothbrush handlewith the embedded three-axis accelerometer sensor. Coordinates of the
accelerometer (X, Z, and G axes) were overlaid on the toothbrush.

†† FileMaker Pro v.10, FileMaker, Santa Clara, CA.
‡‡ SPSS v.16.0 for Windows, IBM, Chicago, IL.
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first instruction and mo-
tivation (T1), whereas in
COG, five (50%) rising to
six (60%) used it,
respectively (see Fig.
4B). After 6 weeks of
toothbrushing (T2),
90.91% of DTSG, in
contrast to 60% of the
COG group, fully per-
formed the MBT. During
this interval, two partici-
pants of COG improved,
whereas two other COG
participants decreased
their brushing scores
(Fig. 3A). In DTSG,
eight participants im-
proved their brushing
technique scores: two
of them only improved
their MBT level, MBT
was unchanged for two
participants, and a de-
crease in the brushing
level for MBT was noted
for one participant. Com-
pared to baseline, 20%
of COG and 72.73% of
DTSG improved their
brushing (P <0.001). At
T3, 40% of COG and
80% of DTSG to-
tally adopted the tech-
nique (P <0.05) (Fig.
3B).

Brushing Time
At baseline (T0), only
one participant (10%) in
the COG brushed in
<120 seconds, 63.64%
of the DTSG partic-
ipants used the tooth-
brush for 120 to 180
seconds (60% in the
COG), and 27.27%
(30%) brushed for >180
seconds.AtT1,afteroral
and leaflet instruc-
tion, all DTSG partici-
pants brushed their
teeth for 180.55 – 1.81
seconds (COG, 180.80 –
0.63 seconds) under
supervision. After theT
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observation period at T2, all DTSG participants
brushed for ‡120 seconds (one participant in COG)
(Fig. 3C). The brushing time for DTSG participants
was significantly longer, with a mean of 213.82 – 57.11
seconds compared to COG, with a mean of 162.11 –
43.30 seconds (P <0.05). Eight weeks later (T3), all
participants in DTSG continued to brush for >120
seconds compared to 50% in theCOG(Fig. 3D). The
mean brushing time of 163.70 – 21.92 seconds
in DTSG at T3 was significantly lower than T2
(P <0.05). No differences were noted between both
groups at T0, T1, and T3 (Table 1).

Soft-Tissue Damage
At T0, five participants in the DTSG and four par-
ticipants in the COG showed soft-tissue damage
£5 mm, with one in each group showing ‡5 mm.
Without any mechanical oral hygiene for 36 hours
at T1, three DTSG participants and four COG par-
ticipants showed soft-tissue damage £5 mm
(P <0.05). At T2, statistically significantly (P <0.05)
more participants in DTSG (eight participants)
damaged their tissues with lesions £5 mm during the
observation time of 6 weeks compared to the COG
(two participants). The same number, six partici-
pants for DTSG and two participants in the COG,
demonstrated soft-tissue lesions at T3 after using
their own toothbrushes (Fig. 4A). No participant in

either group showed soft-tissue lesions ‡5 mm at T1,
T2, or T3.

Effectiveness of the MBT
The mean plaque scores on the oral and buccal
surfaces of the DTSG were significantly lower at T2
compared to T1 (buccal, P <0.05; oral, P <0.001),
whereas for the COG, no significant reductions were
noted (Table 2). The mean plaque scores on the
mesial, middle, and distal buccal surfaces were sig-
nificantly lower at the second examination compared
to T1 for the DTSG (P <0.001). From T1 to T2, a non-
significant reduction of plaque on the oral middle
surface was noted. During the observational period
(T2 to T3), the plaque score measured at all oral
surfaces in the DTSG improved (P <0.05). In the
COG, no participant demonstrated any significant
improvement of the plaque score.

DISCUSSION

Ideally, toothbrushing should result in optimal pla-
que elimination. In this context, the expressions
‘‘optimal’’ and ‘‘complete’’ should be differentiated.
Achieving an optimal result depends on the in-
dividual motivation and manual skills, as well as on
the complexity of the dentition. The latter makes
complete plaque elimination generally impossible.
Nevertheless, a good technique is regarded as

Figure 3.
Worsened, stable, and improvement ofMBT scores at different timepoints.MBT scores for DTSGandCOGduring the observation times T1 to T2 (A) and T1
to T3 (B). Worsened, stable, and improvement of brushing time at different time points. Brushing time for DTSG and COG during the observation times T1
to T2 (C) and T1 to T3 (D).
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necessary. The notion that females are more aware
of oral hygiene and also more motivated and skill-
ful has been controversially discussed.15-17 How-
ever, because of an unequal sex distribution and a
generally low number of participants, this notion
is not evaluated in the present study.

Toothbrushing Duration
It has been proposed that the main cause of in-
sufficient oral hygiene in the general population is
a result of too short brushing time.18 However,
changing the behavior in this regard seems to be
very difficult.19 The commonly recommended tooth-
brushing time varies from 120 seconds (United

States) and 180 seconds (Europe). An optimal result
seems to be achievable after 3 minutes of manual
brushing, as shown by van der Weijden et al.20 The
major effect of brushing on plaque reduction is reach-
ed after 30 to 45 seconds of brushing per quadrant,
resulting in a total brushing duration of 2 to 3 min-
utes. Manual brushing for a longer period did not lead
to any significant improvement,20 and a brushing
duration of >3 minutes is usually not achieved in daily
life.21 In fact, in several studies, the mean controlled
brushing duration, without a timing device, was <60
seconds.17,22,23

Regarding brushing time, in the current pilot
study, an increase is noted for all groups. However,

Figure 4.
Soft-tissue damage andMBT.A)Number of sites with soft-tissue damage in relation to the number of participants inDTSGand COGat different observation
times. B) Number of participants performing MBT in DTSG and COG at different observation times.

Table 2.

Plaque Index on all Buccal and Oral Surfaces During Observation Times T1, T2, and T3 in
DTSG and COG

Interactive Toothbrushing Education by Smart Digital System Volume 84 • Number 2

192

2



34

only participants in the DTSG demonstrated a sta-
tistically significant improvement in brushing time,
with a mean of 33.27 – 56.96 seconds (P <0.05),
which might be attributable to the given time interval
of 40 seconds. In both groups, the brushing time was
reduced from T2 to T3. However, after the period of
observation, 10 participants (100%) of the DTSG, in
contrast to five participants (50%) of the COG,
brushed for 120 to 180 seconds. This significant
difference (P <0.05) might be explained by the
Hawthorne effect of the relationship of behavioral
changes to the awareness of participating in a study.
Feil et al.24 and Aass and Gjermo25 have shown that
the Hawthorne effect can account for £25% of any
noted improvement. The observed change in brush-
ing time of 33% (60 seconds) lies above what would
be expected by the Hawthorne effect. The results for
the intensively instructed participants demonstrated
that 100% (n = 10) of the participants maintained the
recommended brushing time even 2 months after
the observation time, emphasizing the importance of
education. In this context, it should be remembered
that, although all participants were dental students
with high motivation in oral hygiene performance
(baseline very low plaque level, mean brushing time
>120 seconds), the DTS still significantly improved
their toothbrushing behavior. Nevertheless, the
sample remained small because of the pilot char-
acter of the study. In contrast, patients in the gen-
eral population usually believe that they spend
more time on brushing than they actually do.17,26

With newly designed tools, such as displays for the
time brushed27 or the DTS presented, it seems pos-
sible to motivate young adults to apply more thor-
ough oral care.

Toothbrushing Technique
With the growing awareness of the difficulties in
changing behavior came the reflection on devices
for oral hygiene technique optimization. Since the
introduction of powered toothbrushes, there have
been no additional developments leading to a con-
siderable improvement.28 During this time, only the
display visualizing the brushing time, brushing or-
der, and application pressure of electric brushes
seemed to be of importance.27 Oral hygiene per-
formance findings presented by Schlueter et al.11

indicated the need to improve instructional strate-
gies. They hypothesized that it would be important
to consider findings from sports and cognitive brain
research fields. The combination of technique de-
monstration and instruction by means of leaflets on
brushing sequence seemed to be the most promising
for teaching dental hygiene practices, at least in the
population studied.

It was generally assumed that, for a right-handed
participant, the right side of the jaw is more difficult
to brush than the left side.11 Our results failed to
show this effect, perhaps because of the limited
number of selective participants in this pilot study.
Furthermore, the frequently reported differences in
the plaque scores between lingual and buccal sites
could not be demonstrated.11 With our instructed
brushing sequence, it might have been even easier
to obtain a better control over the lingual sites,10 as
reflected by lower median plaque scores at T1 and
T2 on mid-lingual compared to mid-buccal sites
(Table 2). However, regarding the pilot character of
the study and the limited duration of the monitoring
phase, it is not possible to finally state the clinical
relevance. Additional clinical studies with longer
observation phases and additional clinical parame-
ters regarding efficiency of oral hygiene could help
to discuss this point and strengthen our findings of
aiding users to establish a proper brushing technique.

MBT and Tissue Damage
Angling the brush at 45�, as required by the Bass
technique,29 allows the brush to enter into the in-
terdental embrasures. Rotating and jiggling move-
ments as well as an adequate duration are required
to achieve a good cleaning effect.

What would happen, however, if the technique
was perfectly performed? Daprile et al.30 reported
that in a group of young adults with a good standard
of oral hygiene during a 5-year observation time,
the use of complex brushing techniques (Bass or
roll techniques) increased tissue damage. Checchi
et al.31 showed in a multiple regression analysis that
the level of education was the strongest significant
contributor to recession, although brushing fre-
quency and an incorrect toothbrushing technique
were contributors. Neither the toothbrush type32-34

nor the toothbrushing frequency35,36 were signifi-
cant risk factors. The same fact was confirmed in
the present pilot study, showing that an almost
perfectly performed MBT with a medium-hard tooth-
brush leads to significantly reduced plaque levels
on one hand but to significantly increased gingival
damage on the other hand (P <0.05). The frequently
discussed brushing duration as a significant con-
tributor to gingival damage was not substantiated
in the current study according to a multi-regression
analysis. These observations suggested that the soft-
tissue injury risk was considerably influenced by
additional variables. In this context, special care
should be taken during any training and instruction
procedure for patients with overly vigorous oral
hygiene habits to avoid oral soft-tissue damage and
dental hard-tissue loss.37
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It remains open whether the tissue damage seen
in this study is related to the MBT itself or the pres-
sure applied by the participant, which was not con-
trolled in this study. It might be hypothesized that
gingival trauma could be avoided either by applying
only gentle pressure or preventing the transformation
of the typical circular movements to scrubbing mo-
tions while using the MBT. This needs to be analyzed in
larger future studies with non-professional participants.

Toothbrushing Sequence
Considering the brushing sequence, differences be-
tween both groups for adopting the instructed se-
quence were statistically different at T2, with the
brushing sequence adopted less frequently during
daily use for the DTSG compared with COG with
only one professional motivation and instruction
at baseline. Still, after 8 weeks without the help of
the DTS, twice as many of the participants in the
DTSG followed the desired sequence, which could
be explained by the assumption that the daily re-
peated exercise for 6 weeks resulted in a behav-
ioral change.

Schlueter et al.11 postulated that the main prob-
lems regarding brushing sequence were finding the
right starting point and correctly performing the first
steps. Sixty-eight percent of the participants started
in the right position. They requested that the right
starting point and the first switch between the jaws
should be explained more explicitly. Similar results
were shown by Janusz et al.27 Fifty-eight partici-
pants used powered brushes alone or powered
brushes with a wireless display for 30 days at home.
Participants using the powered brushes with the
wireless display showed a statistically significant
increase in brushing efficiency on the lingual/buccal
surfaces relative to baseline.27 Ganss et al.17 showed
a relationship between application pressure, brush-
ing duration, and motion to the brushing technique.
The study demonstrated that only some patients
(25%) were able to perform a correct brushing tech-
nique without instruction. The DTS seemed to solve
this problem easily because �80% (n = 8) of the
DTSG participants continued to use the instructed
sequence after 2 months even without the system
or any other brushing instruction.

Several studies used observation techniques in
a clinical environment,17,38 but participants might
have been influenced by the awareness of being
filmed. Mierau et al.39 showed that minor variations
in brushing time and technique might remain through
several periods of observation. As shown by the
present data, this might be minimized by the
DTS because the relevant brushing data can be re-
corded in a domestic environment without any ob-
servation influence. The need for a greater sample

size (minimum n = 90) in appropriately designed
long-term studies, however, remains.40

CONCLUSIONS

Even in the special, relatively selective group re-
cruited for this pilot study, most of the participants
using the DTS adopt the designated MBT and brush-
ing sequence for a prolonged term, even after dis-
continuing the use of the device. The reasons for the
detected increase of gingival trauma could not be
identified yet. The present findings underline the
importance of sufficient professional support to es-
tablish a specific brushing technique appropriate for
each patient’s respective needs. It seems that the use
of DTS can be successfully incorporated in patients’
home care routines to improve brushing technique
and thoroughness with a prolonged effect even after
6 weeks. Nevertheless, long-term studies still need
to be conducted.
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Effect of a Multidirectional Power
Toothbrush and a Manual Toothbrush
in Individuals Susceptible to Gingival
Recession: A 12-Month Randomized
Controlled Clinical Study
Sonja Sälzer,* Christian Graetz,* Anna Plaumann,* Nora Heinevetter,* Julie Grender,† Malgorzata
Klukowska,† Christian Andres Schneider,* Claudia Springer,* Fridus A. Van der Weijden,‡

and Christof E. Dörfer*

Background: Clinical studies have explored the relation-
ship between toothbrushing and development of gingival
recession (GR), but relevant GR data for the multidirectional
power toothbrush (PT) are lacking. The aim of this study is to
evaluate the effect of brushing with either a multidirectional
PT or American Dental Association reference manual tooth-
brush (MT) on mid-buccal preexisting GR (PreGR) during 12
months.

Methods: This was a 12-month prospective, single-masked,
parallel-group, randomized, controlled clinical study. Healthy
participants without periodontitis with at least two teeth showing
PreGR ‡2 mm were randomized to a group brushing with either
an MT or PT. The primary outcome parameter was change at
sites with PreGR ‡2 mm. All clinically based GR measurements
were performed by one calibrated examiner at baseline, 6, and
12 months. Secondary outcomes were changes of GR at all
mid-buccal sites (with or without PreGR), changes in percent-
age of GR sites demonstrating a change of ‡1 mm, and changes
in probing depths.

Results: A total of 107 participants completed the study (PT:
55, MT: 52). During the 12-month study period the mean reces-
sion at sites with PreGR ‡2 mm decreased significantly from 2.2
to 2.1mm in both groups (P <0.05). The extent of GR parameters
did not differ between MT and PT groups at any time point. GR
evaluated clinically and on stone casts was well correlated.

Conclusion: Neither the PT nor MT led to an increase in
PreGR during 12 months of daily use. J Periodontol 2016;87:
548-556.

KEY WORDS

Dental hygiene; evidence-based dentistry; gingival
recession; meta-analysis; oral hygiene; toothbrushing.

G
ingival recession (GR) is defined
by apical displacement of the
gingival margin relative to the

cemento-enamel junction (CEJ).1 This
leads to root exposure, which is estheti-
cally unattractive, and may eventually
result in dentine hypersensitivity and
root caries. Although pathogenesis of GR
is not fully understood, the multifactorial
etiology is distinct.1 Research indicates
that GR is associated with aging2 and is
more common in women than men.3 In
addition, a variety of: 1) anatomic, 2)
pathologic, and 3) physiologic factors
have been implicated in the etiology.1

The possible role of toothbrushing in
promoting GR is controversial.4 Tooth-
brushing with manual toothbrushes
(MTs) and power (electric) toothbrushes
(PTs) may occasionally result in gingival
abrasions,5-8 but it is not clear how such
abrasions may relate to the development
of GR.4,9 It has been shown that brushing
force is higher when using an MT.10

Studies have also shown that PT types do
not result in GR after long-term use.8,11-13

Systematic reviews have shown evidence
that PTs with oscillating-rotating action
tend to provide additional benefits com-
pared to MTs.14-17

* Clinic ofConservativeDentistry andPeriodontology, School ofOralMedicine,University of
Kiel, Kiel, Germany.

† Health Care Research Center, The Procter & Gamble Company, Mason, OH.
‡ Department of Periodontology, Academic Centre for Dentistry Amsterdam, Amsterdam,
The Netherlands.
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Recently, a multidirectional PT§ was introduced in
the United States and in Europe.18 This PT head re-
sembles an MT and is expected to be used as an MT
with manual brushing techniques. The head is com-
posed of three distinct zones, including: 1) manual-
like stationary bristles, 2) wide sweeping pulsating
bristles, and 3) a moving power tip with the intention
to optimize the accessibility to all areas of teeth.
Statistically significant greater effects have been
shown with regard to plaque and gingival parameters
for the PT brush compared to standard manual19,20

and sonic toothbrushesi in two short-term (4- to
8-week) studies.21,22 To the best of the authors’
knowledge, no studies with a duration >8 weeks have
been published to date.

Sites with existing GR are known to be more sus-
ceptible to further GR.9,23 Therefore, previous studies
compared the influence of MTs and PTs focusing on
sites with high risk and, therefore, included only patients
demonstrating localized mid-buccal preexisting GR
(PreGR).11,13 To the authors’ knowledge, no studies
have specifically evaluated the effect of a multidirec-
tional PT in participants with PreGR. Therefore, this
study examines the influence on PreGR following 12
months of toothbrushing with a PT compared to a ref-
erence MT.

MATERIALS AND METHODS

Participants and Study Design
This single-center, examiner-masked, parallel-designed,
randomized, controlled 12-month clinical study
compares the effects of toothbrushing with a PT§ to
an MT¶ on marginal gingival tissues under long-term
(12 months) twice-daily use. Clinical examinations
were performed at baseline and after 6 and 12months.
As a means of validating the clinical GR measure-
ments for quality, the relationship between clinical
data and data obtained from stone-cast replicas of GR
was also assessed. A total of 110 participants (55 in
the MT group; 55 in the PT group) were recruited in
June 2011 and randomized into the study, of which
107 (52 in the MT group;/55 in the PT group;)
completed the study (Fig. 1). Two participants (MT
group) could not return to the study center because of
relocation or scheduling conflicts. Furthermore, one
participant in the MT group declined to continue the
study because of feared perception of further GR
development. Critical individual evaluation of this
participant at the study center did not reveal any
progression. Seven individuals missed their scheduled
appointment time and therefore someone other than
the principal investigator (CG) performed the clinical
assessment. One participant was unavailable for the
6-month appointment but did attend the 12-month
assessment. Data for these 11 patients were imputed.
Demographic details of enrolled participants

(47 males and 63 females, aged 20 to 70 years;
mean age: 31.0 – 11.2 years) are in Table 1.

Study protocol was approved by the local Ethics
Committee of the Christian-Albrechts-University of
Kiel, Kiel, Germany, before the start of the study (AZ:
125/11) and registered with the US National Institutes
of Health Clinical Trials Registry (NCT02530671).
Participants were recruited from June 4 to June 16,
2011. Screening and clinical investigation of partici-
pants were performed at the Clinic of Conservative
Dentistry and Periodontology, School of Oral Medi-
cine, Christian-Albrechts-University at Kiel. To par-
ticipate in the study candidates had to demonstrate
the following inclusion criteria: 1) 18 to 70 years of
age, 2) ‡18 scorable teeth without orthodontic ap-
pliances or crowns and bridges, and 3) at least two
teeth showing GR of ‡2 mm on mid-buccal surfaces
(high-risk teeth). Exclusion criteria were evidence of:
1) neglected dental health, 2) periodontitis and/or
major hard/soft tissue lesions, 3) any physical limi-
tations or restrictions potentially interfering with nor-
mal oral hygiene, 4) therapy with any drug within 28
days prior to the study, 5) pregnancy or breast
feeding, and 6) any systemic condition or significant
illness. Dental professionals and dental students were
excluded from participation to avoid a bias due to
professional knowledge. Qualifying participants were
consecutively included and randomly assigned using
computer software# to one of the two brushing groups
(PT or MT) after having been stratified based on: 1)
baseline GR, 2) number of sites with GR, 3) sex, and
4) smoking status. The product was distributed by
study personnel (AP) not involved in the examina-
tion. Before starting the study procedure, verbal and
written information about the study protocol was
given to the participants. Based on this they had to
provide written informed consent before enrollment.

During the first visit (visit 1 = baseline) one clinical
examiner (SS), masked to the group assignment, as-
sessed the probing depth (PD) at six sites per tooth
(mesio-buccal,mid-buccal, disto-buccal, mesio-lingual,
mid-lingual, and disto-lingual). PD at every site was
measured using a 15-mm periodontal probe**
marked at each mm and measurements were
rounded off to the nearest mm. In the same pass,
clinical attachment level (CAL) was assessed and,
consequently, GR calculated as the difference of CAL
and PD. GR was assessed by the same clinical ex-
aminer (SS) at all visits with the same probe in all
cases, where the gingival margin (GM) was below the
CEJ. The site was not evaluated if the CEJ was not

§ Oral-B Deep Sweep 1000/5000 with Oral-B TriZone (test brush was
5000 model, EB30/D32), Procter & Gamble, Cincinnati, OH.

i Sonicare FlexCare, Philips Oral Healthcare, Snoqualmie, WA.
¶ American Dental Association, 46 reference flat trim brush, Chicago, IL.
# Microsoft Access, Microsoft Corporation, Redmond, WA.
** PCPUNC15, Hu-Friedy, Chicago, IL.
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clearly accessible due to abrasion or restoration.
Furthermore, mucogingival tissue was examined with
regard to abnormalities. Plaque was assessed con-
secutively by the modified Turesky-Index24 for further
analysis (AS, CG). The examiners were calibrated for
intra- and interexaminer reproducibility. Impressions
were taken of the maxilla and mandible (AS, CG). In
addition to high-precision full impressions,†† partial-
mouth impressions‡‡ were taken.

All participants were instructed verbally and in
writing by two study coordinators (AP, NH) to brush
their teeth twice daily for 2 minutes using their
habitual brushing technique with a standard so-
dium fluoride dentifrice.§§ No further advice re-
garding oral hygiene aids was given. Instructions

were provided to all participants at
baseline and each follow-up visit.

At 3- and 9-month visits,
participants returned to the clinic
and the following continuance
criteria were assessed: 1) par-
ticipation in other dental product
clinical studies; 2) use of non-
study toothbrushes or denti-
frices; 3) change of oral hygiene
habits; and 4) use of any drugs
probably leading to gum over-
growth and pregnancy or breast
feeding. At 6 and 12 months,
participants returned to the clinic
for: 1) clinical assessment and
evaluation of continuance crite-
ria, 2) an update of medical
history, and 3) an oral exami-
nation. As at the baseline visit,
PD and GR were measured at six
sites (SS) and high-precision full-
and partial-mouth impressions
were taken for quality assessment
and further analyses (AS, CG). At
the 3-, 6-, and 9-month visits,
participants returned their used
brush head or MT and tubes of
dentifrice and received a supple-
mental kit box containing their
assigned treatment products,
which would last through the
subsequent 3 months.

Clinical GR measurements
were validated by comparing
clinical evaluation of two teeth
with the largest GR with the data
obtained from stone- cast rep-
licas from high-precision full-
and part-mouth impressions.
The stone replica GR was

measured using a manual probe by one examiner
(CS) who was not the clinical examiner (SS).
Clinical examiner CS was masked with respect to
results of clinical measurements as well as to the
time point during the study protocol when impres-
sions were taken.

Statistical Analyses
The individual participant was the unit of analysis.
Mean change in PreGR of sites with initially ‡2 mm
GRwas the primary response parameter in this study.
Secondary outcome parameters were: 1) mean level

Figure 1.
Participant enrollment, allocation, follow-up, and analysis.

†† Alginoplast, Heraeus Kulzer GmbH, Hanau, Germany.
‡‡ Permadyne Penta L, 3M ESPE, Seefeld, Germany.
§§ Blendax Anti-Belag, Procter & Gamble GmbH, Schwalbach, Germany
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of GM at all mid-buccal sites with PreGR (‡1 mm), 2)
mean level of GM at all buccal sites, 3) percentage of
PreGR demonstrating a change of ‡1 mm, and 4)
mean changes in PDs. Changes from baseline to 12
months within groups were assessed using the
Wilcoxon non-parametric test for paired samples, and
between-group differences were assessed using the
non-parametric Mann-Whitney U test. Subanalyses
were performed by calculating proportions of: 1)
PreGRwith improving, unchanged, and increasing GR,
and 2) GR of different tooth types. Pearson’s product-
moment correlation coefficient was used to assess the
relationship between clinical and stone-cast replica
assessments of GR. All statistical tests were two-sided
participant-based, and P <0.05 was considered to be
significant.11 Incomplete data were imputed, whereby
the last observation was carried forward to allow for
analysis on completed participant data.

To detect a 0.1 mm difference between baseline
and final GR with 80% power with a of 0.05, a sample
size of n = 40 was calculated, based on pooled standard
deviation (SD) of 0.35 derived from a previous study.11

To account for dropouts, a sample size of ‡50 per group
was chosen.

RESULTS

Twenty-seven percent of participants in the MT group
had previously brushedwith a PT, whereas this was 51%
in the PT group.

Mean Change at Mid-Buccal Sites With PreGR
‡2 mm
PreGR values of ‡2mmwere observed at 243 sites in MT
group and at 250 sites in PT group. Mean change from

baseline to final 12-month examination in siteswith PreGR
of ‡2 mm is presented in Table 2. Statistically significant
decreases were observed in both groups (P <0.05). MT
and PT groups did not differ at any time point.

Most of the PreGR was observed in the maxilla at
the first premolars and molars (Fig. 2). In the man-
dible, no significant differences between various tooth
types were observed.

Mean Change at All Mid-Buccal Sites With PreGR
‡1 mm
Mid-buccal PreGR values of ‡1 mm were observed in
396 sites in MT group and 421 sites in PT group.
Significant improvement in PreGRwas observed for PT
group fromamean of 1.77mmat baseline to 1.56mm
at 12 months (P <0.001). However, there was no
significant change for MT group (Table 2). Mean
values did not differ between groups at any time point.

Most mid-buccal sites with PreGR remained stable
during 12 months of observation in both groups (MT
77%; PT 70%) (Fig. 3). Decrease in GR of at least
1 mm was observed in 14% of sites in the MT group
and in 24% in the PT group. Decrease of 2 mm was
observed at two sites in one patient in MT group and
in four patients in PT group on one site each. There
were no sites with a decrease >2 mm. An increase
of 1 mmwas found in 9% and 5% of sites for the MT and
PT groups, respectively. No sites with PreGR demon-
strated increase ‡2 mm or more. These changes were
not statistically significant between groups (P ‡0.5).

Overall Data
The overall buccal, approximal-buccal and mid-buccal
mean GR values also did not differ between groups

Table 1.

Baseline Demographic Characteristics of Participants Enrolled in Study

Characteristics MT (n = 55) PT (n = 55)

Overall mean

(N = 110)

Age (years)
Mean 30.0 32.0 31.0
SD 9.7 12.5 11.2
Minimum 20.0 20.0 20.0
Maximum 57.0 70.0 70.0

Sex, n (%)
Females 32 (58) 31 (56) 63 (57)
Males 23 (42) 24 (44) 47 (43)

Smoker, n (%)
Yes 7 (13) 7 (13) 14 (13)
No 48 (87) 48 (87) 96 (87)

Previously used toothbrush, n (%)
MT 40 (73) 27 (49) 67 (61)
PT 15 (27) 28 (51) 43 (39)
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(Table 2). The PT group overall
GR at buccal sites decreased
from: 1) baseline to final ex-
amination (0.18 to 0.16 mm); 2)
approximal-buccal (0.02 to 0.01
mm); and 3) mid-buccal sites
(0.50 to 0.47 mm) (P <0.05).
In contrast, mid-buccal GR in-
creased from 0.48 to 0.51 mm
in the MT group (P <0.05).
Mean GR values were signifi-
cantly greater at mid-buccal
sites compared to approximal-
buccal sites at all assessments
(P <0.001).

Mean baseline PD was shal-
low and did not change signifi-
cantly within each group during
the 12 months of observation.
Mean values differed significantly
between MT and PT groups only
at the 6-month observation
(1.95 versus 1.87 mm; P <0.05)
as shown in Table 2.

Correlation of Clinical GR
Assessments Compared to
Measurements on Stone-
Cast Replicas
Two teeth with PreGR ‡2 mm
were selected to compare
clinical GR assessments with
stone-cast replica assessments
at baseline and after 6 and 12
months. The number of docu-
mented GRs at the three time
points ranged from 198 to 201.
Clinically evaluated buccal GR
of these high-risk teeth dem-
onstrated numerically higher
values compared to those
measured on cast models.
Mean GR (– SD) measured
clinically and on cast replicas,
respectively, was 2.29 (– 0.60)
and 2.07 (– 0.78) at baseline;
2.29 (– 0.59) and 2.07 (– 0.71)
at 6 months; and 2.27 (– 0.57)
and 2.10 (– 0.57) at 12
months. Data evaluated clini-
cally and on stone casts cor-
related well as shown by the
Pearson correlation coefficient;
values were 0.643 at baseline,
0.690 at 6 months, and 0.669
at 12 months (Fig. 4).T
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DISCUSSION

Theprimary aimof the present study compares changes
in PreGR ‡2 mm after using a PT during a period of 12
months compared to the use of anMT. Furthermore, the
effect on all buccal sites and on PreGRwas analyzed as a
secondary outcome. PD levels were evaluated to ex-
clude concomitant periodontal deterioration. Compar-
ing mean GR at baseline and 6 and 12 months, no
significant differences were observed between MT
and PT groups, either for preexisting or for overall GR. To
the authors’ knowledge, these are the first data to be
presented on the influence of themultidirectional PT with
respect to GR. Results appear to be in agreement with
previous results on oscillating rotating toothbrushes

as presented in a systematic re-
view25 and five long-term studies
on various PT types demonstrat-
ing that changes in GR are not
different from an MT.8,11-13,26

In the present study, evaluat-
ing the development of GR dur-
ing 12 months of observation
within groups, sites with initial
mid-buccal GR ‡2 mm demon-
strated a slight statistically sig-
nificant decrease during the
12-month period in both groups
(2.2 to 2.1 mm, P <0.05). Re-
garding all PreGR, there was
a significant improvement only in
the PT group (1.8 to 1.6 mm;
P <0.05). Furthermore, mean
values slightly improved clinically,
which was statistically significant
(P <0.05) in the PT group for all
buccal GR, approximal-buccal,
and mid-buccal, and for the
MT group on mid-buccal sites.
However, no significant differ-
ences for GR were observed be-
tween groups at any time point.

In agreement with results of
the present study a slight im-
provement in GR was reported
previously.11,12 Dörfer et al.11

reported 6-month data from
a prospective, randomized,
single-masked, controlled study.
Participants showing at least
two buccal sites with GR ‡2 mm
demonstrated an overall re-
duction of PreGR from 2.35 to
1.98 mm (P <0.05) in the PT
group and from 2.26 to
1.90 mm (P <0.05) in the MT
group.

To further evaluatemean change in GR, subanalysis
was performed on the percentage ofmid-buccal PreGR
with change of at least 1 mm. A decrease was found in
14% of sites for the MT group and 24% of sites for the
PT group, and an increase, respectively, of 9% and 5%.
Dörfer et al.11 evaluated changes of at least 0.5 mm.
Their data demonstrated that 40% and 38% of all sites
with PreGR (2 mm or more) improved by at least
0.5 mm for the PT and MT, respectively, whereas 51%
and 54% remained unchanged. PreGR increased by 8%
(PT) and 7% (MT) with time. Differences between
groups were not statistically significant at any time
point. The authors concluded that the general reduction
of GR was most likely due to improved toothbrushing.

Figure 2.
Location of mid-buccal GR at baseline in the maxilla teeth (#2 to #15) and the mandible teeth (#18
to #31).
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In their 5-year prospective cohort study, Schoo et al.27

confirmed that elimination of traumatic oral hygiene
habits will, in general, be sufficient to prevent further
clinically significant increases in GR. This observation
is supported by an old case report by Everett (1968),28

in which ‘‘the case of the disappearing clefts’’ was
described as well as by a 12-month study comparing
a sonic toothbrush to an MT.13 Furthermore, Dentino
et al.12 demonstrated a slight but statistically significant
decrease in PreGR in a 6-month, single-masked, ran-
domized trial for an oscillating-rotating PT (1.45 – 0.51
to 1.20 – 0.58mm) andMT (1.63 – 0.61 to 1.46 – 0.50
mm), with no difference between groups.

Results of the present study correspond to the find-
ings of previous studies11,12 demonstrating no differ-
ence between different kinds of PTs and MTs on GR; in
fact, a slight improvement in GR was observed in this
trial. However, the underlying mechanisms for such
a reduction in GR remain unclear. Some authors con-
clude that reversal of GR might be due to improved
brushing technique engendered by the ‘‘Hawthorne
effect.’’29 Even though these changes of up to 0.09mm
in our study were of statistical significance, the clinical
relevance is open for discussion and most likely of

minor importance. McCracken et al.13 intended to
compare changes of at least 2 mm in PreGR for an MT
and sonic toothbrush group. The level of change was
based on confidence in being able to clinically measure
2 mm as a real change using a manual probe. Because
only one site in the McCracken et al.13 study demon-
strated change of 2mm, the authors recommended that
future studies should be sufficiently powered to detect
smaller effect sizes. This proposition was fulfilled in the
current study as the power was sufficiently high to
detect changes of 0.2 mm at 100% and 0.1mm at 80%
power. Specifically looking at changes of at least
1 mm, the authors did not demonstrate any significant
differences.13

Studies indicate that sites with PreGR are more
likely to develop further GR,23 and PreGR was the
primary analysis in the present study. Yet, errors in
estimating the CEJ might be a reason for bias30 Be-
cause only positive GR was recorded for primary
analysis, change in sites without PreGR may suffer
from underestimation. Furthermore, the clinical in-
vestigator in our study was not masked to the time
point of the study, which might have influenced as-
sessment and resulted in regression to the mean.30

Correspondingly, sites with PreGR tended to be less
extreme at the end of the study. An argument against
this assumption would be that assessment on the
stone-cast replicas was performed masked to the
time point and that these data corresponded well
with clinical data.

It is well accepted that incorrect brushing tech-
nique, in particular, too much force exerted when
brushing, overbrushing, and use of hard bristles, is
related to the development of GR.23,32,33 Rajapakse
et al.4 concluded in a systematic review that the
causation of GR in observational studies is likely to
depend on toothbrushing frequency and duration as
well as on use of inappropriate toothbrushes and
toothbrushing techniques. Excessive brushing force
seems to be of major importance as an origin of
toothbrush trauma.34,35 Furthermore, previous
experience with PTs seems to influence the amount
of abrasion.36 Incidence of gingival abrasion de-
creases after 4 weeks of familiarization with PTs,
which might be due to a learning effect. Although
brushing force by PTs seem to be lower compared to
MTs,10 no beneficial effect on improvement of GR
has yet been demonstrated.24 Changing habits due
to participation in a clinical study and the in-
formation that toothbrushing may have an influence
on GR formation might be responsible for the results
reported here. Wireless remote displays37 or feed-
back software to self-monitor brushing technique38

might be useful tools to create similar effects on
brushing behavior and to help establish correct
brushing techniques, thus avoiding GR.

Figure 3.
Mid-buccal sites at all PreGR sites demonstrating a decrease or
increase from baseline to final examination at 12 months.

Figure 4.
Pearson correlation coefficient demonstrating correlation data
evaluated clinically and on stone casts for two sites in each patient
with GR ‡2 mm.
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CONCLUSIONS

Based on the results of this study, mean GR at sites
with PreGR did not differ significantly between the PT
and MT groups during the 12 months of observation
with twice-daily use of products. Therefore, PT was as
safe as MT in this trial with regard to gingival tissues
in a population with PreGR who is at high risk for
developing further GR.
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Efficacy of inter-dental
mechanical plaque control
in managing gingivitis –
a meta-review
S€alzer S, Slot DE, Van der Weijden FA, D€orfer CE. Efficacy of inter-dental
mechanical plaque control in managing gingivitis – a meta-review. J Clin
Periodontol 2015; 42 (Suppl. 16): S92–S105. doi: 10.1111/jcpe.12363.

Abstract
Focused question: What is the effect of mechanical inter-dental plaque removal in
addition to toothbrushing, on managing gingivitis using various formats of inter-
dental self-care in adults based on evidence gathered from existing systematic
reviews?
Material & Methods: Three Internet sources were searched by a strategy designed
to include systematic reviews on inter-dental cleaning devices. Plaque and gingivi-
tis scores were the primary parameters of interest. Characteristics of selected
papers were extracted. The potential risk of bias was estimated and the acquired
evidence was graded.
Results: Screening of 395 papers resulted in six systematic reviews. Two papers
evaluated the efficacy of dental floss, two of inter-dental brushes (IDB), one of
woodsticks and one of the oral irrigator. Weak evidence of unclear or small mag-
nitude was retrieved that supported dental floss, woodsticks and the oral irrigator
to reduce gingivitis in addition to toothbrushing. No concomitant evidence for an
effect on plaque emerged. There is moderate evidence that IDBs in combination
with toothbrushing reduce both plaque and gingivitis.
Conclusion: Evidence suggests that inter-dental cleaning with IDBs is the most
effective method for inter-dental plaque removal. The majority of available stud-
ies fail to demonstrate that flossing is generally effective in plaque removal. All
investigated devices for inter-dental self-care seem to support the management of
gingivitis, however, to a varying extend.
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Oral cleanliness is important for the
preservation of oral health as it
removes microbial plaque, prevent-

ing it from accumulating on teeth
and gingivae (Choo et al. 2001). As
a point of principle, it is reasonable

to state that achieving ideal plaque
control by toothbrushing, combined
with the removal of inter-dental
plaque once every 24 h, is adequate
to prevent the onset of gingivitis and
inter-dental caries (Axelsson 1994,
Lang et al. 1973). The rationale for
considering inter-dental cleaning as a
separate item is related to the fact
that toothbrushing does not effi-
ciently reach into the inter-dental
areas between adjacent teeth result-
ing in parts of the teeth that remain
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unclean. The reason for this is that
the inter-dental gingiva fills the
embrasure between two teeth apical
to their contact point. This is a
“sheltered” area, which is difficult to
access when the teeth are in their
normal position. The inter-dental
area, when exposed by initial inflam-
mation of the papillae, presents local
conditions, which permit the estab-
lishment and maturation of bacterial
plaque. This favours periodontal dis-
ease, for which an effective inter-
dental hygiene helps to reduce the
extension and severity (Sicilia et al.
2002). Traditionally, self-care recom-
mendations for inter-dental cleaning
most commonly have consisted of
flossing (ADA 2014), which is prob-
ably the most universally applicable
method. However, the inter-dental
brush was found to have an excellent
effect both on the central part of the
inter-dental space and on the embra-
sures and may remove plaque as far
as 2–2.5 mm below the gingival mar-
gin (Waerhaug 1976). The choice of
the type of technique must, however,
be made in relation to the character-
istics of the inter-dental spaces
whether they are open or closed
(Sicilia et al. 2003).

Today numerous inter-dental
cleaning devices on the market help
patients’ self-care needs. The pleth-
ora of products makes it difficult for
patients to decide themselves, which
is the appropriate device. But also
for the dental professional, it can be
challenging to give individualized
recommendations to patients about
the appropriate selection and use of
these devices. Patient preferences
and the expected likelihood of using
the inter-dental cleaning product is
one aspect to consider. Another is
the knowledge about the evidence
specific to each device and the
expected results from using the
device. An ideal inter-dental cleaning
device should be user friendly,
remove plaque effectively and have
no deleterious soft-tissue or hard-
tissue effects. However, not all inter-
dental cleaning devices suit all
patients, all types of dentitions and
even not every inter-dental space.
The dental professional should,
therefore, navigate the patient to the
optimal devices tailored to their spe-
cific needs. Good inter-dental oral
hygiene requires a device that can
penetrate between adjacent teeth

(Van der Weijden & Slot 2011), and
thereby touching as much of the
exposed surface as possible.

Dental professionals have choices
and make decisions everyday as they
provide care for patients (Suvan &
D’Aiuto 2008). Success in delivering
evidence-based health care advice
relies heavily on the ready availabil-
ity of current best evidence. An evi-
dence-based clinical decision
integrates and concisely summarizes
all relevant and important research
evidence. The model to guide a clini-
cal decision begins with original sin-
gle studies at the foundation.
Evidence-based research methodolo-
gies integrate the best available evi-
dence from original individual
studies as its foundation and help
synthesize evidence for the reader.
The synthesis (or systematic review) is
a comprehensive summary of all the
research evidence related to a focused
clinical question (Shea et al. 2007).
By combining the results from many
trials, it has more power to detect
small but clinically significant effects
and is a more advanced information
service in the topic area of concern
(Walker et al. 2008). At the next
level, a synopsis summarizes the find-
ings of systematic reviews and can
often provide sufficient information
to support the clinical action that
matches the patient’s specific circum-
stances (Dicenso et al. 2009). Such a
meta-review or “overview of reviews”
is a systematic review that includes
only systematic reviews, and is suit-
able whenever relevant systematic
reviews are available (Sarrami-Foro-
ushani et al. 2014). Evidence-based
research methodologies do not pro-
vide answers, but rather, they are a
tool, a form of information and guid-
ance based on research evidence that
assists the clinician in formulating the
answer appropriate for each individ-
ual patient (Suvan & D’Aiuto 2008).

The purpose of the present meta-
review was to summarize and
appraise the evidence emerging from
systematic reviews on the efficacy
of various inter-dental devices for
mechanical plaque control in manag-
ing gingivitis.

Material and Methods

The protocol of this meta-review
detailing the evaluation method was
developed “a priori” following initial

discussion between members of the
research team. This work complies
with PRISMA (2014) guidelines for
reporting systematic reviews.

Focused question

What is the effect of mechanical
inter-dental plaque removal in addi-
tion to tooth brushing, on managing
gingivitis using various formats of
inter-dental self-care in adults based
on evidence gathered from existing
systematic reviews?

Search strategy

For the comprehensive search strat-
egy, electronic databases were que-
ried. Three Internet sources were
used to search for appropriate
papers that satisfied the study pur-
pose. These sources included the
National Library of Medicine,
Washington, D. C. (MEDLINE-
PubMed), the Cochrane Library
which also includes the DARE data-
base of systematic reviews and the
evidence database of the ADA Cen-
ter for Evidence-based Dentistry
regarding home care products in the
preventive density category. All three
databases were searched for eligible
studies up to and including August
2014. The structured search strategy
was designed to include any system-
atic review published on inter-dental
cleaning devices. For details regard-
ing 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 PROS-
PERO (2014) database, an interna-
tional database of prospectively
registered systematic reviews, was
checked for reviews in progress. Fur-
ther unpublished work was not
sought.

Inclusion and exclusion criteria

The inclusion criteria were as
follows:

• Systematic reviews with or with-
out a meta-analysis

• Papers written in the English, Ger-
man, French or Dutch language

• Reviews evaluating studies con-
ducted in humans

s ≥18 years old

s In good general health
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• Intervention: inter-dental self-care
products for controlling plaque
and/or managing gingivitis.

The exclusion criteria were as fol-
lows:

• Orthodontic patients

• Dental implants

At the outset of this meta-review,
no attempt was made to separate
specific variables associated with
inter-dental cleaning.

Screening and selection

Two reviewers (DES & SS) inde-
pendently screened the titles and
abstracts for eligible papers. If eli-
gibility aspects were present in the
title, the paper was selected for fur-
ther reading. If none of the eligibil-
ity aspects were mentioned in the
title, the abstract was read in detail
to screen for suitability. After selec-
tion, the full-text papers were read
in detail by two reviewers (DES &
SS). Any disagreement between the
two reviewers was resolved after
additional discussion. The papers
that fulfilled all of the selection
criteria were processed for data
extraction.

Assessment of heterogeneity

The heterogeneity across studies was
detailed according to the following
factors:

• Study and subject characteristics

• Methodological heterogeneity
(variability in study design and
risk of bias)

• Analysis performed (Descriptive
or Meta-analysis).

Quality assessment

Two reviewers (DES & SS) estimated
the risk of bias by scoring the report-
ing and methodological quality of the
included systematic reviews according
to a combination of items described
by the PRISMA (2014) guideline for
reporting systematic reviews and the
(AMSTAR 2014) checklist for assess-
ing the methodological quality of sys-
tematic reviews. A list of 27 items was
assessed and if all individual items
were given a positive rating by sum-
ming these items an overall score of
100% was obtained. Only systematic
reviews including meta-analysis could
achieve a full score of 100% (Hidding
et al. 2014). The estimated risk of bias
was interpreted as follows: 0–40%
may represent a high risk of bias;
40–60% may represent a substantial
risk of bias; 60–80% may represent a
moderate risk of bias 80–100% a low
risk of bias.

Data extraction

Information extracted from the stud-
ies included publication details,
focused question, search results,
descriptive or (weighted) mean out-
comes and conclusions. Disagree-
ments between the reviewers (DES &
SS) were resolved by discussion.

Grading the “body of evidence”

The Grading of Recommendations
Assessment, Development and Evalu-
ation (GRADE) system, as proposed
by the GRADE working group, was
used to grade the evidence emerging
from this meta-review of systematic
reviews (GRADE 2014). Two review-
ers (GAW & DES) rated 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 outcomes; directness of
results, detection of publication bias
and magnitude of the effect.

Results

Search & selection results

The searches resulted in 395 unique
papers (for details, see Fig. 1) out of
which six full-text articles were
obtained and screened to confirm eli-
gibility. Hand searching of the refer-
ence lists did not reveal any
additional suitable systematic
reviews. Neither did the PROSPERO
database (2014). As a result, a final
six studies were selected to be
included in this meta-review, out of
which two papers were identified
which evaluated the efficacy of
dental floss, two papers on inter-
dental brushes, one on woodsticks
and one evaluating the oral irrigator.

Assessment of heterogeneity

Considerable heterogeneity was
observed in the six systematic

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 syn-
tax rules.
The following strategy was used in the search inter-dental cleaning devices:

{[MeSH terms] (Home Care Dental Devices) OR [text words] floss OR (Dental floss) OR Flossing OR Tape OR (Dental tape) OR
Superfloss OR Ultrafloss OR (Interdental cleaning devices) OR (Interproximal cleaning devices) OR (Interspace cleaning devices) OR
toothpick* OR woodstick* OR woodpoint* OR (wooden interdental cleaner) OR (wedge stimulator*) OR (wooden stimulator*) OR
(rubber interdental stimulator) OR (interdental stimulator) OR (gingival stimulator) OR (interproximal brushing) OR (interproximal
brushes) OR (interproximal brush) OR (interproximal brush*) OR (interproximal cleaning devices) OR (interdental brushing) OR
(interdental brushes) OR (interdental brush) OR (interdental brush*) OR proxabrush OR (interspace brushes) OR (interspace brush) OR
(interspace brush*) OR (interspace brushing) OR proxabrush OR (dental water jet) OR (water pick) OR (water pik) OR waterpik OR
(perio pik) OR (pick pocket) OR pickpocket OR (pik pocket) OR (oral irrigation) OR (oral irrigator) OR (oral irrigation jet) OR (water
jet irrigator) OR (monojet oral irrigator) OR (subgingival irrigation) OR (subgingival tip) OR (dental irrigator) OR (dental irrigation) OR
airfloss OR softpick OR softpik OR (power interdental cleaning) OR (electric interdental cleaning) OR (mechanical interdental cleaning)}
Used filter/limits: systematic review OR meta-analysis

The asterisk (*) was used as a truncation symbol.
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reviews with respect to the databases
searched, study and subject charac-
teristics of the original individual
papers description of inclusion and
exclusion criteria, quality assessment
scale used, reporting of effect scores,
presence of meta-analysis and con-
clusions made. Information regard-
ing the included papers is displayed
in detail in Table 1. Various clinical
indices and their modifications have
been evaluated.

Quality assessment

Estimation of the risk of bias by
scores related to the reporting
and methodological quality of the
included systematic reviews is pre-
sented in Table 2. Four reviews were
considered to have a moderate esti-
mated potential risk of bias (Berchier
et al. 2008, Hoenderdos et al. 2008,
Husseini et al. 2008, Slot et al. 2008).
Two more recent Cochrane reviews
had a low estimated risk of bias
(Sambunjak et al. 2011, Poklepovic

et al. 2013). Critical items in this
evaluation were found to be the
development of a protocol “a priori”
and its registration, searches in addi-
tional sources including non-English
literature, contacting of authors of
included papers for additional infor-
mation, grading obtained evidence
and the assessment of publication
bias.

Study outcomes results

Table 1 shows the results from the
data extraction. The conclusion of
the original review authors and the
comments of the authors of this syn-
opsis together with a descriptive
summary are presented for each
inter-dental device.

Dental floss

Berchier et al. (2008) evaluated the
effect of flossing as an adjunct to
toothbrushing. Independent screen-
ing of titles and abstracts resulted in
11 publications that met the eligibil-

ity criteria. The majority of these
studies showed that there was no
benefit from floss on plaque scores
(7 of 10 studies) and no effect on
clinical parameters of gingivitis (8 of
8 studies). From the collective data
of the studies, it appeared possible
to perform a meta-analysis evaluat-
ing plaque and gingival index scores.
Baseline scores were not statistically
different. Comparing toothbrushing
and flossing against toothbrushing
only, the Quigley & Hein plaque
index (Quigley & Hein 1962)
weighted mean difference (WMD)
was �0.04 (95% CI: �0.12; 0.04,
p = 0.39) and the Lo€e & Sillness gin-
gival index (L€oe & Silness 1963).
WMD was �0.08 (95% CI: �0.16;
0.00, p = 0.06). End scores also
showed no significant differences
between those groups that flossed in
comparison with those that did not
floss for the Quigley & Hein plaque
(WMD: �0.24, 95% CI: �0.53; 0.04,
p = 0.09) or Lo€e & Sillness gingival
Index (WMD: �0.04, 95% CI: �0.08;
0.00, p = 0.06).

More recently, also the Cochrane
Oral Health group evaluated the
effects of flossing in combination
with toothbrushing, as compared
with toothbrushing alone, in the
management of periodontal diseases
in adults (Sambunjak et al. 2011).
Twelve trials were included in this
review, with a total of 582 partici-
pants in the flossing plus toothbrush-
ing (intervention) groups and 501
participants in toothbrushing (con-
trol) groups. All included trials
reported the outcomes of plaque and
gingivitis. Seven of the included
trials were estimated as having an
unclear risk of bias and five were
considered to have a high risk of
bias. The results of the meta-analyses
are presented as standardized mean
differences (SMD), which do not
relate to tangible differences in
clinical indices. With regard to the
reduction of gingivitis, there seems to
be some evidence that flossing in
combination with toothbrushing pro-
vides a statistically significant benefit
in reducing gingivitis compared with
toothbrushing alone. To help inter-
pret the magnitude of the effect, the
data retrieved by different indices
were standardized in translating
them back to the most commonly
reported gingivitis index. The 1-
month SMD estimate back translates
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Table 2. Estimated the risk of bias by scoring a list of items related to the reporting and methodological quality of the included systematic
reviews

Author 
(year) 

Quality criteria: 

Berchier 
et al. 
2008

Sambunjak 
et al. 
2011

Hoenderdos 
et al. 
2008

Slot 
et al. 
2008

Popklevic 
et al. 
2013

Husseini 
et al. 
2008

Interdental oral hygiene device Dental Floss Dental Floss Woodsticks Interdental 
brush

Interdental 
brush

Oral 
Irrigator

1) Defined outcome criteria of interest + + + + + + 

2) Describes the rationale + + + + + + 

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

4) Describes if a protocol was developed 
‘a pirori’. – + – – + – 

5) Protocol registration/publication NA + NA NA + NA 

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

7) Presents the full search strategy + + + + + + 

8) Various databases searched + + + + + + 

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

– + – – + – 

10) Review selection by more than 1 
reviewer + + + + + + 

11) Non-English papers included – + – – + – 

12) Provide details on the performed study 
selection process/ flow chart + + + + + + 

13) Report included study characteristics + + + + + + 

14) Provide data of the selected studies on 
the outcome measures of interest + + + + + + 

15) Data were extracted by more than 1 
reviewer + + + + + + 

16) Contacted authors for additional 
information – + – – + – 

17) Report heterogeneity of the included 
studies + + + + + + 

18) Estimated risk of bias in individual 
studies + + + + + + 

19) Performed a meta analysis + + – + + – 

20) Performed a descriptive analysis + ± + + ± + 

21) Describe additional sub analysis – + + + + + 

22) Grading of the obtained evidence – + – – + – 

23) Present limitations of the systematic 
review – + – – + – 

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

25) Publication bias assessed – + – – + – 

26) Funding source – + – – + – 

27) Conflict of interest statement – + – – + – 

Original Review authors estimated level
of evidence 

Not 
reported

Weak, very 
unreliable

Not 
reported

Not 
reported

Very low 
quality

Not 
reported

Synopsis authors estimated quality score 62% 96% 62% 65% 96% 62% 

Synopsis authors estimated risk of bias moderate low moderate moderate low moderate 

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, and minus “�” was used if the item was not described at all (Hidding et al. 2014). NA = not applicable.
For the quality assessment score individual items with a positive rating were summed to obtain an overall percentage score.
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to a 0.13-point reduction on a 0- to
3-point scale for L€oe & Silness gingi-
vitis index (1964), and the 3- and 6-
month results translate to a 0.20 and
0.09 reduction respectively. Although
the differences are statistically signifi-
cant, the difference is minor which
questions the clinical relevance even
more when considering the very low
level of evidence.

Woodsticks

Hoenderdos et al. (2008) evaluated
the effect of woodsticks in combina-
tion with toothbrushing. After
screening by title and abstract 15
papers were selected for full-text
reading of which 10 papers had to
be excluded. Three additional papers
were retrieved from the reference
lists. After full-text reading, seven
publications with eight clinical exper-
iments met the eligibility criteria and
provided data. No meta-analysis
could be performed. In their qualita-
tive summary in nine of 10 studies
that scored plaque no significant
advantage was demonstrated with
respect to the use of woodsticks in
combination with toothbrushing, as
opposed to toothbrushing alone.
However, in three of three studies
reporting gingivitis data, they
observed a statistically significant
improvement in inter-dental gingival
inflammation by a reduced tendency
of bleeding upon probing by the use
of triangular woodsticks.

Inter-dental brushes

The term “inter-dental brush” was
used for brushes with a helical align-
ment of filaments fixed to a twisted
central wire. The filaments may vary
in lengths and, therefore, form cylin-

drical, conical or other shapes of
inter-dental brushes. Synonyms used
in different countries are “interproxi-
mal brush” or “mini-inter-dental
brush”. There may be even more.
However, single tufted brushes and
inter-dental cleaning devices without
a twisted wire as stem were not
regarded as inter-dental brushes and
not taken into account. Slot et al.
(2008) evaluated the differences
between inter-dental brushes and var-
ious intervention strategies in a sys-
tematic review. All three studies that
evaluated inter-dental brushes as an
adjunct to toothbrushing showed a
significant difference in favour of the
additional use of inter-dental brushes
for plaque removal as compared to
brushing alone. The majority (8 of 13
studies) of the studies showed a posi-
tive significant difference on the pla-
que index when using inter-dental
brushes relative to floss. No clear
benefits over toothbrushing alone
with regard to the gingival index (1 of
5 studies) or bleeding indices (0 of 6
studies) were observed. Inter-dental
brushes remove more dental plaque
than woodsticks, as shown by one of
the two comparative studies. From
the collective data of the studies, a
meta-analysis appeared to be possible
for the comparison of inter-dental
brushes to floss as adjuncts to manual
toothbrushing. In all instances, there
was no statistically significant differ-
ence for the baseline scores. End
scores only showed a significant effect
when evaluated according to the Sil-
ness & L€oe plaque index (1964) in
favour of the inter-dental brush group
relative to the floss group (WMD:
�0.48, 95% CI: �0.65; �0.32,
p < 0.00001). Comparisons using

other indices (Quigley & Hein plaque
index (1962), bleeding on probing,)
were not statistically significant. The
heterogeneity observed with the Sil-
ness & L€oe plaque index (p = 0.001,
I2 = 85.4%) reflects the different
behaviours of the study populations
to the study product, differences in
study designs and other factors that
may have influenced the outcome.
Slot et al. (2008) showed that inter-
dental brushes are a useful device to
complement toothbrushing. The evi-
dence suggests that inter-dental
brushing is the most effective method
to interdentally remove plaque.

More recently also the Cochrane
Oral Health group evaluated the
effect of inter-dental brushing in addi-
tion to toothbrushing, as compared
with toothbrushing alone (Poklepovic
et al. 2013). Only one study with an
estimated high risk of bias was
retrieved that looked at this compar-
ison. The low-quality evidence that
emerged from this review, which
was evaluated in a meta-analysis
using a statistical approach with the
standard mean difference (SMD),
showed a significant reduction in
plaque and gingivitis. Back translat-
ing the SMD outcome, the authors
concluded that this represents a 34%
reduction in gingivitis and a 32%
reduction in plaque. Seven selected
studies provided data on inter-dental
brushing in addition to toothbrush-
ing, as compared with toothbrushing
and flossing showing a reduction in
gingivitis in favour of inter-dental
brushing at 1 month: This translated
to a 52% reduction in gingivitis
(Eastman Inter-dental Bleeding
Index (Caton & Polson 1985).
Although a high effect size in the

Table 3. Estimated evidence profile (GRADE 2014) for the effect of various methods and aspects of inter-dental mechanical plaque
removal
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same direction was observed at
3 months, the confidence interval of
the meta-analysis did not exclude the
possibility of no difference. There
was insufficient evidence to claim a
benefit for inter-dental brushing over
flossing for reducing plaque.

Oral irrigator

Husseini et al. (2008) performed
a systematic review on the efficacy
of oral irrigation in addition to
toothbrushing. Screening of 813
titles and abstracts initially resulted
in 27 full-text papers. In total, 20
studies were excluded, searching the
reference lists of the selected studies
resulted in no new papers. Conse-
quently, seven studies were identified
as eligible for inclusion in this
review according to defined eligibil-
ity criteria. Due to their heterogene-
ity, the data prevented quantitative
analysis, and a descriptive analysis
of the selected studies was pre-
sented. Six of seven selected studies
showed no differences between
toothbrushing in combination with
the use of an oral irrigator and
toothbrushing or regular oral
hygiene. One study provided incon-
clusive data. Three of five studies
that presented data on bleeding
scores showed significant reductions
in the oral irrigator group compared
to the control oral hygiene group.
When focusing of the comparison
with regular oral hygiene three of
three showed a significant beneficial
effect. For gingivitis, this was three
of four studies. The authors con-
cluded that as an adjunct to brush-
ing, the oral irrigator provides a
positive trend in favour of oral irri-
gation improving gingival health
over regular oral hygiene.

Grading the “body of evidence”

The evidence which emerges from this
systematic meta-review indicates that
there is moderate evidence to support
the efficacy of inter-dental brushes on
plaque removal and reduction of gin-
givitis (table 3). There is weak evi-
dence supporting the use of dental
floss, woodsticks and the oral irrigator.

Discussion

The human oral cavity contains
microorganisms in the form of bio-
films which are matrix-enclosed

bacterial populations that adhere
organisms together and adhere to
surfaces or interfaces. A bacterial
biofilm is the common cause of a
number of human diseases. Recently,
an enormous increase in knowledge
about the complexity and the tena-
ciousness of the oral biofilm as well
as on its essential role in maintaining
oral health has been demonstrated
(Marsh 2000). Although the biofilm
appearance depends upon the condi-
tions of the host, it also varies
between specific sites. What is in
common is the need for mechanical
removal, however, not with the sim-
ple aim of complete removal but
more a sense of cultivating and shap-
ing the oral biofilm and supporting
the bacterial haemostasis (Marsh
et al. 2011). In the inter-dental space,
the access to the colonized surfaces is
crucial for the success of the preven-
tive measure. One of the challenges
of measuring the efficacy of inter-
dental cleaning aids is that these sites
are not directly visible in their full
extension and – in addition to the
general shortcomings of measuring
intra-oral plaque removal clinically –
evaluations have to rely on areas
being the margin of the inter-dental
space only.

Following the idea of evidence-
based dentistry, the highest degree of
scientific evidence is the presence of
a systematic review. Emphasizing the
necessity for high evidence resulted
in an increasing number of system-
atic reviews, often on the same or
similar subjects. However, the evi-
dence of a systematic review depends
on the quality of the studies, which
were reviewed, a fact, which is often
not discussed in systematic reviews,
as the quality is primarily related to
the rigidness of methodology to
minimize bias. In the case of no new
data to review, it is, therefore, help-
ful to make a synopsis of the system-
atic reviews already published
instead of re-reviewing the same
published data with the same meth-
odology. Recently, a structured pro-
cedure, similar to the methodology
of a systematic review (Sarrami-
Foroushani et al. 2014), was devel-
oped to evaluate and embrace
already published systematic reviews
and to help the reader to understand
the strengths and limitations of such
publications. This next step, known
as a meta-review, is necessary in the

presence of an inflationary increase
of systematic reviews and gives the
dental community better guidance. It
is in that sense a step forward in the
direction of a clinical guideline.

Toothbrushing is successful in
removing plaque at buccal, lingual
and occlusal surfaces, but does not
reach the inter-dental areas of teeth,
resulting in parts of the teeth that
remain unclean. Good inter-dental
oral hygiene requires a device that
can penetrate between adjacent teeth
(van der Weijden & Slot 2011). The
current meta-review intended to eval-
uate various inter-dental oral hygiene
products with the goal to provide
guidance for clinical decision making.

Dental floss

Based on the individual papers as
retrieved in the review by Berchier
et al. (2008), a trend was observed
that indicated a beneficial adjunctive
effect of floss on plaque levels. How-
ever, this could not be substantiated
in the meta-analyses. Routine recom-
mendation to use floss was not con-
sidered to be supported by scientific
evidence. More recently, Sambunjak
et al. (2011) in their Cochrane review
found that in terms of reducing gin-
gival inflammation, flossing plus
toothbrushing showed a statistically
significant benefit compared to
toothbrushing alone. Harms and
adverse effects were reported in five
studies. The most frequent harm
identified was soft tissue/gingival
trauma, a reversible event. Most
patients would avoid flossing in trau-
matized areas and the areas would
heal. The desirable benefits of floss-
ing in reducing gingivitis seem to
outweigh the potential harms.
However, grading the evidence it
was determined to be of very low
quality. It implies that the evidence
flossing to effectively reduce gingivi-
tis is very low and the evidence to
suggest that flossing reduces plaque
is unreliable (Matthews 2012). The
Cochrane review agreed with the
Berchier et al. (2008) findings with
respect to plaque removal. However,
it found a small but statistically sig-
nificant benefit for flossing in reduc-
ing gingivitis. Both systematic
reviews (Berchier et al. 2008, Sam-
bunjak et al. 2011) had seven of the
12 articles in common and one study
was common in the meta-analysis.
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Different outcomes would be
expected with different studies
included (Bowen 2012). Sambunjak
et al. (2011) used a broader study
selection and included two studies
with a control group using a 5%
hydro alcohol and one study that
included as intervention the hum-
mingbird power flosser. This is, in
fact, not a string of dental floss but
a motorized rubber inter-dental stim-
ulator. The differences between the
two systematic reviews, therefore,
may be explained by the different
study selection and the more positive
valuation of the more recent system-
atic review does not necessarily rela-
tivize the conclusion of the Berchier
systematic review with respect to the
use of dental floss in the more com-
mon understanding.

That dental floss has limited
additional effects as adjunct to
toothbrushing is apparent from
more than one review. Hujoel et al.
(2006) found that flossing was only
effective in reducing the risk of
interproximal caries when applied
professionally. This absence of evi-
dence on caries reduction was sub-
stantiated by Sambunjak et al.
(2011). Although the systematic
reviews did not strongly support
flossing as a useful periodontal self-
care adjunct, the very low evidence
for the efficacy, however, does not
preclude the use of floss. For
instance, in inter-dental situations
that only allow for the penetration
of a string of dental floss, floss is
the best available tool. Although
floss should not be the first tool rec-
ommended for cleaning open inter-
dental spaces, if the patient does not
like any other tool, flossing could still
be part of oral hygiene instruction.
The dental professional should realize
that proper instruction, sufficient
motivation of the patient and a high
level of dexterity are necessary to
make the flossing effort worthwhile
(Hujoel et al. 2006). Routine instruc-
tion in using floss is not supported
by scientific evidence. The dental care
professional should therefore deter-
mine, on an individual patient basis,
whether high-quality flossing is an
achievable goal.

Woodsticks

Woodsticks can be used effectively
where sufficient inter-dental space is

available. When used on a dentition
with a reduced but inflammation free
periodontium, woodsticks depress
the gingivae by up to 2 mm and,
therefore, clean parts of the subgin-
gival area (Morch & Waerhaug
1956). The systematic review by Ho-
enderdos et al. (2008) focuses on the
effectiveness of woodsticks as an
adjunct to toothbrushing for plaque
removal in adult patients. Data
analysis revealed considerable heter-
ogeneity in many aspects of the
included studies and, therefore, a
meta-analysis could not be carried
out. Descriptive analysis indicated
that hand-held triangular woodsticks
do provide an improvement in inter-
dental gingival inflammation by
reducing the bleeding tendency.
However, no evidence for a concom-
itant effect on visible inter-dental
plaque was retrieved. Of the seven
studies included for data abstraction,
four were of a crossover design and
four of a parallel arm. One study
included both designs. The study
sizes ranged from 10 to 161 subjects
and control groups were toothbrush-
ing only or either in combination
with dental floss or inter-dental
brush. The indices used for plaque
and bleeding also differed between
the studies. With the lack of correla-
tion between the collected data, it is
clear that more studies with larger
numbers of subjects and study
designs are needed to clarify the effi-
cacy of woodsticks on plaque reduc-
tion and their effect on gingival
inflammation. With the limited data
within this review, it is difficult to
draw a meaningful conclusion on the
efficacy of woodsticks (Tucker 2009).
The explanation suggested for reduc-
tion of bleeding scores but the lack
of evidence of a concomitant effect
on plaque scores is that the papillary
area with the greatest inflammation
corresponds to the middle of the
inter-dental tissue (Walsh & Heck-
man 1985), which is not accessible
for direct visualization. It was also
suggested that bleeding following the
use of woodsticks can be used to
increase patient motivation and
awareness of gingival health. Several
studies have illustrated the clinical
effectiveness of gingival self-assess-
ment (Walsh et al. 1985). The pres-
ence of bleeding provides immediate
feedback on the level of gingival
health.

Inter-dental brush

The systematic review by Slot et al.
(2008) highlights the effectiveness of
inter-dental brushes as an adjunct to
toothbrushing for plaque removal in
adult patients. The evidence derived
from this review supports recom-
mendations by dental care profes-
sionals for their patients to use
inter-dental brushes in addition to
toothbrushing since it reduces dental
plaque (Rasines 2009). The studies
also presented a positive significant
difference in the plaque index when
using inter-dental brushes as com-
pared to floss. Included studies,
however, show that there was no
difference in gingival inflammation
or bleeding. Criteria for selecting
adult patients varied throughout the
studies. Health status was omitted
in three studies, and health status
was reported as “good general
health” in six studies with no spe-
cific exclusion criteria. Although all
studies included patients, who had
inter-dental spaces that could
accommodate use of an inter-dental
brush, three studies did not report
on the subjects’ periodontal status.
The diversity in selection of study
subjects was considerable among
these nine studies and may have
affected the strength of the conclu-
sions of the review (Gluch 2012).
On the other hand, the sample size
of the different trials can be consid-
ered large enough to allow identifi-
cation of statistically and clinically
significant differences (Rasines
2009).

More recently, in their Cochrane
review, Poklepovic et al. (2013)
retrieved with respect to inter-dental
brushes seven studies (total 354
participants analysed). Only one of
the included studies reported on the
objective comparing toothbrushing
with and without inter-dental
brushing. The review found very
low-quality evidence that inter-den-
tal brushing plus toothbrushing is
more beneficial than toothbrushing
alone for gingivitis and plaque at
1 month. There was also low-quality
evidence from seven studies that
inter-dental brushing reduces gingivi-
tis when compared with flossing, but
these results were only found at
1 month. There was insufficient evi-
dence to determine whether inter-
dental brushing reduced or increased

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Inter-dental cleaning & gingivitis control S101

4



61

levels of plaque when compared to
flossing. Heterogeneity was substan-
tial for both the gingivitis and pla-
que analyses probably due to
methodological and clinical variabil-
ity between the studies. One included
study concerns brush picks which
are not inter-dental brushes but a
plastic toothpick with plastic fila-
ments. The two systematic reviews
on inter-dental brushes (Slot et al.
2008, Poklepovic et al. 2013) had
five papers in common. The
difference in selection was due to
alternative inclusion criteria and it is
recognized that different studies will
provide different outcomes (Bowen
2012).

The result of a scanning electron
microscopic study of fourteen inter-
dental brushes showed that all
products had an insufficient finish
of bristle ends. It showed that
inter-dental brushes have besides
the beneficial effect a potential of a
damaging the periodontal tissues
which has however so far not been
shown ‘in vivo’ (Reiter & Wetzel
1991).

A variety of IDB shapes and sizes
are required in clinical practice to
accommodate all inter-dental spaces.
Schmage et al. (1999) assessed the
relationship between the inter-dental
space and the position of the teeth.
Most of the inter-dental spaces in
the anterior teeth are small and sized
for the use of floss. Premolars and
molars have larger inter-dental
spaces and are accessible with inter-
dental brushes. In addition, the main
advantage of inter-dental brushes lies
in their superiority in reaching inter-
dental groves or fissures, which can
physically not be touched by any
other inter-dental cleaning device.
This morphological component had
not been used in any of the studies
published so far. This makes match-
ing in the random assignment and a
true comparison among products
difficult; hence, the grouping of all
inter-dental brushes into one cate-
gory (Gluch 2012).

No systematic reviews were
retrieved which appraised aspects
that have been evaluated in individ-
ual studies such as angled or straight
inter-dental brushes (Jordan et al.
2014), waist-shaped inter-dental
brushes (Chongcharoen et al. 2012),
hard or soft filaments (Wolff et al.
2006), durability (Hotta et al. 2004).

Oral irrigator

The oral irrigator is one of the oral
hygiene aids developed to enhance
the effectiveness of plaque control
and to bring benefits for gingival
health. Oral irrigators are designed
to disturb and remove plaque and
soft debris through the mechanical
action of a stream of water. There
has been considerable controversy
regarding the appropriate use and
efficacy of this instrument (van der
Weijden & Slot 2011). Husseini et al.
(2008) systematically reviewed the
literature on the adjunctive effect of
the oral irrigator in addition to
toothbrushing on controlling plaque
and bleeding index gingival inflam-
mation and pocket probing depth.
Unfortunately, the selected studies
could not generate sufficient data to
perform a meta-analysis. Despite
these limitations, descriptive analysis
suggests that the oral irrigator, as an
adjunct to toothbrushing, does
improve gingival health more than
regular oral hygiene measures or
toothbrushing alone, although no
evidence for a beneficial effect in
reducing visible plaque was retrieved.
More recently, a 4-week study indi-
cated that when combined with man-
ual toothbrushing the daily use of an
oral irrigator is significantly more
effective in reducing gingival bleed-
ing scores than is the use of dental
floss (Rosema et al. 2011).

The exact mechanisms of action
accounting for these observations
remain unclear. Although oral irriga-
tion does not generate a beneficial
effect by reducing visible plaque, it
may flush away only loosely adhered
plaque and thus interfere with matu-
ration of the microbial biofilm every
day, therefore, and to some extent
modifying its components virulence
factors. Another possible effect is the
mechanical action of a jet stream of
water and its pulsations, which might
reduce the levels of inflammatory
mediators in the gingival crevice/
pocket, and alter the gingival response
to microbial challenge, thereby con-
tributing to improved gingival
homeostasis and health (Chaves et al.
1994, Flemmig et al. 1990, Frascella
et al. 2000). It is also conceivable that
any benefit of the oral irrigator in
reducing inter-dental plaque may be
undetectable clinically. Further well-
designed RCTs are warranted to

research the effectiveness of the oral
irrigator as an adjunct to regular oral
hygiene measures for controlling the
plaque biofilm and long-term mainte-
nance of gingival health, to explore
the mechanisms involved (Jin 2009).

The included systematic review
on oral irrigators did not evaluate
the specially designed blunt-ended
cannulae (Pik Pocket� subgingival
irrigation tip - WaterPik Technolo-
gies, Fort Collins, CO, USA).

Appraisal of the evidence

A meta-review is a systematic over-
view of reviews, in which an attempt
is made to include all available sys-
tematic reviews and to undertake rig-
orous appraisal on each of the
systematic reviews included (Sarrami-
Foroushani et al. 2014). The list of
appraisal criteria was based on a
combination of items described by
the PRISMA (2014) guideline for
reporting systematic reviews and the
AMSTAR (2014) checklist for assess-
ing the methodological quality of sys-
tematic reviews. The outcome of the
adapted checklist is presented in
Table 2 which shows the estimated
risk of bias to be mainly low to mod-
erate. For the next level of appraisal
that is the body of evidence, which
emerges from this systematic meta-
review, the GRADE (2014) criteria
were used indicating that there is
moderate evidence in support of the
efficacy of inter-dental brushes on
plaque removal and reduction of gin-
givitis. There is weak evidence in sup-
porting the use of dental floss,
woodsticks and the oral irrigator.

Patient compliance

There is not one aid that works for
all. There is also not one aid that
does not work for anyone. Best care
for each patient rests neither in clini-
cian judgement nor scientific evi-
dence but rather in the art of
combining the two through interac-
tion with the patient to find the best
option for each individual (Suvan &
D’Aiuto 2008). This meta-review
provides a summary of the achiev-
able efficacy of inter-dental oral
hygiene devices adjunctive to brush-
ing under the uniform conditions of
a RCT. Due to the extreme variety
in morphology, accessibility, individ-
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ual skills and preferences, the results
have to be translated to the unique
conditions in daily practice. In gen-
eral, to apply any evidence to clinical
practice, communication with the
patient, use of clinical judgment and
common sense are key steps. Clini-
cians should collaborate with
patients to determine the best oral
hygiene methods given the patients’
preferences and skill level. This is
even more important in this topic,
where patient acceptance is a major
issue to be considered when it comes
to the long-term use of inter-dental
cleaning devices (Warren & Chater
1996). For instance, flossing has dis-
advantages, in that it is an addi-
tional expense, is time consuming
and thus negatively influences the
ability or desire of many patients to
participate in this activity (Drisko
2013). When patient preferences are
evaluated comparing inter-dental
brushes and dental floss, patients
preferred the inter-dental brushes.
The inter-dental brushes were con-
sidered to be simpler to use, despite
their tendency to bend, buckle and
distort (Ishak & Watts 2007).

Inter-dental plaque assessment

Plaque reduction is a prerequisite for
an oral hygiene device to be consid-
ered valuable (Newman et al. 1994).
The selected papers for this meta-
review report for some inter-dental
cleaning devices no reduction in pla-
que whereas a reduction of gingivitis
was, observed. The mechanisms of
action underlying these clinical
changes in the absence of a clear
effect on plaque are not fully under-
stood. One explanation may be that
the inter-dental cleaning device
reduces the thickness of plaque inter-
dentally, which may not be easily
detectable using two-dimensional
scoring system which primarily scores
the visible surfaces. This may be the
reason for an absence of an effect on
plaque scores but a positive effect on
gingival inflammation parameters.

New developments

New inter-dental cleaning products
have become available since the sys-
tematic reviews reported in this
meta-review were conducted. They
comprise new developments in oral
irrigation devices with respect to the

characteristics of the spray and the
design of the nozzles (Sharma et al.
2012b,a), as well as an inter-dental
device constructed of a plastic core
with soft elastomeric fingers protrud-
ing perpendicularly (Yost et al. 2006,
Abouassi et al. 2014). However, due
to a limited body of published data,
a detailed and systematic evaluation
of the evidence for these devices is
not possible. Future systematic
reviews should include the evalua-
tion of these new inter-dental clean-
ing devices to help guide the dental
care professional in making an evi-
dence-based decisions.

Limitations

• The available evidence as col-
lected in the systematic review by
Hoenderdos et al. (2008) with
regard to woodsticks only refers
to triangular shaped woodstick.
No data were gathered with
respect to round or square tooth-
picks.

• With respect to woodsticks and
the oral irrigator, only few stud-
ies were available for inclusion in
the reviews and therefore no
meta-analyses were available.

• Evidence of practical efficiency is
lacking and may continue to be
limited due to the challenge of
designing studies to address these
areas.

• Within the evidence of the sys-
tematic review included in this
analysis, there was no evidence
indicating that bacteraemia follow-
ing flossing is a concern. However,
there is also no evidence indicating
it is not (Tomas et al. 2012).

• As evidence pertaining to mechan-
ical control in patients with
implants was not in the scope of
this review, it is hereby not possi-
ble to make recommendations
pertaining to plaque control spe-
cific to implants. However,
according to a recent systematic
review, there appears to be an
urgent need for studies on this
topic (Louropoulou et al. 2014).

Summary and Conclusion

This meta-review summarized and
appraised the available evidence
from systematic reviews as was pres-

ent in the form of systematic reviews
with respect to the efficacy of vari-
ous inter-dental devices for mechani-
cal plaque control in managing
gingivitis. There is weak evidence
that flossing plus toothbrushing
compared to toothbrushing alone
has a small but significant effect on
gingivitis. However, there is a lack
of evidence for a concomitant reduc-
tion in plaque scores. The evidence
for woodsticks and toothbrushing as
compared to toothbrushing alone
was weak and showed that there is a
benefit of unclear magnitude with
respect to bleeding scores but lacking
evidence for a concomitant reduction
of plaque. Moderate evidence was
available for the efficacy of inter-
dental brushes in addition to tooth-
brushing as compared with tooth-
brushing alone. This corresponded
to a 34% reduction in gingivitis and
a 32% reduction in plaque scores,
when standardizing the results
retrieved from the use of different
indices. There is weak evidence that
the oral irrigator plus toothbrushing
compared to regular oral hygiene
has an effect on gingivitis. The mag-
nitude remained unclear and it also
lacked evidence on a concomitant
reduction of plaque scores. In all
there is consistent evidence that sug-
gests that inter-dental brushes are
the most effective devices to remove
inter-dental plaque. In addition, they
are appreciated best by the patients.
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Clinical Relevance

Scientific rationale for the study:
Maintenance of effective plaque
control is the cornerstone of any
attempt to prevent and control
periodontal diseases. To be con-
trolled, plaque must be removed
frequently by mechanical self-care
methods. Over the last two dec-
ades, more and more systematic
reviews have been published in
relation to various oral hygiene
interventions and devices. System-
atic reviews provide a synthesis
that embraces rigorously all pri-
mary research evidence that could
be found relevant to a particular
focused question. A meta-review
summarizes the findings and impli-
cations of these systematic reviews.
Principle findings: In the absence of
a concomitant effect on plaque
scores, there is weak evidence that
dental floss, woodsticks and the
oral irrigator reduce gingivitis in
addition to toothbrushing. Com-
pared to toothbrushing alone inter-
dental brushes in combination with
toothbrushing provide a significant
reduction of both plaque and gingi-
vitis scores.

Practical Implications: Good inter-
dental oral hygiene requires a device
that can penetrate between adjacent
teeth. The choice must be made in
relation to the characteristics of the
inter-dental spaces and whether they
are accessible or not for the particu-
lar device by the respective patient.
In patients with accessible inter-
dental spaces the inter-dental brush
is the most effective inter-dental
cleaning device in reducing plaque
and gingivitis. The use of floss,
woodsticks and the oral irrigator
may be effective in controlling gingi-
vitis. Based on the selected system-
atic reviews, it would appear that if
the patient or the clinician prefers to
limit the number of inter-dental
cleaning devices, inter-dental brushes
of the appropriate size should be the
first choice providing inter-dental
spaces are accessible.
Limitation: A caution to the reader
is that the strength of systematic
reviews relies on the quality of the
original research and the methodol-
ogy of the review. Systematic reviews
may fail to provide strong guidance
on the topic explored, and are some-
times biased or contain an insufficient

number of published articles to pro-
vide a clear understanding of the
topic under review. With respect to
woodsticks and the oral irrigator,
no meta-analyses were available.
The available evidence as collected
in the systematic review with regard
to woodsticks only refers to triangu-
lar-shaped woodstick. No data were
gathered with respect to other
shapes of woodsticks.
Further research: New develop-
ments in inter-dental cleaning such
as rubber inter-dental cleaners and
new technologies in oral irrigators
need to be systematically evaluated.
The efficacy and safety of extra
small inter-dental brushes in
patients with intact papillae is an
item of interest. Furthermore, the
investigation of optimized self-
performed inter-dental oral hygiene
around dental implants deserves
investigation. Patient preference is
an aspect that needs to be assessed
in relation to motivation of the
patient so that adding inter-dental
devices to daily oral cleaning does
not become a stumbling block.
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Comparison of triclosan and stannous

fluoride dentifrices on parameters of

gingival inflammation and plaque

scores: a systematic review and
meta-analysis

Abstract: Objective: To systematically review the literature to

compare the efficacy of triclosan (Tcs) and stannous fluoride (SnF)

dentifrices on parameters of gingivitis and plaque scores. Materials

and Methods: Medline, EMBASE and Cochrane Central Register of

Controlled Trials were searched up to March 2013 to identify

appropriate studies. Studies regarding self-performed manual

brushing by adults with a minimum 4 weeks of follow-up were

included. Primary outcomes were parameters of gingivitis. Secondary

outcome was plaque score. Results: Of 55 publications, 11 met the

eligibility criteria. Additionally, four unpublished papers were added

after contacting the manufacturers of the leading brands. In total, 15

studies [10 medium term and five long term (>6 months)] were

processed for data analysis. There was no difference in gingival index

(or its modification) between the two types of dentifrice [DiffM-0.04,

95% confidence interval CI (�0.11; 0.04); P = 0.34]. The change in the

average gingival bleeding score was significantly in favour of SnF

[DiffM0.02, 95% CI (0.01; 0.02); P < 0.00001]. Plaque scores

demonstrated a statistical significant difference in favour of Tcs,

according to Quigley–Hein Plaque Index (Q&H PI; DiffM-0.29, 95% CI

[�0.45; �0.13]; P = 0.0004), but there was no difference according to

Rustogi Modified Navy Plaque Index (RMNPI) [DiffM-0.09, 95% CI

(�0.01; 0.18); P = 0.07]. Long-term results supported these findings.

Conclusions: In the context of inconclusive results for the primary

outcome variable of gingival health, it can be concluded that there was

a minor and most likely clinically insignificant difference between Tcs-

and SnF-containing dentifrices. Meta-analysis of plaque score

reduction was also inconclusive; whereas Tcs was more effective when

assessed by the Q&H PI, it was not when scored with the RMNPI.

Key words: bleeding; dentifrice; gingivitis; meta-analysis; plaque;

stannous fluoride; systematic review; toothpaste; triclosan

Introduction

Although a decline in the prevalence of dental caries over the last several

decades has been observed, the prevalence of gingivitis remains high (1).

Daily oral hygiene supports the maintenance of healthy marginal periodon-

tal tissues and dental hard tissues. This maintenance contributes to a gen-

eral feeling of well-being (2). The American Dental Association (ADA)

recommends twice daily brushing and once daily flossing as a regimen for
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good oral hygiene (3). The success of daily oral care depends on

the individual defence mechanism, as well as knowledge, dex-

terity and discipline (4). A dentifrice is recommended to support

the efficacy of tooth cleaning. Dentifrices are ideal vehicles for

the carriage of plaque control agents in common usage. Some of

their major ingredients include abrasives, detergents, thicken-

ers, sweeteners, humectants, flavours and actives, such as triclo-

san (Tcs) and stannous fluorides (SnF) or other fluorides (5).

SnF was first added to dentifrice in the 1950s. Because of

tooth staining and its taste, it was reformulated in 1997 as stabi-

lized SnF; it still caused stains but was effective. More

recently, a dentifrice was introduced into the marketplace

(Crest� Pro-Health�; The Procter & Gamble Co., Cincinnati,

OH, USA). In addition to 0.45% SnF, it contained sodium

hexametaphosphate to facilitate the control of calculus and

extrinsic tooth staining (6, 7). Temporarily, the dentifrices

Crest� Gum Care (The Procter & Gamble Co.), additionally

containing stannous chloride and sodium gluconate, and Crest�

Plus Gum Care (The Procter & Gamble Co.) additionally con-

taining an abrasive silica base, were available on the market.

Triclosan (Tcs; 2,4,4′ – trichloro-2′-hydroxy-diphenyl) is a

broad-spectrum antimicrobial with anti-inflammatory effects

because of its inhibition of the cyclooxygenase/lipoxygenase

pathway of arachidonic acid metabolism (8). Because of its low

substantivity and moderate effects on plaque formation, zinc

citrate was added for a synergistic effect, for example to Menta-

dent P (Elida Gibbs, London, UK; 0.3% Tcs; 0.75% zinc citrate;

0.8% sodium fluoride). In the early 1990s, Colgate-Palmolive Co.

(New York, NY, USA) added a copolymer of polyvinyl-methyl-

ether and maleic acid (2.0% PVM/MA copolymer = Gantrez

copolymer) to a 0.3% Tcs and 0.243% sodium fluoride dentifrice

(Colgate� Total�; Colgate-Palmolive Co.; 9).

The long-term effects of Tcs on gingivitis and plaque reduc-

tion, compared with a conventional fluoride dentifrice, were con-

firmed by a systematic review (10). Similarly, these effects were

shown for SnF-containing dentifrice (11). However, to our knowl-

edge, no systematic review has been performed that has directly

compared the effectiveness of these two ingredients in dentifrices.

Therefore, the aim of this review was to provide, based on the cur-

rently available literature, a systematic evaluation of the effective-

ness of a Tcs-containing dentifrice, compared with a SnF-

containing dentifrice, as an adjunct to toothbrushing with regard

to parameters of gingival inflammation and plaque scores.

Materials and methods

Focused PICO question

What are the effects of triclosan-containing dentifrices compared

with SnF-containing dentifrices on the parameters of gingivitis

and on plaque scores in healthy subjects aged at least 17 years?

Search strategy

Three Internet sources were searched for appropriate papers

that would satisfy the study purpose: the National Library of

Medicine in Washington, DC (PubMed-MEDLINE), the

Cochrane Central Register of Controlled Trials and EMBASE.

All databases were searched for studies conducted during or

before March 2013. The structured search strategy was

designed to include any published paper that compared the

effects of Tcs-containing dentifrices and SnF-containing

dentifrices on plaque and gingival parameters. For details

regarding the search terms used, see Box 1. The reference lists

of the selected studies were screened for additional papers

that could meet the eligibility criteria of this study. In addi-

tion, the leading brands of SnF (Procter & Gamble, GABA,

New York, NY, USA) and Tcs dentifrices (Colgate-Palmolive

Co., Unilever) were contacted with requests to provide their

unpublished data as proposed by the Cochrane Handbook (12)

and Needleman (13).

Box 1

Search terms used for PubMed-MEDLINE, Cochrane

CENTRAL and EMBASE. The search strategy was custom-

ized according to each individualized database that was

searched. The following terms were used in the search strategy

{<Agent> AND <Intervention> AND <Control>}

{<Agent: [MeSh] toothpastes OR [text word] toothpaste OR dentifrice>

AND

<Intervention: [MeSh] Triclosan OR [text word] triclosan OR diphenyl

ether derivatives OR Colgate total OR Mentadent>

AND

<Control: [MeSh] Tin Fluorides OR [text word] stannous fluoride OR tin

fluoride OR stannic fluoride OR tin tetrafluoride OR tin difluoride OR inor-

ganic fluoride of tin OR Crest pro-health OR Crest gum care OR Crest plus

gum care>}

Eligibility criteria

The following eligibility criteria were applied:

• Randomized, controlled trials (RCTs) or controlled clinical

trials (CCTs);

• Manuscripts written in the English, German or Dutch

language;

• Studies conducted in humans ≥17 years old with good

general health;

• Interventions using triclosan-containing (Tcs) dentifrices;

• Comparisons with stannous fluoride-containing (SnF) denti-

frices;

• Only marketed dentifrices;

• Self-performed brushing with a manual toothbrush; and

• Parameters mentioned in studies with a 4-week minimum

duration (ADA guidelines on chemotherapeutic products

for control of gingivitis (14), that is, plaque, bleeding and

gingivitis).
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Screening and selection

The papers were independently screened by three reviewers

(SS, GAW and DES), first by title and abstract. If the eligibil-

ity aspects were present in the title, the paper was selected. If

none of the eligibility aspects were mentioned in the title, the

abstract was read in detail to screen the article for suitability.

After selection, two reviewers (SS and DES) read the full-text

papers in detail. Disagreements were resolved by discussion. If

disagreement persisted, the judgment of a third reviewer

(GAW) was considered decisive.

Heterogeneity assessment

The following factors were used to evaluate the heterogeneity

of the different study outcomes:

• Study design;

• Interventions and regimens;

• Clinical indices and

• Funding sources.

Quality assessment

Two reviewers (DES, SS) scored the methodological quality of

the included studies. This quality was assessed according to

the method described by Keukenmeester et al. (15). In short,

when random allocation, defined eligibility criteria, blinding of

examiners, balanced experimental groups, identical treatment

between groups (except for the intervention) and follow-up

reporting were present, the study was classified as having a

low risk of bias. When one of these six criteria was missing,

the study was considered to have a moderate risk of bias.

When two or more of these criteria were missing, the study

was considered to have a high risk of bias, as proposed by Van

der Weijden et al. (16).

Data extraction

From the collection of papers that met the inclusion criteria,

data were extracted with regard to the effectiveness of self-

performed toothbrushing with Tcs- versus SnF-containing

dentifrices. When intermediate assessments were presented,

the baseline and final evaluations were used for this review.

Mean values and standard deviations (SDs) were extracted

(SS, DES). Some studies provided standard errors (SEs) of the

means. When possible, the authors of this review calculated

standard deviation based on the sample size (SE = SD/√N).

Data analysis

After a preliminary evaluation of the selected papers, consider-

able heterogeneity was observed regarding the study designs,

characteristics, outcome variables and results. Where appropri-

ate, a meta-analysis was performed, and differences in means

(DiffMs) were calculated using Review Manager software

(RevMan, version 5.1 for Windows, Copenhagen, Denmark:

The Nordic Cochrane Centre, The Cochrane Collaboration,

2011) with either the fixed or ‘random effects’ model, as

appropriate. If there were four or more studies to be analysed,

the ‘random effects’ model was chosen to calculate the

weighted average of the treatment effects across the studies

(12). If there were fewer than four studies, the ‘fixed effects’

model was used (17). Not all studies could be included in the

quantitative analysis of the total body of evidence. Therefore,

data were also summarized using vote counting, and they are

presented in a descriptive manner.

To test whether the results of the different studies were

homogenous, the studies’ heterogeneity was assessed by the

chi-squared test and I2 statistic during the meta-analysis. A

chi-squared test resulting in P < 0.1 was considered an

indication of significant statistical heterogeneity. I2 yields a

quantitative indication of the comparability of studies in a

meta-analysis. An I2 statistic of 0–40% is interpreted as not

important, and >40% indicates that moderate to considerable

heterogeneity might be present (18).

The ADA’s requirements for chemotherapeutic products in

the control of gingivitis demand a study period of 6 months to

evaluate efficacy (14). Further, they require an evaluation per-

iod of at least 4 weeks for adjunctive devices used to control

plaque and gingivitis (19). Because of limited available data,

the inclusion criterion for this review was set to a minimum

duration of 4 weeks. Therefore, a subanalysis was performed

for medium-term studies, compared with long-term studies

(lasting 6 months; 20).

Additionally, a subanalysis was performed for dentifrices con-

taining Tcs plus copolymer (Colgate� Total�) versus SnF plus

hexametaphosphate (Crest� Pro-Health�) in particular because

these combinations are found in the two leading products.

The formal testing for publication bias that was proposed by

Egger et al. (21) could not be used due to insufficient statisti-

cal power because <10 studies were included in the meta-

analysis (12).

Results

Search and selection results

The PubMed-MEDLINE, EMBASE and Cochrane CEN-

TRAL searches resulted (Fig. 1) in 55 unique papers, which

were screened by title and abstract. After full-text reading, four

papers were excluded (Table 1 shows the reasons for exclusion).

This exclusion resulted in 11 full-text articles, plus an additional

four unpublished studies provided by Procter & Gamble Co.

Colgate and Unilever could not provide any unpublished work

for this review. Additional hand searching of the reference lists

of the selected studies yielded no additional papers.

Heterogeneity assessment of the selected studies

Considerable heterogeneity was observed with regard to the

study design, evaluation period, professional prophylaxis,

additional oral hygiene products used, funding sources and
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clinical indices used. Information regarding the study charac-

teristics, including the study population, is shown in

Table 1.

Study design

When considering heterogeneity, the evaluation of balancing

and stratifying the participants is a critical feature. Two studies

did not mention whether the groups were balanced (22; He J,

Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-

lished data is selected for this systematic review). Some of the

studies stratified and balanced their subjects by demographic

data (23–25; He J, Eynon H, Barker ML, Widmeyer V, Miner

M, 2011; He T, Barker ML, Miner M, White DJ, Sharma N,

Quaqish J, 2011; He T, Rooney J, Barker ML, Widmeyer V,

Miner M, 2011 these unpublished data’s are selected for this

systematic review). Other studies also stratified groups based on

clinical indices, such as gingival index and/or plaque index (23,

26–28). McClanahan balanced the subjects by gender and gingi-

vitis score after a 3-month pretest period. In three other studies,

the subjects were balanced only according to their baseline

plaque and gingivitis indices (9, 29, 30).

Differences were noted in the oral prophylaxis regimen.

Most of the trials did not mention oral prophylaxis before the

test period (22–28, 30–32; He J, Eynon H, Barker ML, Wid-

meyer V, Miner M, 2011; He T, Barker ML, Miner M, White

DJ, Sharma N, Quaqish J, 2011; He T, Rooney J, Barker ML,

Widmeyer V, Miner M, 2011 these unpublished data’s

are selected for this systematic review). The subjects in the

McClanahan study were enrolled in a 3-month pretest period

and received oral prophylaxis before and after the pretest.

During this pretest period, the subjects were instructed to

brush at least twice daily for a minimum 1-min period with a

sodium-fluoride-containing dentifrice packaged in a white

tube.

The protocols showed further differences. Most of the stud-

ies evaluated overnight plaque formation (9, 22, 24, 28, 29; He

J, Eynon H, Barker ML, Widmeyer V, Miner M, 2011; He T,

Barker ML, Miner M, White DJ, Sharma N, Quaqish J, 2011

these unpublished data’s are selected for this systematic

review). In these studies, the subjects were asked to refrain

from eating, drinking and smoking for 4 h prior to each study

examination. Only small sips of water were allowed. The sub-

jects in two other studies were not allowed to perform oral

hygiene or to consume anything at least 4 h prior to their

appointments (He T, Barker ML, Miner M, White DJ, Sharma

N, Quaqish J, 2011; He T, Rooney J, Barker ML, Widmeyer

V, Miner M, 2011 these unpublished data’s are selected for

this systematic review). The remaining studies did not

mention any specific requirements.

Interventions and regimens

Most participants in the studies selected for this review were

instructed to brush their teeth with either Tcs- or SnF-con-

taining dentifrice twice daily for 1 min. In some studies, the

subjects in the test and control groups were given different

advice, for example, concerning the duration of brushing (23,

24, 32; He J, Eynon H, Barker ML, Widmeyer V, Miner M,

2011; He T, Rooney J, Barker ML, Widmeyer V, Miner M,

2011 these unpublished data’s are selected for this systematic

review) and the allowance of rinsing after brushing (23, 24; He

J, Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-

lished data is selected for this systematic review).

Within the groups, dentifrices dispensed differed in their

additional ingredients. In the Tcs (Colgate� Total�; Menta-

dent P, Church & Dwight Co. Inc., Princeton, NY, USA)

group, all of the dentifrices containing 0.3% Tcs also contained

sodium fluoride in various concentrations and additionally con-

tained either a copolymer or zinc citrate.

All dentifrices in the SnF group contained 0.454% SnF and

either sodium hexametaphosphate and zinc lactate (Crest�

Pro-Health; The Procter & Gamble Co.) or stannous chloride

and sodium gluconate (Crest� Gum Care; The Procter &

Gamble Co.), as well as a silica abrasive base (Crest� Plus

Gum Care; The Procter & Gamble Co.). In a study by He

et al. (2009, unpublished data is selected for this systematic

review), two different SnF- and sodium-hexametaphosphate-

containing dentifrices (Experimental L and H) were evaluated.

A request for more details revealed that the formulations were

only slightly different. Experimental H was not marketed and

therefore was not analysed in our study.

Manual toothbrushes were used in all studies except for the

study by Biesbrock et al. (28). Here, the control group was

subdivided into a group using a manual toothbrush with an
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angled bristle surface configuration and another using a pow-

ered toothbrush, whereas the Tcs group was provided with a

manual multilevel toothbrush. For a balanced comparison with

the other data, the powered toothbrush data were not entered

into the meta-analysis.

Most of the studies did not allow any additional oral hygiene

products, whereas one study allowed routine oral hygiene

procedures (29). Instructions differed mainly in their procure-

ment. Most of the studies mentioned only verbal instructions

and did not mention any monitoring. In some studies, the sub-

jects were supervised at baseline (He J, Eynon H, Barker ML,

Widmeyer V, Miner M, 2011; He T, Rooney J, Barker ML,

Widmeyer V, Miner M, 2011; He T, Barker ML, Ohmer B,

Widmeyer V, 2009 these unpublished data’s are selected

for this systematic review) and after 3 or 4 weeks (24, 28;

He J, Eynon H, Barker ML, Widmeyer V, Miner M, 2011; He

T, Rooney J, Barker ML, Widmeyer V, Miner M, 2011; He T,

Barker ML, Ohmer B, Widmeyer V, 2009 these unpublished

data’s are selected for this systematic review) or twice daily at

the study site for 3 days each week (26). In two additional

studies, only the subjects in the Tcs group were supervised at

baseline (23, 32). Compliance in using the dentifrice was mon-

itored by Mankodi et al. (30) when the dentifrices were issued,

and the subjects returned their previous tubes. In another

study, compliance was monitored by a phone call at week 4.

In six studies, the patients in the test and control groups were

instructed differently (23, 24, 32; He J, Eynon H, Barker ML,

Widmeyer V, Miner M, 2011; He T, Barker ML, Miner M,

White DJ, Sharma N, Quaqish J, 2011; He T, Rooney J,

Barker ML, Widmeyer V, Miner M, 2011; He T, Barker ML,

Ohmer B, Widmeyer V, 2009 these unpublished data’s are

selected for this systematic review).

Clinical indices

In this review, different indices and their modifications were

used and are presented in the online Appendix S3A–D. Pla-

que was recorded either with the Turesky modification of the

Quigley–Hein Plaque Index (Q&H PI; 33) or the Rustogi

Modification of the Navy Plaque Index (RMNPI; 34).

For the gingival index, the L€oe and Silness Indexes (35)

were recorded using the original version or a modified version:

the 1967 modification (36), Mandel–Chilton modification (37)

or Lobene modification (38). Bleeding was recorded in six stud-

ies using the number of sites based on either the Gingival

Index grade 2 or 3 or on the gingival bleeding index (GBI)

grade 1 or 2. Bleeding was evaluated based on the GBI (39) or

as the number of bleeding sites based either on the Gingival

Index grade 2 or 3 or on the GBI grade 1 or 2. Six studies pre-

sented data on the number of bleeding sites (23, 27, 32, 40; He

T, Rooney J, Barker ML, Widmeyer V, Miner M, 2011; He T,

Barker ML, Ohmer B, Widmeyer V, 2009 these unpublished

data’s are selected for this systematic review). Following our

inquiry, these data were re-analysed, and the percentage of

bleeding sites was subsequently provided by the authors to

allow for a proper comparison with the data from other studies.

Funding source

Most of the studies mentioned some type of relationship

between the authors and the manufacturers of either the test

or control dentifrice. Twelve studies were industry funded

(nine by Procter & Gamble, three by Colgate-Palmolive). The

unpublished studies provided by Procter & Gamble did not

mention any sponsoring but were funded by the company.

Only the study by Owens (25) did not mention any sponsor-

ship or relationship with either product.

Quality assessment

Quality assessment parameters, including external, internal

and statistical validity, are shown in online Appendix S2.

Based on a summary of these criteria, the estimated risk of

bias was low to moderate.

Study outcomes

Changes within groups

Information regarding the study outcomes within groups is

presented in online Appendix S3A–D. A significant change

within the groups was observed in most of the studies. In the

McClanahan study, the plaque score was compared with the

situation after tooth cleaning; therefore, deterioration or

increased scores were observed. Both studies that evaluated

staining showed increases (27, 30).

Comparison between groups

Table 2 presents a summary of the descriptive data regarding

the significant differences between the Tcs and SnF groups.

Table 3 details the meta-analysis. For plaque reduction, Tcs

was significantly more effective than the SnF group in four

studies (9, 22, 29, 30), whereas in four other groups (24, 27,

28; He T, Barker ML, Miner M, White DJ, Sharma N,

Quaqish J, 2011, unpublished data is selected for this system-

atic review), the SnF-containing dentifrice was more effec-

tive. Two studies did not show any significant between-

group differences (25; He J, Eynon H, Barker ML, Widmey-

er V, Miner M, 2011, unpublished data is selected for this

systematic review).

Concerning average bleeding, five studies (23, 26, 27, 32;

He T, Rooney J, Barker ML, Widmeyer V, Miner M, 2011,

unpublished data is selected for this systematic review) found

a significantly greater reduction in bleeding tendency in the

SnF group. A statistically greater reduction in the gingival

index for the Tcs group was found in four studies (9, 22, 29,

30), and such a reduction was found in five studies for the

SnF group (23, 26, 27, 32; He T, Rooney J, Barker ML, Wid-

meyer V, Miner M, 2011, unpublished data is selected for this

systematic review).

For the parameters of gingivitis and plaque, a correlation

between the outcome and sponsorship was observed.
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In contrast, the studies that did not mention any sponsorship

or that were unpublished did not favour either of the

products.

Both studies evaluating staining demonstrated that tooth

discoloration was significantly greater for the SnF group in

both studies. In the study by Mankodi et al. (30), of the 122

subjects, four participants who had been using an SnF-contain-

ing dentifrice dropped out of the study after 3 months due to

tooth staining.

Only one study (He T, Barker ML, Ohmer B, Widmeyer V,

2009, unpublished data is selected for this systematic review)

did not mention any adverse effects on oral hard or soft tis-

sues, and no study mentioned any product-related reasons for

withdrawal, other than staining. In a long-term study by He

et al., three of 205 subjects withdrew because of adverse

events (one from the Tcs group and two from the SnF group),

which were mild but not further specified. Possible/probable

treatment-related adverse events were presented by 11% of

the subjects in the Colgate� Total� group and 16% of patients

in the SnF group. Most of these adverse events (94%) con-

sisted of desquamation of the mucous membranes and hyper-

esthesia.

Meta-analysis

A meta-analysis was performed to compare the effects of a

Tcs-containing dentifrice versus an SnF-containing dentifrice.

A summary is presented in Table 3. Further subanalysis was

performed to compare medium- and long-term studies, as well

as Tcs plus copolymer and SnF plus sodium hexametaphos-

phate (Colgate� Total� and Crest� Pro-Health�).

Overall analysis

Changes in the average bleeding scores were significantly in

favour with the SnF group [DiffM 0.02, 95% CI (0.01; 0.02);

P < 0.00001]. Assessing the Gingival index and its modifica-

tions resulted in a non-significant difference (DiffM �0.04,

95% CI �0.11; 0.04; P = 0.34). Focusing on the different mod-

ifications of the gingival index, only the Lobene modification

was significantly in favour of the SnF group, with a small

mean difference in means [DiffM 0.07, 95% CI (0.05; 0.09);

P < 0.00001].

With regard to plaque scores, seven studies evaluated the

Q&H PI, which showed beneficial effects for the Tcs group

[DiffM �0.29, 95% CI (�0.45; �0.13); P = 0.0004]. In the

Table 2. A summary of statistical analysis outcomes of Triclosan compared with Stannous fluoride-containing dentifrice

+, Intervention (Tcs) was significantly more effective; □, No data available; , No significant difference; �, Intervention was significantly less
effective; *, Additionally containing zinkcitrate; †, unpublished data is selected for this systematic review; Authors related to Procter &
Gamble; Authors related to Colgate.
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Table 3. Meta-analysis

Index Studies
Random/
Fixed

Time of
assessment DiffM 95% CI

Test for
overall
effect (P)

Test for
heterogeneity

P I2 (%)

(A) Overall: triclosan versus stannous fluoride

GI (total)

Archila et al. (2004)
Ayad et al. (2010)
Biesbrock et al. (2007)
Boneta et al. (2010)
He et al. (2009)
He et al. (2011a)
He et al. (2012a)
He et al. (2012b)
Mankodi et al. (2002)
McClanahan et al. (1997)
Owens et al. (1997)
Owens et al. (1997)*
Singh et al. (2010)

Random

Base 0.00 [�0.01; 0.02] 0.61 0.34 10

End �0.04 [�0.11; 0.04] 0.34 <0.001 97

L€oe-Silness

Archila et al. (2004)
Ayad et al. (2010)
Biesbrock et al. (2007)
Boneta et al. (2010)
McClanahan et al. (1997)
Singh et al. (2010)

Random

Base 0.03 [0.00; 0.05] 0.02 0.65 0

End �0.09 [�0.20; 0.03] 0.13 <0.001 95

Mandel-Chilton
Modification

Mankodi et al. (2002)
Owens et al. (1997)
Owens et al. (1997)*

Random
Base �0.04 [�0.08; �0.00] 0.05 0.99 0

End �0.08 [�0.28; 0.13] 0.45 <0.001 97

Lobene Modified
Gingival Index

He et al. (2009)
He et al. (2011b)
He et al. (2012a)
He et al. (2012b)

Random
Base 0.00 [�0.01; 0.02] 0.91 0.79 0

End 0.07 [0.05; 0.09] <0.001 0.42 0

Average GBI
Bleeding

Archila et al. (2004)
He et al. (2009)
He et al. (2011c)
He et al. (2012a)
He et al. (2012b)
McClanaham et al. (1997)

Random

Base 0.00 [�0.00; 0.01] 0.31 0.92 0

End 0.02 [0.01; 0.03] <0.001 0.01 67

Dif 0.02 [0.01; 0.02] <0.001 0.26 23

PS

Q&H PI
(1962)

Ayad et al. (2010)
Boneta et al. (2010)
Mankodi et al. (2002)
McClanahan et al. (1997)
Owens et al. (1997)
Owens et al. (1997)*
Singh et al. (2010)

Random

Base 0.03 [�0.01; 0.08] 0.16 0.61 0

End �0.29 [�0.45; �0.13] <0.001 <0.001 90

RMNPI
Biesbrock et al. (2007)
He et al. (2011a,b)
He et al. (2011c)
Sharma et al. (2013)

Random

Base 0.00 [�0.01; 0.01] 0.57 0.59 0

End 0.09 [�0.01; 0.18] 0.07 <0.001 97
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four studies that assessed RMNPI scores, no statistically sig-

nificant differences were observed [DiffM �0.09, 95% CI

(�0.01; 0.18); P = 0.07]. Heterogeneity was significant for all

plaque and gingivitis parameters, except for the Lobene

Modified gingival index.

Subanalysis of study duration

The long-term data (duration ≥6 months) supported the find-

ings of the primary meta-analysis. As for the overall analysis, a

minor but statistically significant difference was found in the

change in average bleeding sites [DiffM 0.02, 95% CI (�0.01;

0.03); P < 0.001]. The gingival index and its modifications

were consistently not different between the groups [DiffM

�0.06, 95% CI (�0.23; 0.10); P = 0.44].

The Q&H PI outcome was significantly in favour with the

Tcs group [DiffM �0.26, 95% CI (�0.34; �0.18); P < 0.00001].

No studies evaluating plaque according to the RMNPI were

included in this subanalysis.

Subanalysis of two specific formulations

Comparing the change in average bleeding with Colgate�

Total� and Crest� Pro-Health� in a subanalysis, a significant

Table 3. (Continued)

Index Studies
Random/
Fixed

Time of
assessment DiffM 95% CI

Test for
overall
effect (P)

Test for
heterogeneity

P I2 (%)

(B) Subanalysis on study duration analysing long-term studies (>6 months)

GI (total)

Archila (2004)
Boneta (2010)
He (2009)
Mankodi (2002)
McClanahan (1997)

Random

Base �0.01 [�0.03; 0.02] 0.50 0.38 5

End �0.06 [�0.23; 0.10] 0.44 <0.001 97

Average GBI
Bleeding

Archila (2004)
He (2009)
McClanaham (1997)

Random

Base 0.01 [�0.01; 0.02] 0.28 0.77 0
End 0.02 [�0.00; 0.04] 0.08 0.006 80
Dif 0.02 [0.01; 0.04] 0.008 0.23 33

PS Q&H PI
(1962)

Boneta (2010)
Mankodi (2002)
McClanahan (1997)

Fixed

Base �0.04 [�0.12; �0.05] 0.40 0.99 0

End �0.26 [�0.34; �0.18] <0.001 <0.001 93

(C) Subanalysis in BRAND: Colgate� Total� versus Crest� Pro-Health�

GI (total)

Archila et al. (2004)
Ayad et al. (2010)
Biesbrock et al. (2007)
Boneta et al. (2010)
He et al. (2009)
He et al. (2012a)
He et al. (2012b)
Singh et al. (2010)

Random

Base 0.01 [�0.00; 0.03] 0.12 0.57 0

End �0.04 [�0.13; 0.05] 0.41 <0.001 96

Average GBI
Bleeding

Archila et al. (2004)
He et al. (2009)
He et al. (2012a)
He et al. (2012b)

Random

Base 0.00 [�0.01; 0.01] 0.64 0.91 0

End 0.02 [0.00; 0.04] 0.02 0.004 78

Dif 0.02 [0.01; 0.03] <0.001 0.39 0

PS Q&H PI
(1962)

Ayad et al. (2010)
Boneta et al. (2010)
Singh et al. (2010)

Fixed
Base 0.03 [�0.04; 0.11] 0.36 0.76 0

End �0.45 [�0.55; �0.35] <0.001 0.28 21

RMNPI

Biesbrock et al. (2007)
He et al. (2011a,b)
He et al. (2011c)
Sharma et al. (2013)

Random

Base 0.00 [�0.01; 0.01] 0.57 0.59 0

End 0.09 [�0.01; 0.18] 0.07 <0.001 97

DiffM, difference in means; CI, confidence interval; GI, gingival index; GBI, gingival bleeding index; PS, plaque scores; *, Additionally
containing zinkcitrate Base, baseline investigation; End, end of investigation; Dif, difference between baseline and end of investigation.
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difference in favour with SnF was demonstrated [DiffM 0.02,

95% CI (0.01; 0.03); P < 0.00001]. As for the overall analysis,

the gingival index did not show a difference for the subanaly-

sis of brands [DiffM �0.04, 95% CI (�0.13; 0.05); P = 0.41].

The Q&H PI outcome was significantly in favour of Tcs

[DiffM �0.45, 95% CI (�0.55; �0.35); P < 0.00001]. The data

with regard to the RMNPI did not change because the studies

included in the overall analysis and in the subanalyses were

identical.

Grading the ‘body of evidence’

Table 4 shows a summary of the various aspects that were

used to rate the quality of the evidence and the strength of

the recommendations according to GRADE (41).

The data were generally estimated to have a moderate risk

of bias and possible publication bias. The data for the gingival

index and plaque scores were inconsistent. These findings led

to the conclusion that the strength of recommendation was

considered to be ‘weak’ for the gingival index and the plaque

scores and to be ‘moderate’ for bleeding. As the results were

inconclusive for the different parameters evaluated, the recom-

mendation to prefer either Tcs- or SnF-containing dentifrice

was considered ‘weak’.

Discussion

Colgate� Total� and Crest� Pro-Health� are the only two

dentifrices with antiplaque and antigingivitis properties

accepted by the ADA (42). This systematic review was

conducted to compare the effectiveness of a Tcs-containing

dentifrice and SnF-containing dentifrices with regard to gin-

givitis and plaque scores based on the currently available lit-

erature. The efficacy of the separate therapeutic agents was

already proven to be superior compared with a control based

on earlier systematic reviews (10, 11, 20, 43). The present

study was a systematic review of head-to-head comparisons.

The determination of the therapeutic relevance of the clini-

cal effects of SnF versus Tcs formulations for the reduction

in gingivitis is more relevant in a direct comparison of the

products.

Study characteristics: study quality assessment

All studies included in this review were RCTs. Nonetheless,

further data analysis revealed differences in the quality of the

study designs, for example, in the balancing of groups, per-

centage of dropouts and reported loss to follow-up. In the

study by Biesbrock (28), the conditions were different, apart

from the dentifrice intervention, as different types of manual

toothbrushes were used (angled in the SnF group and waved

in the Tcs group), which might have led to additional differ-

ences in outcomes. Slot et al. (44) have shown that the effect

of mechanical brushing is diverse and depends on the tooth-

brush type used. Chemical plaque inhibition could provide an

additional benefit with respect to plaque reduction.

Furthermore, different instructions given to each group in

some studies might have influenced the results (23, 24, 32; He

J, Eynon H, Barker ML, Widmeyer V, Miner M, 2011; He T,

Barker ML, Miner M, White DJ, Sharma N, Quaqish J, 2011;

He T, Rooney J, Barker ML, Widmeyer V, Miner M, 2011

these unpublished data’s are selected for this systematic

review). Furthermore, the study duration varied considerably

between studies. Therefore, a subanalysis of long-term

(≥6 months) studies was performed. Further differences were

noted in the statistics, for example, per protocol or intention-

to-treat analyses. None of the studies provided information

regarding allocation concealment or sample size calculation.

Assessing quality is important in interpreting differences in

outcomes and in limiting bias in systematic reviews. As all

studies provided information on sample size, outcomes and

standard errors/deviations, a meta-analysis could be performed,

but the studies were separately analysed based on the index

used.

No significant differences between groups were observed at

baseline. Therefore, the differences revealed in the meta-

analysis at the end of the study demonstrated true differences

in outcomes of the investigated products. Heterogeneity was

significant for all the plaque indices and for the gingivitis

index, with I2 showing values of 90–97%.

Further bias might have been related to the funding by

industry. Only one study (25) did not mention a relationship

between the authors and manufacturers. Correlations between

funding by industry and study outcomes have been frequently

observed in the literature (45–47), but this correlation has not

been generally observed (48). In this review, the studies that

did not show any between-group differences were either not

related to the industry or were unpublished. Moreover, Khan

et al. (48) demonstrated that studies funded by the industry

were more likely not to be published. The clinical investiga-

tion of the included studies was performed either at a univer-

sity setting or a research centre. Whether this introduced a

publication bias could not be assessed.

Compliance

The compliance of the given protocols should be considered

as an important factor in the study outcomes. Only a few stud-

Table 4. GRADE evidence profile of the difference between

Tcs and SnF-containing dentifrices in relation to the indices

evaluated

Outcome Gingival Index
Bleeding
score Plaque score

Risk of bias Moderate Moderate Moderate
Consistency Inconsistent Consistent Inconsistent
Directness Possibly

generalizable
Generalizable Possibly

generalizable
Precision Moderate Good Moderate
Publication
bias/Limitation

Possible Possible Possible

Strength of
recommendation

Weak Moderate Weak
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ies mentioned that compliance was evaluated. Although Man-

kodi et al. (30) monitored the use of dentifrice by evaluating

the returned tubes, they did not mention any outcomes related

to compliance. Other studies randomly controlled compliance

through monitoring at certain time intervals (24, 40, 49; He J,

Eynon H, Barker ML, Widmeyer V, Miner M, 2011, unpub-

lished data is selected for this systematic review). However,

once again, none of the studies mentioned compliance

outcomes.

Considering compliance, the Hawthorne effect plays a role

in evaluating prospective studies. The subjects are likely to

having changed their behaviour in the regarded studies. These

behavioural changes are most obvious at the beginnings of the

studies (16). Note that in an attempt to reduce the Hawthorne

effect, a pretest was performed in the McClanahan study (27).

During this 3-month period, the subjects were provided with a

sodium fluoride dentifrice packaged in uniquely labelled, iden-

tical white tubes, which mimicked the appearance of the tubes

that were subsequently used for the test products during the

treatment phase of the study. The Hawthorne effect might

possibly have abated in the five long-term studies.

Only five studies (9, 25, 27, 29; He T, Rooney J, Barker

ML, Widmeyer V, Miner M, 2011, unpublished data is

selected for this systematic review) evaluated a negative

control group provided with a sodium-fluoride-containing den-

tifrice in their study designs. A missing negative control arm

might have biased the analysis because an improvement might

have been observed as well in a negative control group. This

fact is most likely due to the Hawthorne effect. As we evalu-

ated head-to-head comparisons, this effect should have had a

similar influence on both of the evaluated groups. Neverthe-

less, a true estimate of the antigingivitis and antiplaque effects

cannot be obtained without a negative control group. The

ADA guidelines (14) on chemotherapeutic products for the

control of gingivitis (mentioned earlier) also consider antigingi-

vitis agents compared with a negative control.

Formulations

The higher substantivity of a dentifrice aligns with the longer

effectiveness of the active ingredients. Therefore, the proper-

ties of the active ingredient and its substantivity should be

considered as discriminating factors.

Sodium hexametaphosphate seems to influence the proper-

ties of SnF-containing dentifrices with regard to substantivity,

staining and calculus formation (50). Sodium hexametaphos-

phate is supposed to provide stronger attraction to calcium

hydroxyapatite in enamel and dentin, thereby resulting in

greater substantivity and an increase calcium hydroxyapatite’s

potential to prevent crystallization on the enamel surface (i.e.

calculus prevention) and stain-chromogen adsorption (50).

The improved efficacy and enhanced substantivity when

PVM/MA is added to a Tcs-containing dentifrice have been

demonstrated by several studies (51–53). This copolymer,

when combined with Tcs, ensures the delivery and retention

of the Tcs on the enamel and epithelial cells (51, 54).

In combination with zinc citrate, Tcs does not seem to be

as effective as when is formulated with Gantrez. Its effect ver-

sus a control was shown to be non-significant (20). Subse-

quently, a subanalysis of Tcs plus copolymer-containing

dentifrices was performed in the meta-analysis.

Tcs was clinically proved to reduce plaque and gingivitis in

an adult population. It is a bisphenolic antibacterial agent,

which has low toxicity and a broad spectrum of activity, being

effective against both Gram-positive and Gram-negative bacte-

ria (55). According to Fine et al. (56), the antimicrobial effects

of Tcs seem to be greater than those of SnF-containing denti-

frices. Fine et al. compared the reduction in six microbial

groups from four sites (i.e. plaque, saliva, the tongue and the

buccal mucosa) after brushing with a Tcs-, SnF- or sodium-

fluoride-containing dentifrice for 2 weeks. They found a sus-

tained and significantly greater reduction in all of the microbial

groups evaluated in all four oral environments. This finding is

also reflected in the meta-analysis of this review, in which the

effect on plaque score was greater with Tcs dentifrices.

Efficacy data

According to the acceptance program guidelines for chemo-

therapeutic products for the control of gingivitis, published by

the ADA and the Council on Dental Therapeutics (14), a

tested product should demonstrate a ≥15% reduction in gingi-

vitis in terms of efficacy, compared with a control product.

Therefore, the minor but significant difference in bleeding

index of 0.02 seemed to be clinically negligible.

The two different indices used in the selected studies to

evaluate the level of plaque accumulation demonstrated incon-

clusive results. The Q&H PI outcome was significantly in

favour with Tcs. This finding corroborates the findings of

Barnes et al., in whose 24-h plaque study the changes in the

Modified Gingival Margin Plaque Index were smaller in the

Colgate� Total� group, compared with the Crest� Pro-Health�

group (57). Despite these findings, the RMNPI outcome did

not demonstrate any difference between Tcs and SnF. Differ-

ent outcomes, depending on the index, were supported by

Biesbrock et al. (49), who found numerically higher values for

the Q&H PI, compared with the RMNPI. This difference was

also discussed by Slot et al. (44). A full explanation for this find-

ing could not be provided. Whether the indices analysed in this

systematic review are sensitive enough cannot be stated based

on this systematic review, but all of them are however com-

monly used in dentistry for this particular purpose.

Adverse events

Staining is a known complication with SnF-containing denti-

frices (11). Adding hexametaphosphate to the SnF dentifrice

formulation appears to reduce this risk. He et al. (31) demon-

strated, in a randomized, CCT, no statistically significant differ-

ences in the Lobene Staining Index over 5 weeks between

Colgate� Total and SnF-containing dentifrices. This finding

correlated with Schiff et al., who found only a minor increase
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after 6 months (58). Two of the included studies showed less

staining with Tcs, compared with SnF-containing dentifrices.

In contrast, we found less staining for the Tcs-containing denti-

frice in both studies that investigated staining (27, 30). These

conflicting outcomes might find their origin in the duration of

these two studies because the observation periods were

≥6 months. In a study by Paraskevas (59), 301 subjects, using

either amine fluoride/SnF dentifrice and mouth rinse or a regu-

lar sodium fluoride dentifrice, demonstrated a significantly

greater increase in staining for the SnF group. In this study, five

subjects in this group discontinued the study because they felt

that the staining was interfering with their social lives. Another

15 dropped out from either of the groups for unknown reasons.

According to a systematic review of Tcs-containing dentifrices,

the dropouts ranged from 1% to 13% and were all non-product-

related; no adverse events were reported (43).

The environmental and health effects of Tcs have been

widely discussed (60, 61). However, there has been no evidence

that Tcs is hazardous to humans. Some animal studies have

demonstrated an alteration in hormone regulation. Furthermore,

Tcs might influence bacterial resistance. Tcs is included in

many products in addition to dentifrices, such as soaps, deodor-

ants, toys and kitchen utensils (60, 61). As only small amounts

of dentifrices containing 0.3% Tcs are used, the total amount of

Tcs used in dentifrices is comparatively low. Nevertheless,

because of the above-mentioned concerns, SnF-containing den-

tifrices might be privileged in case of similar clinical results.

Limitations

*Although the major databases were used for the literature

search, papers might have been missed because they were

either not listed in these sources or because they were

published in languages other than English, Dutch or German.

*The four manuscripts with unpublished data that were

supplied by the manufacturer did not face a peer-review

process, which could introduce a bias. However, a detailed

quality assessment (online Appendix S2) of all included

studies has been performed.

*This review was also intended to address the parameters of

gingivitis in some studies; specifically, it was not clear

whether the selected subjects were true gingivitis patients.

The inclusion criteria ranged from the absence of the

description to the lack of advanced or untreated periodonti-

tis. This limitation hampers any extrapolation to subjects

with only gingivitis.

*Various toothbrush types were used in the studies included

and therefore evaluation of the added benefit of the toothpaste

between studies might be influenced by this diversity.

Recommendation for further research:

This review assessed the added effect of SnF and Triclosan

over the effect of mechanical toothbrushing alone. Future

studies should address standardization of toothbrushing tech-

niques and the quality of the toothbrush itself.

Conclusion

In the context of the inconclusive results for the primary out-

come variable of gingival health, it can be concluded that

there was a minor and, most likely, clinically insignificant

difference between Tcs- and SnF-containing dentifrices.

The meta-analysis of plaque reduction was also inconclu-

sive; whereas Tcs was more effective as assessed according to

the Q&H PI, the plaque scores did not substantiate this find-

ing when scored according to the RMNPI.
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ONLINE	Appendix	S1:		

Overview	of	excluded	studies	and	reasons	for	rejection	

	

Author(s),	(year)	
	

	

Reason	for	rejection	

Archila	et	al.	(2005)	
No	random	allocation	(only	non-responsives	to	
Colgate®	Total®,	who	did	not	demonstrate	a	positive	
effect	on	gingival	parameters	using	Tcs	in	a	previously	
performed	6-months	study)	

Shearer	et	al.	(2005)	
Study	period	21	days	

Schiff	et	al.	(2005)	
Only	lower	front	calculus	+	tooth	staining	evaluated	

White	et	al.	(2008)	
Study	period	1w	
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ONLINE	Appendix	S3	A	

Extracted	Data	from	included	studies	showing	gingival	index	means	and	standard	deviation	as	well	as	

statistical	analysis	within	groups	

#	 Index	

	
	
Intervention	
groups	
	

	
Mean	(SD)	
	

Significant	
	
Baseline	
	

	
End	
	

	
Difference	
	

Archila	et	al.	
	2004	
	

L&S	63	 Tcs	
	
SnF	

0.51(0.26)	
	
0.52(0.32)	

0.37(0.19	*)	
	
0.27(0.19	*)	

-0.14	*	
	
-0.25	*	

?	
	
?	

Ayad	et	al.		
2010	

L&S	63	 Tcs	
	
SnF	

1.81	(0.22)	
	
1.82	(0.21)	

1.33	(0.20)	
	
1.58	(0.22)	

-0.48	*	
	
-0.24	*	

+	
	
+	

Biesbrock	et	al.		
2007	

L&S	63	 Tcs	
	
SnF	

0.45	(0.31*)	
	
0.36	(0.22*)	

0.21	(0.13*)	
	
0.22	(0.13*)	

-0.24*	
	
-0.14*	

?	
	

?	
Boneta	et	al.		
2010	

L&S	63	 Tcs	
	
SnF	

2.17	(0.36)	
	
2.18	(0.40)	

1.16	(0.29)	
	
1.40	(0.28)	

-1.01	*		
	
-0.78	*	

+	
	
+	

Singh	et	al.		
2010	
	

L&S	63	 Tcs	
	
SnF	

1.13	(0.09)	
	
1.09	(0.09)	

0.74	(0.11)	
	
0.91	(0.13)	

-0.29	*	
	
-0.18	*	

+	
	
+	

McClanahan	et	al.		
1997	

L&S	67	 Tcs	
	
SnF	

0.70	(0.28*)	
	
0.67	(0.28*)	

0.51	(0.12*)	
	
0.41	(0.12*)	

-0.19	*	
	
-0.26	*	

?	
	

?	
Mankodi	et	al.		
2002	

MCmL&S	 Tcs	
	
SnF	

1.19	(0.10)	
	
1.12	(0.12)	

0.91	(0.10)	
	
1.17	(0.11)	

-0.28	*	
	
-0.05	*	

?	
	

?	

Owens	et	al.		
	1997	

MCmL&S	 Tcs	
	
Tcs*	
	
SnF	

1.41	(0.21)	
	
1.42	(0.25)	
	
1.45	(0.28)	

1.24	(0.12*)	
	
1.21	(0.12*)	
	
1.21	(0.12*)	

-0.17	*	
	
-0.21	*	
	
-0.24	*	

?	
	

?	
	
?	

He	et	al.		
2012a	

LmGI	 Tcs	
	
SnF	

2.08	(0.09)	
	
2.08	(0.09)	

1.93	(0.10)	
	
1.85	(0.12)	

-0.16	(0.04)	
	
-0.23	(0.06)	

+	
	
+	

He	et	al.		
	2012b	

LmGI	 Tcs	
	

SnF	

2.09	(0.09)	
	
2.08	(0.09)	

1.92	(0.13)	
	
1.83	(0.12)	

-0.17	(0.07)	
	
-0.25	(0.09)	

+	
	
+	

He	et	al.		
unpublished	
2009030	

LmGI	 Tcs	
	
SnF		

2.05	(0.11)	
	
2.05	(0.11)	

1.41	(0.20)	
	
1.36	(0.23)	

-0.64	(0.18)	
	
-0.69	(0.19)	

+	
	
+	

He	et	al.		
	unpublished	
2011037	

LmGI	 Tcs	
	

SnF	

2.03	(0.09)	
	
2.04	(0.09)	

1.86	(0.11)	
	
1.81	(0.12)	

-0.17	(0.05)	
	
-0.23	(0.05)	

+	
	
+	

	

*	 	 =	Additionally	containing	zinkcitrate	

L&S	 	 =	Löe-Silness	

MCmL&S	 =	Mandel-Chilton	modification	(1977)	of	Löe&Silness	40	

LmGI	 	 =	Lobene	Modified	Ginigval	Index		

5



88

2 

 
 

 

ONLINE	Appendix	S3	B	

Extracted	Data	from	included	studies	showing	bleeding	index	means	and	standard	deviation	as	well	

as	statistical	analysis	within	groups	

#	 Index	

	
	
Intervention	
groups	
	

	
Mean	(SD)	
	

Significant	
	
Baseline	
	

	
End	
	

	
Difference	
	

Archila	et	al.	
2004	
	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.25	(0.12)	*	
	
0.25	(0.16)	*	

0.18	(0.10)	
	
0.14	(0.10)	

-0.07	(0.12)	
	
-0.12	(0.16)	

+	
	
+	

McClanahan	et	al.			
1997	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.10	(0.08)	*	
	
0.09	(0.07)	*	

0.06	(0.05)	
	
0.04	(0.04)	

-0.04	(0.06)	
	
-0.06	(0.06)	

+	
	
+	

He	et	al.		
2012a	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.09	(0.07)	*	
	
0.09	(0.06)	*	

0.06	(0.05)	
	
0.04	(0.03)	

-0.03	(0.03)	
	
-0.05	(0.04)	

+	
	
+	

He	et	al.		
2012b	
	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.11	(0.07)	*	
	
0.10	(0.07)	*	

0.07	(0.06)	
	
0.04	(0.05)	

-0.04	(0.03)	
	
-0.06	(0.04)	

+	
	
+	

He	et	al.	
unpublished	
2009030	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.13	(0.08)	*	
	
0.13	(0.06)	*	

0.05	(0.03)	
	
0.05	(0.03)	

-0.07	(0.06)	
	
-0.08	(0.04)	

+	
	
+	

He	et	al.	
unpublished	
2011037	

Average	
GBI	
Bleeding	

Tcs	
	
SnF	

0.07	(0.04)	*	
	
0.07	(0.06)	*	

0.04	(0.04)	
	
0.03	(0.03)	

-0.03	(0.02)	
	
-0.04	(0.03)	

+	
	
+	

	
GBI	 =	Gingival	Bleeding	Index	42	

*	 =	Data	provided	on	request		
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ONLINE	Appendix	S3	C	

Extracted	Data	from	included	studies	showing	plaque	score	means	and	standard	deviation	as	well	as	

statistical	analysis	within	groups	

	
	
#	

	
	
Index	

	
	
Intervention	
groups	
	

	
Mean	(SD)	
	

	
	
Significant	
difference	
within	
group	

	
Baseline	
	

	
End	
	

	
Difference	
	

Ayad	et	al.		
2010	

Q&H	T.	 Tcs	
	
SnF	

2.73	(0.27)	
	
2.70	(0.24)	

1.85	(0.38)	
	
2.29	(0.46)	

-0.88	*	
	
-0.41	*	

+	
	
+	

Boneta	et	al.		
2010	

Q&H	T.	 Tcs	
	
SnF	

3.16	(0.64)	
	
3.19	(0.56)	

1.75	(0.65)	
	
2.36	(0.55)	

-1.41	*	
	
-0.83	*	

+	
	
+	

Mankodi	et	al.		
2002	

Q&H	T.	 Tcs	
	
SnF	

2.68	(0.37)	
	
2.71	(0.46)	

2.04	(0.37)	
	
2.51	(0.42)	

-0.64	*	
	
-0.2	*	

?	
	
?	

McClanahan	et	al.		
1997	

Q&H	T.	 Tcs	
	
SnF	

1.90	(0.55*)	
	
1.94	(0.55*)	

1.88	(0.5*)	
	
1.94	(0.5*)	

+0.25*	
	
+0.22*	

?	
	
?	

Owens	et	al.	
1997	

Q&H	T.	 Tcs	
	
Tcs†	
	
SnF	

2.13	(0.25)	
	
2.12	(0.21)	
	
2.04	(0.18)	

1.83	(0.18*)	
	
1.86	(0.18*)	
	
1.91	(0.17*)	

-0.30	*	
	
-0.26	*	
	
-0.13	*	

?	
	

?	
	

?	

Singh	et	al.		
2010	
	

Q&H	T.	 Tcs	
	

SnF	

2.34	(0.38)	
	
2.27	(0.41)	

1.38	(0.38)	
	
1.77	(0.46)	

-0.96	*	
	
-0.50	*	

+	
	
+	

Biesbrock	et	al.		
2007	

RMNPI	
Whole	
Mouth	

Tcs	
	
SnF	

0.39	(0.04*)	
	
0.40	(0.04*)	

0.26	(0.42*)	
	
0.21	(0.42*)	

-0.14	*	
	
-0.19	*	

?	
	
?	

He	et	al.		
unpublished	
2011115	

RMNPI	
Whole	
Mouth	

Tcs	
	

SnF	

0.63	(0.04)	
	
0.63	(0.04)	

0.35	(0.13)	
	
0.28	(0.15)	

-0.28	(0.11)	
	
-0.35	(0.14)	

+	
	
+	

He	et	al.	
unpublished	
2011021	

RMNPI	
Whole	
Mouth	

Tcs	
	

SnF	

0.60	(0.07)	
	
0.60	(0.06)	

0.18	(0.06)	
	
0.16	(0.06)	

-0.42	(0.08)	
	
-0.44	(0.06)	

+	
	
+	

Sharma	et	al.		
2013	

RMNPI	
Whole	
Mouth	

Tcs	
	

SnF	

0.63	(0.04)	
	
0.62	(0.04)	

0.50	(0.10)	
	
0.28	(0.10)	

-0.12	(0.08)	
	
-0.35	(0.08)	

+	
	
+	

	
*		 =	Calculated	by	the	authors	of	this	review	based	on	the	presented	data	in	the	selected	papers		

?		 =	Unknown	

†	 =	Additionally	containing	zinkcitrate	

Q&H	T.	=	Q&H	PI	Turesky	Modification	

RMNPI	 =	Rustogi	Modification	of	Navy	Plaque	Index		
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ONLINE	Appendix	S3	D	

Extracted	Data	from	included	studies	showing	staining	index	means	and	standard	deviation	as	well	as	

statistical	analysis	within	groups	

#	 Index	

	
	
Intervention	
groups	

	

	
Mean	(SD)	
	

Significant	
	
Baseline	
	

	
End	
	

	
Difference	
	

McClanahan	et	al.		
1997	

Meckel	
Index	

Tcs	
	
SnF	

1.16	(2.22	*)	
	
1.26	(2.84	*)	

1.51	(1.73	*)	
	
5.87	(5.32	*)	

+0.35	*	
	
+4.61	*	

?	
	
?	

Mankodi	et	al.		
2002	

Lobene	
staining	
index	
Intensity	

Tcs	
	
SnF	

0	*	
	
0	*	

0.576	(0.35)	
	
1.052	(0.48)	
	

+0.576	
	
+1.052	

?	
	
?	

Area	 Tcs	
	
SnF	

0	*	
	
0	*	

0.766	(0.39)	
	
1.425	(0.47)	

+0.766	
	
+1.425	

?	
	
?	

	
*		 =	Calculated	by	the	authors	of	this	review	based	on	the	presented	data	in	the	selected	papers		
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ONLINE	Appendix	S4	

Funnel	plot	of	the	Gingival	Index	
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ONLINE	Appendix	S5	
Forrest	plot	of	the	Gingival	Index	at	baseline	and	end	

	
	
	

Figure 2 Meta analysis Gingival index

Gingival index
Authors WMD (random) 95% CI

BASELINE END-TRIAL

Löe & Silness

Archila 2004

Ayad 2010

Biesbrock 2007

Boneta 2010

Mc Clanaham 1997

Singh 2010

Subtotal

Mandel-ChiltonModification

Mankodi 2002

Owens copolymer 1997

Owens zink 1997

Subtotal

Lobene Modification

He 2009030

He 2011037

He 2012a

He 2012b

Subtotal

Total

-0,05 0 0,05 0,1 -0,25 0 0,05 0,1

favours stannous favours triclosan favours stannous favours triclosan

WMD 0.00 (-0.01<>0.02, p=0.51) WMD -0.04 (-0.11<>0.4, p=0.34)

Test for heterogeneity p=0.34, I2= 10% Test for heterogeneity p<0.0001, I2= 97%

Figure 1. Ginvival data for the studies using dental floss. Forrest-plot demonstrating baseline and values for the Loë & Silness (1963) Plaque Index. The size of the box signifies the "weight"
or importance of the study. Weighted mean differences (WMD = ♦) between floss as an adjunct to toothbrushing and toothbrushing only are provided including the 95% confidence interval (CI).

-0.1 -0.1 

!!
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ORIGINAL ARTICLE

The effectiveness of dentifrices without and with sodium lauryl
sulfate on plaque, gingivitis and gingival abrasion—
a randomized clinical trial

S. Sälzer1,2 & N.A.M. Rosema2 & E.C.J. Martin2
& D.E. Slot2 & C. J. Timmer3 &

C. E. Dörfer1 & G.A. van der Weijden2

Received: 26 March 2015 /Accepted: 13 July 2015
# The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract
Objectives The aim of this study was to compare the efficacy
of a dentifrice without sodium lauryl sulfate (SLS) to a denti-
frice with SLS in young adults aged 18–34 years on gingivitis.
Material and methods One hundred twenty participants (non-
dental students) with a moderate gingival inflammation
(bleeding on probing at 40–70 % of test sites) were included
in this randomized controlled double blind clinical trial. Ac-
cording to randomization, participants had to brush their teeth
either with dentifrice without SLS or with SLS for 8 weeks.
The primary outcome was bleeding on marginal probing
(BOMP). The secondary outcomes were plaque scores and
gingival abrasion scores (GA) as well as a visual analogue
scale (VAS) score at exit survey. Baseline and end differences
were analysed by univariate analysis of covariance
(ANCOVA) test, between group differences by independent
t test and within groups by paired sample t test.
Results BOMP improved within groups from on average
0.80 at baseline to 0.60 in the group without SLS and to
0.56 in the group with SLS. No statistical difference for
BOMP, plaque and gingival abrasion was found between both

groups. VAS scores for taste, freshness and foaming effect
were significantly in favour of the SLS-containing dentifrice.
Conclusion The test dentifrice without SLS was as effective
as a regular SLS dentifrice on gingival bleeding scores and
plaque scores. There was no significant difference in the inci-
dence of gingival abrasion.
Clinical relevance In patients diagnosed with gingivitis, a
dentifrice without SLS seems to be equally effective com-
pared to a dentifrice with SLS and did not demonstrate any
significant difference in gingival abrasion. In patient with re-
current aphthous ulcers, the absence of SLS may even be
beneficial. However, participants indicate that they appreciate
the foaming effect of a dentifrice with SLS more.

Keywords Gingivitis . Plaque . Gingival abrasion .Manual
toothbrush . Dentifrice . Toothpaste . Sodium lauryl sulfate .

SLS

Introduction

The surfactant (or detergent) is an agent which is added to a
dentifrice in order to exert cleansing and antibacterial effects
through a surface action, depending on hydrophilic and hy-
drophobic properties [1]. The most widely used surfactant in
dentifrices is sodium lauryl sulfate (SLS) (C12H25NaO4S)
which has been used for more than 50 years [2]. SLS is the
sodium salt of lauryl alcohol (1-dodecanol). It is designated as
sulfuric acid monododecyl ester sodium salt. The most com-
mon used concentrations vary from 0.5–2 % [2]. However,
some manufacturers have moved away from SLS and intro-
duced other, less irritant surfactants. Dentifrices such as
Zendium® (Sara Lee, Amersfoort, The Netherlands) do not
contain SLS but contain alternatively less irritant surfactants
like non-ionic polyethylene glycol ethers of stearic acid (e.g.

* G.A. van der Weijden
ga.vd.weijden@acta.nl

1 Clinic for Conservative Dentistry and Periodontology; School for
Dental Medicine, Christian-Albrechts-University Kiel,
Kiel, Germany

2 Department of Periodontology, Academic Centre for Dentistry
Amsterdam (ACTA), University of Amsterdam and VU University,
Gustav Mahlerlaan 3004, 1081 LA Amsterdam, The Netherlands

3 Sara Lee Corporation, Amersfoort, Netherlands
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stearyl ethoxylate (30) EO). Toothpastes containing amine
fluoride such as olaflur typically do not contain added surfac-
tants as the amine cation functions as surfactant molecule.

Besides the enhancement of the foaming effect, surfactants
are thought to reduce the surface tension which also creates
the impression of cleanliness [3]. The surfactant also aids in
the intra-oral dispersion of toothpaste and in the micellization
of hydrophobic ingredients, such as flavour compounds and
antiplaque/antigingivitis actives [4]. Furthermore, SLS in-
hibits the growth of a number of microorganisms. The antimi-
crobial action of SLS is related to its adsorption and penetra-
tion through the porous cell wall followed by interaction with
components of the cell membrane, lipids and proteins. The
penetration of SLS into the membrane causes an increase in
cell permeability of the bacteria, which may result in leakage
of intracellular components and cell lysis [5]. These ‘in vitro’
data are supported by clinical results from studies on 1–1.5 %
SLS mouth rinse. These studies demonstrated plaque inhibi-
tion following twice daily usage [6–9]. According to a study
by Landa et al. [10] SLS might penetrate deeply into biofilms.

Besides these beneficial effects, SLS might have a negative
influence in patients with recurrent aphthous ulcers (RAU)
[11, 12, 4]. The mechanism by which SLS induces oral mu-
cosal desquamation is probably multi-factorial, due to the sur-
face active nature of this molecule. An SLS-induced elimina-
tion of the protective mucin surface layers may reduce the
resistance of the oral mucosa [13]. A relationship has been
shown between increased oral desquamation and the use of
different brands of commercially available dentifrices
[14–16]. In the study by Shim et al. [4] the duration of ulcers
and mean pain score were significantly decreased during the
period using SLS-free dentifrice compared to two SLS-
containing dentifrices (1.5 %). The leading toothpaste manu-
facturers still continue to utilize SLS because of its desired
foaming ability, acceptable taste and low cost in relation to
other surfactants. Only very few currently marketed tooth-
pastes contain a surfactant other than SLS [17].

With an obvious discrepancy between the beneficial effi-
cacy and potential side effects, the aim of this study was to
assess the effect on gingivitis and plaque scores of a dentifrice
without SLS compared to a standard dentifrice with SLS.

Material and methods

Ethical aspects

The study protocol was approved by the Medical Ethics Com-
mittee of the Academic Medical Centre in Amsterdam (MEC
# 06/233). All voluntary participants were informed of the
outline, purpose and duration of the study and signed an in-
formed consent form before enrolment.

Study population

The participants were non-dental students from University
colleges in and around Amsterdam. They were recruited by
email and flyer advertisement. One hundred and seventy adult
participants in good general health were screened out of which
50 were rejected because they did not meet the inclusion
criteria (see Fig. 1). Participants had to demonstrate at least
five evaluable teeth in each quadrant and gingival bleeding of
at least 40%.A total of 120 participants were enrolled into this
study. The sample size of 60 per group was calculated a priori
in such a way that with an alpha of 0.05, a difference of 0.18
(between groups) of the bleeding index can be identified with
80 % power, based on a pooled standard deviation (SD) of
0.34 derived from a previous study [18].

Study design

Eligible participants were randomly assigned to one of the
two experimental groups of 60 participants each. Randomi-
zation was performed using generated random numbers
(www.random.org). Allocation concealment was held by
the dentifrice manufacturer. All products were packed in
identical white tubes and were labelled by subject
identification number. Participants received a manual multi-
tufted soft toothbrush (filament 6–12 Nylon soft 6 mills, soft
heart white outer setting, concave profile cutting centre low-
est; Zendium Soft adult toothbrush). The participants re-
ceived one of two commercially available dentifrices, the
test dentifrice [TD⊖SLS] without SLS, the control with
dentifrice [CD⊕SLS]. The TD⊖SLS dentifrice contained
sodium fluoride 1100 ppm and the surfactant stearyl
ethoxylate (30) EO (Zendium® classic, Sara Lee, Amers-
foort, The Netherlands). The CD⊕SLS dentifrice contained
fluoride sodium monofluorophosphate 1000 ppm/sodium
fluoride 450 ppm and the surfactant sodium lauryl sulfate
1–5 % (Colgate® caries protection, Colgate-Palmolive Co.,
New York, NY, USA) [19]. The relative dentine abrasion
(RDA) of approximately 60–70 was of similar range for
both tested dentifrices [20].

All participants were provided with sufficient amount of
their assigned products. They were asked to brush for the total
duration of the study twice daily for 2 min, using only their
provided toothbrush and assigned dentifrice. The use of any
other dental products or interdental cleaning aids during the
study was not allowed. Participants were instructed not to
brush their teeth the evening before the clinical assessment
to allow for scoring of overnight plaque accumulation.

Parameters

This 8-week study was a double blind, randomized, controlled
clinical trial with a 4-week intermediate assessment using a half
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mouth score design [21] randomized at baseline. Two contra-
lateral quadrants were scored being the 1st and 3rd quadrant or
the 2nd and 4th quadrant depending on randomization. The
following indices were performed at baseline and at the 4 and
8 weeks evaluation. All measurements were performed by one
blinded examiner under the same conditions (NAMR).

The level of gingival inflammation was the primary out-
come of the study and was assessed according to the bleeding
on marginal probing (BOMP) index as described by Van der
Weijden et al. [22] and Lie et al. [23]. Bleeding was elicited
with a WHO-approved ball-ended probe (Ash Probe EN15,
DENTSPLY International, York, PA, USA). In brief, the

Screening (N= 170) 

Enrolment N= 120 

Statistical Analysis 
(N=58) 

Analysis  
Exit survey 
 (N=57) 

Excluded not meeting 
the criteria N = 50. 
Reason: 
N=34 less than 40% 
bleeding  
N=6 caries 
N=4 pockets>5mm 
N=1 orthodontics 
N=1 <5 elements. 
N=1 extreme calculus 
N=1 broken restoration. 
N=2 antibiotics. 

Lost to follow-up  
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Lost to follow-up  
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Fig. 1 Flowchart depicting subject enrolment and measurements
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gingival margin was probed at an angle of approximately 60°
to the longitudinal axis of the tooth. The absence or presence
of bleeding was scored within 30 s of probing on a scale of 0–
2 (0=non-bleeding, 1=pinprick bleeding, 2=excess bleeding)
[22, 24].

Secondary outcomes were the plaque scores and gingival
abrasion scores and the response to a questionnaire using vi-
sual analogue scales (VAS).

The plaque was measured according to the Modified
Quigley and Hein index at six sites per tooth on a six-point
scale (0–5) as described in detail by Paraskevas et al. [25].

Gingival abrasion sites were stained by applying Mira 2-
Ton blue ® on the gingiva as proposed by Danser et al. [26].
The abrasions were stained blue and measured by using a PQ-
William’s periodontal probe placed across the long axis of the
lesions. Abrasions were scored as Bsmall^ if ≤2 mm, as
Bmedium^ if ≥3 but ≤5 mm and as Blarge^ if >5 mm as pro-
posed by [27]. Those lesions measuring between 2 and 3 mm
were assigned a score of small or medium according to nearest
mm mark on the probe.

Participants were asked to fill out an exit survey at the end
of the trial period to assess their attitude to the assigned den-
tifrice and toothbrush. Visual analogue scales (VAS) [28] were
used in the majority of questions to assess the participants’
opinions (see Table 1). Participants were requested to mark a
point on a 10-cm-long uncalibrated line of which the two ends
annotated with each of the extremes of each query, the left
being the negative, and the right being the positive extreme.

Statistical analysis

Means and standard deviations for bleeding, plaque and gin-
gival abrasion for all complete cases were calculated and
analysed using SPSS 21 software [29]. Overall scores were
compared with a univariate analysis of covariance
(ANCOVA) test with baseline measurements as covariate

and week 8 as dependent variable. An independent t test was
used to test for statistically significant differences between
groups at each time point. Differences within the groups were
analysed using the paired sample t test, and confidence inter-
vals were generated; visual analogue scale outcomes were
analysed with an independent t test.

Results

The 120 enrolled subjects were aged between 18 and 34 years
(Table 1). During the study, there were four dropouts due to
scheduling conflicts and medical problems unrelated to the
study. In total, 116 participants completed the protocol. Even-
tually, 58 participants both in test and control group provided a
full set of evaluable clinical data. The means and statistics
were based on 116 participants that completed the protocol
as shown in Fig. 1. Because one participant failed to fill out
the exit survey, 115 participants completed the questionnaire.

The bleeding score did not differ significantly between
groups at baseline, 4 weeks nor at 8 weeks (Table 2). The
difference in mean bleeding scores within each group from
baseline to 8 weeks shows a statistically significant reduction
for both groups (P<0.001).

Correspondingly, no significant difference in plaque scores
between TD⊖SLS group and CD⊕SLSwere observed at any
time point (Table 2). Within both of the groups, plaque scores
reduced significantly during the study (P<0.001).

The overall analysis on gingival abrasions showed no dif-
ferencewithin the groups at any time point as shown in Table 3
There was no statistically significant difference between both
groups for overall abrasions. Most (94 %) of the abrasions
were small in size and therefore a sub-analysis was performed
for abrasions sites ≤2 mm as shown in Table 3. Small abra-
sions between both groups showed no statistical significant
difference at any time point. Regarding the taste, freshness

Table 1 Subjects demographics and group assignment

Groups Test dentifrice without SLS, [TD⊖SLS] Control dentifrice with SLS, [CDS⊕SLS]

N 58 58

Female 50 (86 %) 41 (71 %)

Male 8 (14 %) 17 (29 %)

Mean age in years (standard
deviation; range)

21.33 (SD 2.53; 18–29) 21.76 (SD 3.59; 18–34)

Brand Zendium® classic Colgate® caries protection

Contents Sodium fluoride 1100 ppm
Surfactant stearyl ethoxylate (30) EO
RDA±60

Fluoride sodium monofluorophosphate 1000 ppm
Sodium fluoride 450 ppm
Surfactant sodium lauryl sulfate 1.5 %
RDA±70

RDA relative dentin abrasion score
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and the foaming effect, a significant difference between both
groups was observed (Table 4).

Discussion

The aim of this study was to assess the efficacy of a dentifrice
without SLS in comparison to a dentifrice containing SLS as a
surfactant. The alternative hypothesis that was used for this
study assumed that there was a statistically significant differ-
ence between the efficacy of TD⊖SLS and CD⊕SLS. To the
best of our knowledge, this is the first efficacy study that
compared an SLS-free dentifrice containing stearyl ethoxylate
(30) EO as a surfactant to an SLS-containing dentifrice.

Neither the primary parameter of bleeding nor the secondary
parameter of plaque showed statistically significant differ-
ences between the two groups of this study. Correspondingly,
no significant difference in side effects as assessed by scoring
the number of gingival abrasion sites was observed. However,
the present study showed that the participants in the CD⊕SLS
group who used the surfactant SLSwhere more satisfied about
the taste, the freshness and the foaming effect than those par-
ticipants in the TD⊖SLS group.

In clinical studies oral epithelial sloughing, ulcerations and
inflammation caused by SLS have been observed [30, 31, 16].
The impairment of the barrier function of oral mucosa by
denaturing the glycoproteins of the mucin layer through SLS
dentifrice might lead to a higher vulnerability of the gingival

Table 2 Mean (standard deviation) total bleeding scores [24] and total
plaque scores [25]. Half mouth scores were performed as described by
Bentley & Disney [21]. Overall statistics show no significant difference

between both groups. Paired sample t test shows a statistical significant
difference for bleeding on marginal probing within the groups

Baseline Week 4 Week 8 Diff (base‐
8 weeks)

Statistics within
groups 0–8 weeksa

ANCOVAb

Bleeding scores TD⊖SLS (N=58) 0.80 (0.19) 0.64 (0.18) 0.60 (0.23) 0.20 (0.22) P<0.001 P=0.347
CD⊕SLS (N=58) 0.80 (0.19) 0.64 (0.19) 0.56 (0.24) 0.24 (0.23) P<0.001

P values analysis between groupsc P=0.923 P=0.959 P=0.375 P=0.403
95 % CI −0.07; 0.07 −0.07; 0.07 −0.05; 0.12 −0.48; 0.12

Plaque scores TD⊖SLS (N=58) 2.05 (0.47) 1.96 (0.38) 1.88 (0.36) 0.18 (0.36) P<0.001 P=0.690
CD⊕SLS (N=58) 1.99 (0.46) 1.90 (0.41) 1.82 (0.42) 0.17 (0.31) P<0.001

P values analysis between groupsc P=0.437 P=0.414 P=0.406 P=0.912

95 % CI −0.10; 0.24 −0.09; 0.21 −0.08; 0.20 −0.13; 0.12

95 % CI 95 % confidence interval
a Paired Sample t test
b ANCOVA (baseline as covariate and week 8 as dependent variable)
c Independent t test

Table 3 Mean (standard deviation) total gingival abrasion sites: overall
analysis including small (2≤mm), medium (≥3 mm −≤5 mm) and large
(>5 mm) lesions; sub-analysis including small (≤2 mm) lesions. Half-
mouth scores were performed as described by Bentley & Disney [21].

Overall statistics show no differences between both groups for each visit.
Within groups difference (paired sample T tests) were statistical
significant within groups for total abrasions and within neither group
for small abrasions

Baseline Week 4 Week 8 Diff (base‐
8 weeks)

Statistics within
groups 0–8 weeksa

ANCOVAb

Gingival abrasions
Overall

TD⊖SLS (N=58) 4.72 (5.11) 5.36 (4.84) 5.39 (5.29) −0.67 (5.67) P=0.370 P=0.706
CD⊕SLS (N=58) 5.60 (5.32) 4.03 (4.17) 5.30 (4.09) 0.31 (6.32) P=0.710

P values analysis between groupsc P=0.366 P=0.116 P=0.906 P=0.380

95 % CI −2.80; 1.04 −0.33; 2.99 −1.64; 1.84 −3.20; 1.23
Gingival abrasions
Small

TD⊖SLS (N=58) 4.47 (4.86) 4.79 (4.43) 5.19 (5.13) 0.72 (5.43) P=0.315 P=0.811
CD⊕SLS (N=58) 5.10 (4.92) 3.78 (3.77) 5.16 (3.93) 0.05 (5.97) P=0.948

P values analysis between groupsc P=0.484 P=0.186 P=0.968 P=0.527

95 % CI −2.44; 1.16 −0.50; 2.53 −1.65; 1.72 −1.43; 2.77

95 % CI 95 % confidence interval
a Paired sample t test
b ANCOVA
c Independent t test
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and buccal mucosa to irritants such as exogenous antigens [3,
13]. The elimination of the mucin layer can bemediated by the
calcium binding capacity of SLS molecules [3]. Mucin is the
principal organic constituent of mucus, the visco-elastic ma-
terial that covers all mucosal surfaces, and plays an essential
role in the non-immune protection of the mucosal surfaces
[32]. Surfactants might be responsible for a reduction in the
level of keratinization of the human oral epithelium, probably
due to rupture of the intercellular junction [33]. Widening of
the stratum corneum because of separation and loss of surface
epithelial layers by SLS has also been observed in an experi-
mental model [2].

Thus, SLS is believed to increase the incidence of recur-
rent aphthous ulcers [2, 12, 13] by disintegration of the
mucin layer, denaturation of proteins in the epithelial cells,
solubilization of structural lipids of the cells and, finally,
penetration of SLS into deeper layers of the mucosa where
functions of the living tissue may be compromised [2]. The
sensitivity to low concentrations of SLS was much higher
for the oral mucosa than for the skin in animal models [34].
It is well known that SLS is an irritant to skin at high
concentrations and that repeated application results in a
dose-dependent contact dermatitis [35, 36]. According to
the American College of Toxicology, in products intended
for use on the skin and for prolonged contact, the concen-
tration of SLS should not exceed 1.0 % [37]. However, in
the case of the oral cavity, prolonged contact does not occur
since the mucosal tissues are constantly being bathed by
saliva. It has been shown that very little SLS is retained in
the oral cavity. In the case of tooth brushing, approximately
9.6 mg SLS is retained after 20 min. The total area of the
oral cavity is approximately 210 cm2; hence, it can be de-
duced that the maximum amount of SLS bound per cm2

would be 0.046 mg, a level at least 100-fold below that
which is needed to cause irritation [38].

Although SLS is themost frequently used surfactant world-
wide, there are alternatives that have less side effects such as
stearyl ethoxylate or Alkyoamidobetaines [2]. As dentifrices
with and without SLS clinically showed no difference in the
present study with regard to gingivitis and plaque, an SLS-free
dentifrice could be recommended to patients suffering from
recurrent aphthous ulcers. Whether the frequency of recurrent
aphthous ulcers is reduced when people start to brush with an
SLS-free dentifrice remains still part of a discussion [11, 12,
4]. The reduction of aphthous ulcers might be dependent on
the different brands of commercially available SLS-free den-
tifrices [14–16]. SLS-free dentifrice does seem to affect the
ulcer healing process and reduces pain caused by the aphthous
ulcers in daily lives of susceptible patients [4, 2].

Another side effect that has been reported is a reduced
perception of taste after rinsing with a 1 % SLS solution,
which can last for up to 4 h [7]. The turnover of taste cells
alters and the SLS interferes with the inner mechanisms of the
taste cells [39]. This has also been described as the ‘orange
juice effect’. That is, when consuming a citrus juice drink just
after toothbrushing with an SLS dentifrice, SLS causes an
astringent and unpleasant taste sensation.

Local physical trauma may initiate ulcers in susceptible
people [40, 41]. The present study therefore also investigated
whether SLS influences the susceptibility to gingival abra-
sions following toothbrushing. No difference was found in
the incidence between brushing without or with an SLS-
containing dentifrice. These findings are in further support
of the conclusion by Versteeg et al. [42] that dentifrice does
not contribute to increased post-brushing gingival abrasion. In
their study, they used a non-SLS dentifrice and found no dif-
ference in the incidence of gingival abrasion between bushing
with or without a dentifrice.

However, in order to gain more representative data
concerning the effectiveness of dentifrices without SLS,

Table 4 The outcomes presented in mean and (standard deviation) of the questionnaire were analysed with an independent t test to calculate the mean
difference between groups, based on the VAS [28] with extremes to very unpleasant and very pleasant (from 0 to 10)

Question With extremes TD⊖SLS
group N=58

CD⊕SLS
group N=57

P value [95 %
confidence interval of
the difference
between groups]

From (0) To (10)

Taste perception How was the taste of the dentifrice? Very unpleasant Very pleasant 5.40 (1.90) 6.87 (1.74) P<0.001 −2.15, −0.80
Freshness of the

dentifrice
A What is your opinion about the

freshness of the dentifrice?
Stale Fresh 4.64 (2.49) 6.29 (2.00) P<0.001a −2.49; −0.82

B Did you find it….? Not fresh at all Too fresh 3.49 (1.71) 4.45 (1.37) P=0.001a −1.53; −0.39
Duration of taste How long did the taste remain? Very short Very long 3.64 (1.45) 3.90 (1.49) P=0.347a −0.80; 0.28
Alteration of the taste

sensation
How was your taste of food and

drinks affected?
Negative change Positive change 4.85 (1.11) 4.38 (1.59) P=0.066a −0.03; 0.98

Foaming effect What do you think about the
foaming effect?

Too little foam Too much foam 4.24 (1.62) 5.72 (2.04) P<0.001a −2.16; −0.80

a Independent t test
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further long-term studies preferably of at least 6-months dura-
tion evaluating various dentifrices not containing SLS are
needed.

Conclusion

The test dentifrice without SLS was as effective as a regular
SLS dentifrice on gingival health and plaque index scores. In
addition to the expected foaming effect, an SLS-containing
dentifrice was also significantly more appreciated toward taste
perception, freshness and duration of taste.
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The effectiveness of a dentifrice

without sodium lauryl sulphate on

dental plaque and gingivitis – a

randomized controlled clinical trial

Abstract: Objectives: The purpose of the study was to evaluate the

effect on dental plaque and gingivitis of a dentifrice without sodium

lauryl sulphate (SLS) compared to two SLS-containing dentifrices.

Material and methods: For this double-blind, parallel study, 90

volunteers having moderate gingival inflammation (≥40%) were

randomly divided among three groups: one group using non-SLS

dentifrice containing enzymes, colostrum and low concentrations of

zinc and two control groups each using different SLS-containing

dentifrices. Dental plaque scores (Turesky modification of Quigley &

Hein) and gingivitis scores (Bleeding On Marginal Probing) were

assessed at baseline, after 2 and 4 weeks. Results: Eighty-nine

participants provided evaluable data. A slight decrease in gingivitis

scores was observed for all groups over 4 weeks, which was

statistically significant for the non-SLS group. Mean values for dental

plaque scores did not show major differences over 4 weeks. For both

parameters, no significant differences between groups could be

observed at any time point. Patient appreciation was in favour of the

SLS groups especially regarding the foaming effect. Conclusion: No

significant differences could be observed with respect to the effect on

plaque and gingivitis between SLS-containing and SLS-free dentifrice

containing enzymes, colostrum and low concentration zinc. Patients

enjoyed the duration of taste and the ‘foaming effect’ of SLS-

containing dentifrices better.

Key words: colostrum; dental plaque; dentifrice; enzymes; gingivitis;

sodium lauryl sulphate

Introduction

Control of plaque on the tooth surfaces is the most important method of

controlling dental disease. A manual toothbrush used with a dentifrice is

the most popular mechanical method of plaque control. This non-specific

approach of reducing microbial biofilm is effective in the majority of

cases where access to the plaque deposits is possible (1). In spite of the

efforts of the industry to improve toothbrush type and design, most peo-

ple reduce dental plaque scores only by approximately 30–50% following

a single brushing exercise. The measured effect is dependent on the pla-

que index used (2). Dentifrices provide an emotional benefit during

toothbrushing adding a pleasant feeling of cleanliness (3). This effect is

mainly attributed to the foaming properties of the surfactant (detergent)

added to dentifrice (3, 4). The foaming effect may also be beneficial in

Int J Dent Hygiene || 1

6b



106

clearing the loosened plaque from the teeth. However, insuffi-

cient evidence exists concerning the role of the surfactant in

the plaque-removing effectiveness of dentifrices (5).

Sodium lauryl sulphate (SLS) (C12H25NaO4S) is the most

widely used surfactant in dentifrices. Only few currently mar-

keted toothpastes contain a surfactant other than SLS (6). The

preference for SLS is due to its desired foaming ability,

acceptable taste and low cost in relation to other surfactants.

Besides the beneficial effects, SLS may lead to mucosal

desquamation or ulceration (7–10), thereby eliminating the

protective mucin surface layers and reduce the resistance of

the oral mucosa (11). This commonly leads to burning sensa-

tion and mucosal erosion (12). Due to its dehydrating and irri-

tating effects on mucous membranes, SLS might have to be

avoided by bedridden patients or those with a dry mouth and

sensitive mucosa (13). In patients suffering from recurrent aph-

thous ulcers (RAU), SLS seems to increase the incidence as

well as the duration of the lesions (11, 14–17). The mechanism

by which SLS induces oral mucosal desquamation is probably

multifactorial, due to the surface-active nature of this mole-

cule. Presumably, the mucin layer is disintegrated, followed by

denaturation of proteins in the epithelial cells, solubilization of

structural lipids of the cells, and finally penetration of SLS

into deeper layers of the mucosa where functions of the living

tissue may be compromised (14).

The safety of SLS was fully assessed by the Cosmetic

Ingredient Review and found to be safe for use in cosmetic

and personal care products (18, 19). SLS is allowed to be used

in cosmetics following the European Cosmetic Legislation

(20). However, laymen’s literature points to SLS as a poten-

tially perilous ingredient in personal care products and there is

a calling for SLS-free dentifrices (21–24). Some manufacturers

have moved away from SLS and introduced other, less irritant

surfactants like non-ionic polyethylene glycol ethers of stearic

acid (e.g. Steareth-30). Steareth-30 is integrated for example in

Zendium� dentifrice (Sara Lee, Amersfoort, The Nether-

lands). Toothpastes containing amine fluoride such as olaflur

typically do not contain added surfactants as the amine cation

functions as surfactant molecule (6).

This study was initiated, to evaluate during a 4-week period,

the efficacy of a marketed non-SLS dentifrice based on

enzymes and containing, colostrum, lysozyme and zinc, with

respect to dental plaque growth inhibition and the effect on gin-

gival inflammation in comparison to two marketed SLS-contain-

ing dentifrices. The study design followed the American Dental

Association (ADA) Acceptance Program Guidelines (25).

Material and methods

Participants

The participants were non-dental students from colleges/uni-

versities in and around Amsterdam. They were recruited by

e-mail and flyer advertisement. One hundred and twenty-six

adult participants, in good general health, were screened at the

Department of Periodontology, Academic Centre for Dentistry

Amsterdam (ACTA). Before screening for their suitability,

they were requested to give their written informed consent.

Participants had to demonstrate at least 5 evaluable teeth in

each quadrant and at least 40% Bleeding On Marginal Probing

(BOMP) without periodontal pockets ≥5 mm. They could not

be allergic to milk and egg protein. A total of 90 participants

were found eligible and willing to be enrolled into this study.

A sample size of 90 participants (30 experimental subjects

and two groups of 30 control subjects) was calculated ‘a priori’

in such a way that with an alpha of 0.05, a true difference in

the experimental and control means of 0.15 of the gingivitis

score (BOMP) can be identified with 82% power, based on a

pooled SD of 0.23 derived from a previous study (26).

Ethical aspects

The study was conducted in accordance with the ethical prin-

ciples that have their origin in the Declaration of Helsinki and

consistent with Good Clinical Practice guidelines. Medical

ethics approval was obtained (MEC # 10/230). All participants

received oral and written information about the products and

purpose of the study and signed an informed consent form

before enrolment.

Study design and procedures

This study was designed as double-blind, 3-group parallel, 30-

day home use experiment.

According to a randomization list, participants were ran-

domly assigned to one of three groups (Table 1):

1 Non-SLS group [Non-SLS]: using regular marketed denti-

frice containing enzymes, colostrum and low concentration

zinc;

2 Control group 1 [CTRL1]: using marketed desensitizing

dentifrice containing sodium lauryl sulphate;

3 Control group 2 [CTRL2]: regular dentifrice group;

Randomization was performed using true random numbers

generated by atmospheric noise (www.random.org). The allo-

cation of products was carried out by a third person not

directly involved in the research project. After screening, when

suitability was confirmed, all participants were instructed to

refrain from brushing their teeth commencing the evening

prior to their appointments at baseline, at 2-week and at 4-

week assessments. To assure overnight dental plaque forma-

tion, participants received an SMS reminder message prior to

the appointment.

At baseline, all teeth were examined for dental plaque and

gingivitis. Subsequently, all participants received a sufficient

amount of their products being a soft, multitufted manual

toothbrush (filament 6–12 Nylon soft 6 mills, soft heart white

outer setting, concave profile cutting centre lowest; Zendium�

Soft adult toothbrush: Tandex A/S, Lynge, Denmark), their

assigned dentifrice and a 2-min timer. The dentifrices were

identically packed to maintain blindness of the participants to

the study group assignment.
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Subjects were asked to brush twice daily for 2 min for the

total duration of the study, using only their provided tooth-

brush and assigned dentifrice. Subjects were requested not to

use any other dental products or interdental cleaning aids dur-

ing the study. To safeguard compliance, a brushing diary was

provided and subjects were requested to register the exact

time of brushing each day. No instruction in brushing tech-

nique was given in order to be able to assess primarily the

effect of the dentifrices under investigation. Instruction in

brushing technique was considered to interfere with the main

objective of the study. Dentifrice was weighed prior to and

after completion of the study in order to be able to measure

the amount of dentifrice used per subject.

At the follow-up assessments, 2 weeks and at 4 weeks later,

the same clinical assessments as at baseline (TQHPI and

BOMP) were recorded. All examinations were performed by

the same examiners (NLHH: BOMP & GVA: TQHPI) under

the same conditions. At the time of the assessments, the

examiners were unaware of the group allocation of the partici-

pants. Records of earlier examinations were not available to

the examiners at the time of each examination.

Clinical assessments

At the start of the experiment, subjects received a unique trial

number and subsequently were assessed for the clinical param-

eters (dental plaque and gingivitis). All teeth were examined

for both parameters at six sites per tooth (disto-buccal, mid-

buccal, mesio-buccal, disto-lingual, mid-lingual, mesio-lingual)

except for 3rd molars.

Dental plaque was assessed using the Turesky modification

of the Quigley & Hein (27) plaque index (TQHPI) as

described in detail by Paraskevas et al. (28) where the ‘ab-

sence’ or ‘presence’ of plaque is recorded on a 6-point scale (0

–5, 0 = no plaque, 5 = plaque covered more than two-thirds of

the tooth surface). Plaque was disclosed using a new cotton

swab with fresh disclosing solution (Mira-2-Ton�; Hager &

Werken GmbH & Co. KG. Duisburg, Germany) for each

quadrant.

Gingivitis was assessed using the bleeding on marginal prob-

ing (BOMP) score as described by Van der Weijden et al. (29)

and Lie et al. (30). In short, the gingival margin is probed at

an angle of approximately 60° to the longitudinal axis of the

tooth and the absence or presence of gingival bleeding is

scored within 30 s of probing on a scale of 0–2 (0 = non-bleed-

ing, 1 = pinprick bleeding, 2 = excess bleeding).

At the end of the trial period after the last assessment, sub-

jects were asked to fill out a questionnaire to evaluate their

attitude towards the assigned dentifrice and toothbrush. Visual

analogue scales (VAS) were used in the majority of questions

to assess the panellists’ opinions (31). Subjects were requested

to mark a point on a 10-cm-long uncallibrated line of which

the two ends annotated each of the extremes of the query, the

left being the ‘negative’ and the right being the ‘positive’

extreme.

Statistical analysis

The unit of analyses was the individual subject, and full

mouth mean plaque and gingivitis scores were calculated for

each episode. Means and standard deviations for all complete

cases were calculated and analysed using SPSS 21 software

(SPSS Inc.,Chicago, Illinois, USA). Kruskal–Wallis tests were

used to compare scores for all groups at each assessment.

Comparisons between groups over time were made for both

assessments (TQHPI & BOMP) using an ANCOVA analysis,

with measurements at 4 weeks as dependent variable and

baseline scores as a covariate. Explorative analysis was per-

formed by comparing groups for all assessments at each time

point using the Mann–Whitney test. For each group, explo-

rative analysis was also performed by comparing data of each

follow-up assessment with baseline data, using a Wilcoxon

test. Data concerning items of the questionnaire using VAS

scale data were analysed per ‘intention to treat’ using ANOVA

Table 1. Participants demographics and group assignment

Groups Non-SLS* (without SLS) CTRL1* (with SLS) CTRL2* (with SLS)

N 30 29 30
Female 24 17 24
Male 6 12 6
Mean age in years (SD) [range] 21.8 (3.30) [18–34] 21.7 (2.51) [18–28] 22.6 (3.17) [18–32]
Product brand name
Manufacturer

Zendium� Classic
Sara Lee, Amersfoort,
The Netherlands

Sensodyne� F†

GlaxoSmithKline,
Philadelphia, PA, USA

Colgate� Caries protection
Colgate-Palmolive Co., New York,
NY, USA

Contents Sodium fluoride(1100 ppm)
Colostrum
Zinc
Abrasive: Hydrated silica
Surfactant: Steareth-30

Sodium fluoride
(1450 ppm)
Potassium Nitrate
Abrasive: Hydrated silica
Surfactant: sodium lauryl sulphate

Sodium fluoride (450 ppm)
Sodium monofluorphosphate
(1000 ppm)
Surfactant: sodium lauryl sulphate

Used amount of dentifrice
in grams (SD)

52.1 (21.7) 45.2 (16.1) 61.0 (24.8)

*All three toothpaste have a reported relative dentin abrasion (RDA) value of approximately 70.
†At present, this product is marketed as a SLS-free dentifrice.
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and t-tests. P-values ≤0.05 were considered as statistically sig-

nificant.

Results

Study population

During screening, 36 subjects were rejected for participating

in the study due to various reasons (Fig. 1). These included

not fulfilling the minimum 40% of gingival bleeding (28),

schedule conflicts arising prior to the start of the study (7) and

untreated dental caries (1). A total of 90 subjects were enrolled

in the study. All subjects were in good general health and

were not taking any medication that could interfere with the

study outcomes. With a total of one drop out, due to a sched-

ule conflict during the study, 89 subjects completed the proto-

col and provided data for statistical analyses. The study

population comprised 24 males and 65 females with a mean

age of 22.0 years (range 18–34) (Table 1).

Compliance

Reweighing the used tubes of dentifrice resulted in an overall

average dentifrice use of 52.9 gr (SD 21.9) used per subject

during the 30-day trial period. This represents an average

amount of 1.0 gr per brushing episode. The CTRL2 group

(61.0 gr) used significantly more (P = 0.005) dentifrice than

the CTRL1 group (45.2 gr). The non-SLS group used 52.1 gr

during the test period (Table 1). The brushing calendars indi-

cated that there was a variation of moments the participants

performed their twice-daily brushing, but no protocol devia-

tions were apparent.

Dental plaque scores

At the first session (baseline), mean plaque scores were

approximately 2.0 for all groups. No significant difference

among groups could be observed at either one of the sessions

(2 week and 4 week) (Table 2).

Gingivitis scores

Mean gingivitis scores were not significantly different between

groups at baseline, 2 weeks and 4 weeks. The small decrease

in the test group in gingivitis score (0.09) from baseline (1.03)

to 4 weeks (0.94) was statistically significant (P = 0.002)

(Table 3).

Questionnaire

At the end of the 4-week session, subjects were asked to fill

out a questionnaire designed to evaluate their attitudes to the

Fig. 1. Flowchart depicting participant enrolment and measurements.

Table 2. Mean (standard deviation) total dental plaque (TQHPI)
scores (Paraskevas et al. (28)). Overall statistics show no signif-
icant difference between both groups. Paired sample t-test
showed no a statistical significant difference within the groups

Group
Session 1
Baseline

Session 2
2 weeks

Session 3
4 weeks

Non-SLS
(N = 30)

1.97 (0.38) 2.04 (0.31) 2.01 (0.28)

CTRL1
(N = 29)

2.02 (0.40) 2.01 (0.39) 1.97 (0.36)

CTRL2
(N = 30)

2.02 (0.37) 2.01 (0.33) 2.00 (0.25)

P-value ANOVA 0.862 0.956 0.961

ANOVA with session 1 (baseline) as covariate and session 3
(4 weeks) as dependent variable P = 0.643.

Table 3. Mean (standard deviation) total bleeding (BOMP)
scores (Van der Weijden et al. (29), Lie et al. (30)). Overall statis-
tics show no significant difference between both groups. Paired
sample t-test shows a statistical significant difference for BOMP
scores within the non-SLS group

Session 1
Baseline

Session 2
2 weeks

Session 3
4 weeks

Non-SLS
(N = 30)

1.03 (0.25) 1.04 (0.28) 0.94 (0.25)*

CTRL1
(N = 29)

1.01 (0.33) 0.94 (0.33) 0.93 (0.27)

CTRL2
(N = 30)

1.04 (0.25) 0.95 (0.25) 0.99 (0.27)

P-value ANOVA 0.981 0.522 0.787

ANOVA with session 1 (baseline) as covariate and session 3
(4 weeks) as dependent variable P = 0.568.
*Significantly different from S1 (P = 0.002) paired t-test.
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assigned dentifrice (Table 4). Significant differences were

detected with respect to duration of taste and ‘foaming

effect’. Compared to the non-SLS group, the foaming effect

of the control groups (5.91/5.94) was significantly in favour

(3.53) (P < 0.001) of SLS. The taste in CTRL1 group (4.69)

lasted significantly longer as compared to non-SLS (3.18)

(P = 0.033).

Discussion

The aim of the present study was to evaluate the efficacy of a

marketed SLS-free compared to two marketed SLS-containing

dentifrices. Neither the clinical parameter of dental plaque nor

the parameter of gingivitis showed statistically significant dif-

ferences between the groups of this study. However, SLS-con-

taining dentifrices were significantly more appreciated with

respect to the foaming effect, and duration of taste. This cor-

responds to the findings of a previous study (26).

The benefits and risks of SLS-containing products are

widely discussed in the literature (12–14, 26, 32). SLS has

been propagated to improve the cleaning action (13). ‘In vitro’

data suggests that SLS may also have the potential to cause

soft tissue damage in the mouth (33), although ‘in vivo’ saliva

may neutralize such effects. The impact may ‘in vivo’ also be

reduced because the amount of SLS retained in the oral cavity

seems to be minimal and the contact time between SLS and

the oral cavity is rather short (34).

While surfactants make brushing of teeth pleasant, they do

more than create foam. After using toothpaste, orange juice

and other juices have an unpleasant taste. This side effect

had been attributed to chemical reaction between SLS and

the acetic acid in the juices. SLS suppresses the receptors on

the taste buds that perceive sweetness, inhibiting the ability

to pick up the sweet notes of food and drinks (35). It can

break down phospholipids that inhibit taste receptors for bit-

terness to prevent bitter tastes to be overwhelming. When

these fatty molecules are broken down by the surfactants in

toothpaste, bitter tastes get enhanced. A reduced perception

of taste has been reported after rinsing with a 1% SLS solu-

tion. This effect can last for up to 4 h (36). The turnover of

taste cells alters, and the SLS interferes with the inner mech-

anisms of these cells (37). This has also been described as

the ‘orange juice effect’. That is, when consuming a citrus

juice drink just after toothbrushing with an SLS dentifrice,

SLS causes an adstringent and unpleasant taste sensation. In

contrast, apples are known to taste more pleasant after using

toothpaste (38).

According to the manufacturer, the enzyme-based non-SLS

dentifrice in this study supposedly strengthens the natural

antimicrobial lactoperoxidase system in saliva (39). This denti-

frice contains a natural enzyme system to produce peroxidase

that is used for extra generation of hypothiocyanite (OSCN–).
The extra OSCN– may boost the natural salivary peroxidase

system and controls the resident bacterial flora to keep out the

unwanted pathogens. The dentifrice is also enriched with the

enzyme lactoperoxidase, an enzyme that can substitute the sal-

iva peroxidase (40). As a principal component of the peroxi-

dase system, lactoperoxidase has a bactericidal action (41).

Some attempts have been made to either activate the salivary

lactoperoxidase system by adding enzymes like glucose oxi-

dase or amyloglucosidase or by directly adding lactoperoxidase.

However, only few short-term clinical studies are available

showing contradictory results (42–44).
Another ingredient of the non-SLS dentifrice was colostrum

which is the first milk produced by mammals after giving

birth. Besides immunoglobulins, it contains antimicrobial sub-

stances such as lactoferrin, lactoperoxidase and lysozyme.

Incorporating bovine milk-derived colostrum into a dentifrice

Table 4. The outcomes presented in mean and (standard deviation) of the questionnaire were analysed with an independent t-test to
calculate the mean difference between groups, based on the VAS (Mottola 1993) with extremes to very unpleasant and very pleasant
(from 0 to 10)

From (0) To (10)
Non-SLS
(without SLS)

CTRL1
(with SLS)

CTRL2
(with SLS)

P-value
ANOVA

Taste perception How was the taste
of the dentifrice?

Very un-pleasant Very pleasant 5.17 (2.08) 6.14 (1.76) 6.46 (2.02) 0.035

Freshness of
the dentifrice

A What is your opinion
about the freshness
of the dentifrice?

Stale Fresh 4.48 (2.41) 5.88 (1.83) 5.34 (2.41) 0.010

B Did you find it. . ..? Not fresh at all Too fresh 3.77 (2.02) 4.56 (1.61) 4.28 (2.12) 0.009
Duration of taste How long did the

taste remain?
Very short Very long 3.18 (1.77) 4.69 (1.98)a 4.06 (2.32) 0.026

Alteration of the
taste sensation

How was your taste
of food and drinks
affected?

Negative change Positive change 5.01 (1.08) 4.53 (2.04) 4.86 (1.23) 0.448

Foaming effect What do you think
about the foaming
effect?

Too little foam Too much foam 3.53 (1.75) 5.91 (1.96)b 5.94 (1.93)b <0.001

aSignificantly different compared to non-SLS: P = 0.033 from independent t-test corrected for multiple comparisons using Bonferroni.
bSignificantly different compared to non-SLS: P < 0.001 from independent t-test corrected for multiple comparisons using Bonferroni.
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has been propagated as being a very promising, naturally

occurring antimicrobial ingredient (39, 45–48), but so far no

long-term data are available. Colostrum seems to be equally

effective to SLS with regard to plaque reduction (39). Besides,

it has shown promising results for the prevention of erosion in

a short-term study by Jager et al. (45). Others have (46) sug-

gested that colostrum is beneficial to oral health, for example

prevention of mucogingival lesions. Correspondingly, Barkvoll

(39) demonstrated in patients with recurrent aphthous ulcers

that a colostrum containing dentifrice leads to a lower risk of

developing new ulcers compared to a SLS-containing denti-

frice.

An additional ingredient of the non-SLS dentifrice is a zinc

salt. Zinc salts have shown antibacterial action due to their

ability to inhibit bacterial adhesion, metabolic activity and

growth (6). The antibacterial potency of zinc has been quanti-

fied which showed that substantial activity was found at levels

not compatible with oral use (49). Zinc seems therefore to

have limited use when present as a single ingredient, but this

metallic astringent salt increases the efficacy of other antimi-

crobial agents whereby zinc may improve substantivity and

efficacy (3, 6). Kornman (50) judged it necessary for chemical

antiplaque agents to have the ability to be retained in the oral

cavity and to be slowly released (substantivity) in order to

obtain a significant antiplaque effect. Metal salts such as zinc

have this property. Zinc also has the ability to chemically neu-

tralize volatile sulphur compounds (51, 52) and thereby mask

halitosis (53).

In a recent study, the effectiveness of a SLS-containing

dentifrice, compared to a SLS-free dentifrice, was evaluated in

a protocol similar to the current study (26). The present inves-

tigation intended to further appraise the effectiveness of SLS,

by comparing two marketed SLS-containing dentifrices to the

SLS-free product. The magnitude of the outcomes of the pre-

sent study is in line with previous results (26) and also demon-

strate that there is no significant difference for dental plaque

and gingivitis scores among SLS-free and SLS-containing den-

tifrice products.

Gingivitis scores decreased slightly from baseline to 4 weeks

in all groups, but only in the non-SLS group was this found to

be significant with minor clinical relevance.

As in the previous study, SLS seems to beneficially

influence the patient’s appreciation in terms of duration of

taste, and foaming effect. One could speculate that the den-

tifrice that was more appreciated has influenced compliance.

However, the absence of a clinical difference between

foaming and non-foaming dentifrice does not support this

supposition.

Both the former (26) and the present study were performed

with a duration of at least 4 weeks, which is according to the

ADA Acceptance Program Guidelines (25). The guideline ‘ad-

junctive dental therapies for the reduction of plaque and gingivitis’

also states that product efficacy must be demonstrated by two,

well-designed, clinical studies utilizing a control. Although the

present and the previous studies (26) were performed by the

same research group, the researchers were independent inves-

tigators employed by their university clinic. Both studies

showed the effectiveness of the non-SLS product as compared

against a SLS control.

In order to evaluate the long-term effect and to compensate

for the Hawthorne effect (54), studies with a duration of at

least 6 months are needed (6, 55). Hereby, the influence of

SLS-containing dentifrices in terms of patient’s acceptance

due to taste and foaming effect on long-term effectiveness

could be evaluated.

Conclusion

Within the limits of the present study design, no significant

differences could be observed with respect to dental plaque

growth inhibition and gingivitis reduction between SLS-con-

taining dentifrices and a SLS-free dentifrice containing

enzymes, colostrum and low concentration zinc. Patients

enjoyed the duration of taste and the ‘foaming effect’ of SLS-

containing dentifrices better.

Clinical relevance

A dentifrice that supports the average person in controlling

dental plaque and gingivitis is desirable. The effectivity

should be balanced against the safety of dentifrice ingredients.

Sodium lauryl sulphate (SLS) is a commonly used surfactant,

which has side effects that for instance may induce oral muco-

sal lesions.

Scientific rationale for the study

The foaming properties of the surfactant may contribute to

the dental plaque-removing efficacy of the dentifrice. Remov-

ing SLS from the formulation may negatively impact the pro-

duct effectiveness.

Principal findings

This study showed that with respect to dental plaque and gin-

givitis scores, the dentifrice without SLS was similarly effec-

tive as compared to two other SLS-containing dentifrices.

Practical implications

In patients diagnosed with gingivitis, a dentifrice without SLS

that is mildly formulated seems to be equally effective com-

pared to a dentifrice with SLS. However, participants indicate

that they appreciate the foaming effect and taste of dentifrices

with SLS better.

Acknowledgements

The authors like to thank Eveline van der Sluijs for taking

care of IRB approval as well as Guylaine van Anraat (GVA)

who performed dental plaque scores. Furthermore, they thank

Esther Martin for helping in coordinating the study.

6 || Int J Dent Hygiene

S€alzer et al. Effect of non-SLS dentifrice on plaque and gingivitis

6b



111

Declaration of interests and funding source

Ms Timmer is a former employee of Sara Lee and currently

works for Colgate-Palmolive. Rosema, Slot and Van der Weij-

den and D€orfer have formerly received either external advisor

fees, lecturer fees or research grants from companies that pro-

duce dentifrices. Among these were Colgate, Dentaid, GABA,

Lactona, Oral-B, Procter & Gamble, Sara Lee, Sunstar, and

Unilever. The other authors declare that they have no conflict

of interests. The study was investigator led and performed

with a commission from ACTA Dental Research BV. ACTA

Research BV received financial support from Sara Lee for the

role of the Department of Periodontology of ACTA in this

project.

References

1 Listgarten MA. The role of dental plaque in gingivitis and peri-

odontitis. J Clin Periodontol 1988; 15: 485–487.

2 Slot DE, Wiggelinkhuizen L, Rosema NA, Van der Weijden GA.

The efficacy of manual toothbrushes following a brushing exercise:

a systematic review. Int J Dent Hyg 2012; 10: 187–197.

3 Pader M. Oral Hygiene Products and Practice. New York: Marcel

Deccer Inc.; 1988.

4 Newbrun E. Cariology, 3rd edn. Chicago: Quintessence Publishing;

1989.

5 van der Weijden F, Slot DE. Oral hygiene in the prevention of

periodontal diseases: the evidence. Periodontol 2000 2011; 55: 104–

123.

6 van Loveren C. Toothpastes. In: Huysmans MCDNJM, Lussi A,

Weber H-P, eds. Monographs in Oral Science. Basel: Karger, 2014.

7 Ahlfors EE, Lyberg T. Contact sensitivity reactions in the oral

mucosa. Acta Odontol Scand 2001; 59: 248–254.

8 Searls JC, Berg CA. The influence of dentifrice detergents on oral

epithelial slough. Dent Hyg (Chic) 1986; 60: 20–23.

9 Rubright WC, Walker JA, Karlsson UL, Diehl DL. Oral slough

caused by dentifrice detergents and aggravated by drugs with anti-

sialic activity. J Am Dent Assoc 1978; 97: 215–220.

10 Allen AL, Hawley CE, Cutright DE, Seibert JS. An investigation

of the clinical and histologic effects of selected dentifrices on

human palatal mucosa. J Periodontol 1975; 46: 102–112.

11 Siegel IA, Gordon HP. Surfactant-induced alterations of permeabil-

ity of rabbit oral mucosa in vitro. Exp Mol Pathol 1986; 44: 132–

137.

12 Jenkins S, Addy M, Newcome R. Triclosan and sodium lauryl sul-

phate mouthrinses. (II). Effects of 4-day plaque regrowth. J Clin

Periodontol 1991; 18: 145–148.

13 Lindenm€uller H, Lambrecht JT. Oral Care. Curr Probl Dermatol

2011; 40: 107–115.

14 Herlofson BB, Barkvoll P. Oral mucosal desquamation caused by

two toothpaste detergents in an experimental model. Eur J Oral Sci

1996; 104: 21–26.

15 Healy CM, Paterson M, Joyston-Bechal S, Williams DM, Thornhill

MH. The effect of a sodium lauryl sulfate-free dentifrice on

patients with recurrent oral ulceration. Oral Dis 1999; 5: 39–43.

16 Hoogendoorn H, Scholtes W. Influence of the activation of the lac-

toperoxidase system in saliva on the initiation of caries and chronic,

recurrent aphthes I]. Nederlands tijdschrift voor tandheelkunde 1979;

86: 36–39.

17 Shim YJ, Choi JH, Ahn HJ, Kwon JS. Effect of sodium lauryl sul-

fate on recurrent aphthous stomatitis: a randomized controlled clin-

ical trial. Oral Dis 2012; 18: 655–660.

18 Liebert MA. Final report on the safety assessment of sodium lauryl

sulfate. J Am Coll Toxicol 1983; 2.

19 Cosmetic Ingredient Review Expert P. Annual Review of Cosmetic

Ingredient Safety Assessments–2002/2003. Int J Toxicol 2005; 24

(Suppl 1): 1–102.

20 CosmeticsEurope. Common Myths about some Ingredients. Avail-

able at: http://www.cosmeticseurope.eu/safety-and-science-cosmetics-

europe/products-and-ingredients/common-myths-about-some-ingre

dients-.html (accessed 10 December 2014).

21 Mercola JM. Deadly and Dangerous Shampoos, Toothpastes, and

Detergents: Could 16,000 Studies Be Wrong About SLS? 2010.

Available at: http://articles.mercola.com/sites/articles/archive/2010/

07/13/sodium-lauryl-sulfate.aspx (accessed 10 December 2014).

22 Frey S. Why to Avoid Toothpastes with Sodium Lauryl Sulfate.

Available at: http://www.freysmiles.com/blog/view/why-to-avoid-

toothpastes-with-sodium-lauryl-sulfate (accessed 10 December

2014).

23 Shivams-Interantional. The 5 Harmful Ingredients in Toothpaste –

READ THIS! 2013. Available at: http://www.ebay.com/gds/The-5-

Harmful-Ingredients-in-Toothpaste-READTHIS-/

10000000003239604/g.html (accessed 10 December 2014).

24 Kern DL. Doctor’s Worry: Is your baby safe? Available at: http://

www.lifestudio.info/worry.htm (accessed 10 December 2014).

25 ADA. Adjunctive Dental Therapies for the Reduction of Plaque

and Gingivitis.” Acceptance Program Guidelines 2011. Available at:

http://www.ada.org/sections/scienceAndResearch/pdfs/guide_adjunc-

tive.pdf (accessed 10 December 2014).

26 S€alzer S, Rosema NA, Martin E, Slot D, Timmer CJ, Doerfer C.

The Effectiveness of Dentifrices without and with Sodium Lauryl

Sulfate on Plaque, Gingivitis and Gingival Abrasion – a randomized

clinical trial. Clin Oral Investig [Epub ahead of print]. doi:10.1007/

s00784-015-1535-z

27 Quigley GA, Hein JW. Comparative cleansing efficiency of manual

and power brushing. J Am Dent Assoc 1962; 65: 26–29.

28 Paraskevas S, Rosema NA, Versteeg P, Timmerman MF, van der

Velden U, van der Weijden GA. The additional effect of a denti-

frice on the instant efficacy of toothbrushing: a crossover study. J

Periodontol 2007; 78: 1011–1016.

29 van der Weijden GA, Timmerman MF, Reijerse E, Danser MM,

Mantel MS, Nijboer A, et al. The long-term effect of an oscillat-

ing/rotating electric toothbrush on gingivitis. An 8- month clinical

study. J Clin Periodontol 1994; 21: 139–145.

30 Lie MA, Timmerman MF, van der Velden U, van der Weijden

GA. Evaluation of 2 methods to assess gingival bleeding in smokers

and non-smokers in natural and experimental gingivitis. J Clin Peri-

odontol 1998; 25: 695–700.

31 Mottola CA. Measurement strategies: the visual analogue scale.

Decubitus 1993; 6: 56–58.

32 Jenkins S, Addy M, Newcombe R. Triclosan and sodium lauryl sul-

phate mouthwashes (I). Effects on salivary bacterial counts. J Clin

Periodontol 1991; 18: 140–144.

33 Moore C, Addy M, Moran J. Toothpaste detergents: a potential

source of oral soft tissue damage? Int J Dent Hyg 2008; 6: 193–198.

34 Fakhry-Smith S, Din C, Nathoo SA, Gaffar A. Clearance of sodium

lauryl sulphate from the oral cavity. J Clin Periodontol 1997; 24: 313

–317.

35 Miller IJ, Bartoshuk LM. Taste Perception, Taste Bud distribution,

and Spatial relationships. Getchell TV, Bartoshuk LM, Doty RL,

Int J Dent Hygiene || 7

S€alzer et al. Effect of non-SLS dentifrice on plaque and gingivitis

6b



112

Snow JB, eds. Smell and Taste in Health and Disease. New York:

Raven Press, 1991.

36 Giertsen E, Scheie AA, Rolla G. Plaque inhibition by a combina-

tion of zinc citrate and sodium lauryl sulfate. Caries Res 1989; 23:

278–283.

37 Schiffman S. Changes in taste and smell: drug interactions and

food preferences. Nutr Rev 1994; 52: S11–S14.

38 DeSimone AJ, Heck GL, Bartoshuk LM. Surface active taste mod-

ifiers: a comparison of the physical and psychophysical properties

of gymnemic acid and sodium lauryl sulfate. Chem Senses 1980; 5:

317–330.

39 Barkvoll P. A possible oral health effect of colostrum containing

dentifrices. 2005. Available at: https://iadr.confex.com/iadr/eur05/

techprogram/abstract_66431.htm (accessed 05 January 2016).

40 Ihalin R, Loimaranta V, Tenovuo J. Origin, structure, and biologi-

cal activities of peroxidases in human saliva. Arch Biochem Biophysics

2006; 445: 261–268.

41 Ashby MT. Inorganic chemistry of defensive peroxidases in the

human oral cavity. J Dent Res 2008; 87: 900–914.

42 Moran J, Addy M, Newcombe R. Comparison of the effect of

toothpastes containing enzymes or antimicrobial compounds with a

conventional fluoride toothpaste on the development of plaque and

gingivitis. J Clin Periodontol 1989; 16: 295–299.

43 Kirstila V, Lenander-Lumikari M, Tenovuo J. Effects of a lactoper-

oxidase systemcontaining toothpaste on dental plaque and whole

saliva in vivo. Acta Odontol Scand 1994; 52: 346–353.

44 Hatti S, Ravindra S, Satpathy A, Kulkarni RD, Parande MV. Bio-

film inhibition and antimicrobial activity of a dentifrice containing

salivary substitutes. Int J Dent Hyg 2007; 5: 218–224.

45 Jager DH, Vissink A, Timmer CJ, Bronkhorst E, Vieira AM, Huys-

mans MC. Reduction of erosion by protein-containing toothpastes.

Caries Res 2013; 47: 135–140.

46 Pedersen AM, Andersen TL, Reibel J, Holmstrup P, Nauntofte B.

Oral findings in patients with primary Sjogren’s syndrome and oral

lichen planus–a preliminary study on the effects of bovine colos-

trum-containing oral hygiene products. Clin Oral Investig 2002; 6:

11–20.

47 van Hooijdonk AC, Kussendrager KD, Steijns JM. In vivo antimi-

crobial and antiviral activity of components in bovine milk and

colostrum involved in non-specific defence. Br J Nutri 2000; 84

(Suppl 1): S127–S134.

48 Gudipaneni RK, Kumar RV, G J, Peddengatagari S, Duddu Y.

Short term comparative evaluation of antimicrobial efficacy of tooth

paste containing lactoferrin, lysozyme, lactoperoxidase in children

with severe early childhood caries: a clinical study. JCDR 2014; 8:

ZC18–ZC20.

49 Sprawls JB, Poe CF. A study of the disinfectant powers of certain

astringent salts and solutions. J Am Pharm Assoc 1943; 32: 41–44.

50 Kornman KS. The role of supragingival plaque in the prevention

and treatment of periodontal diseases. J Periodontal Res 1986; 21:

5–22.

51 Young A, Jonski G, Rolla G. Inhibition of orally produced volatile

sulfur compounds by zinc, chlorhexidine or cetylpyridinium chlo-

ride–effect of concentration. Eur J Oral Sci 2003; 111: 400–404.

52 Young A, Jonski G, Rolla G, Waler SM. Effects of metal salts on

the oral production of volatile sulfur-containing compounds (VSC).

J Clin Periodontol 2001; 28: 776–781.

53 van Steenberghe D, Avontroodt P, Peeters W, Pauwels M, Coucke

W, Lijnen A, et al. Effect of different mouthrinses on morning

breath. J Periodontol 2001; 72: 1183–1191.

54 Greenwood RG, Bolton AA, Greenwood RA. Hawthorne a half cen-

tury later: relay assembly participants remember. J Manag Fall/Win-

ter 1983; 9: 217–231.

55 ADA. Chemotherapeutic Products for Control of Gingivitis. 2008.

Available at: http://www.ada.org/sections/scienceAndResearch/pdfs/

guide_chemo_ging.pdf (accessed 10 December 2014).

8 || Int J Dent Hygiene

S€alzer et al. Effect of non-SLS dentifrice on plaque and gingivitis

6b



Chapter 7

Summary, Discussion & Conclusion

113

7



114

7



Summary, Discussion & Conclusion
The principle for Oral Health is daily oral hygiene self care with the 

result, if correctly performed, of plaque and gingivitis reduction (1). It is 
well established, that dental plaque leads to gingivitis (2) and most likely 
will eventually turn into chronic periodontitis (3). Whether an improved 
personal oral hygiene procedure will result in a decrease of chronic 
periodontitis has not been fully demonstrated (4). However, based on 
epidemiological data from long-term cohort studies, improved oral hygiene 
in the population appears to correlate with a decreased prevalence of 
periodontitis (5-7). These Swedish and Norwegian long-term studies 
demonstrated over the last 30 years a reduction of plaque score parameters 
and a concomitant decrease in gingivitis parameters. This was paralleled by 
a decline in the prevalence of periodontitis as well as a decrease in the 
amount of alveolar bone loss. Furthermore tooth loss decreased as can be 
demonstrated in the Swedish Jönköping study by the number of retained 
molars, which increased in all age groups between 20 and 80 years during 
the observation period (5, 7). The Norwegian study which extended over 
the same period demonstrated corresponding results for individuals aged 
35 years (6). Although these long-term studies support the proposition that 
there is a correlation between good oral hygiene and stable oral conditions 
they lack a control group. It can therefore not be stated beyond doubt that 
preventive measures and daily and professional oral care were the sole 
contributors to these improve oral conditions over time. 

Toothbrush

While epidemiological studies indicate that the level of oral hygiene 
in the general population has increased over the last decades there still 
appears to be a need for further improvement of the patient’s self-care. 
Although most people claim to brush their teeth twice daily the 
effectiveness does in general not seem to be sufficient to prevent gingivitis 
and as a consequence periodontitis. In conclusion the devices and products 
investigated like powered toothbrushes, a smart software visualization 
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system, stannous fluoride or triclosan containing dentifrices as well as the 
correct application of the individually adjusted interdental cleaning device 
lead to an improved oral hygiene self-care. Sodium lauryl sulphate is not 
for improvement of plaque and gingivitis. Due to the foaming effect of 
sodium lauryl sulphate containing dentifrices they are better appreciated 
by the patient, but might be avoided in susceptible patients without risking 
any harms. Self-reported infrequent brushers demonstrated higher 
incidence and increment of carious lesions than frequent brushers (8). A 
recent systematic evaluation of the existing literature found the effect of a 
single brushing exercise with a manual toothbrush to be approximately a 
42% plaque score reduction (9). Corresponding data related to power 
toothbrushes indicate an overall 46% reduction (10). Considering that these 
data emerged from controlled clinical trials the efficiency of toothbrushing 
in daily life may even be less when no Hawthorne effect contributes to 
patient performance. For manual toothbrushing until today no superiority 
of a certain brushing technique has been demonstrated. An intense 
computer based instruction and additional oral and written information 
either explaining the Bass or the Fones compared to no specific brushing 
technique does not result in a difference in plaque removal after 6 and 12 
weeks (11).

A patient who is however well motivated and compliant with 
professional advice and instructions is likely to achieve and sustain ideal 
levels of plaque control (12). As the effect of preventive measurements is 
larger in areas of high risk, e.g. high levels of plaque, instructions should be 
given needs related. Many patients spend too little time brushing, or they 
brush haphazardly especially at the end of the toothbrushing session when 
lacking of concentration. 

Hence, in chapter 2 of this thesis an attempt was made to stimulate 
daily oral care by giving feedback with respect to self-performance. In total 
21 participants were randomly assigned to either a digital monitoring and 
training system group or a regular manual toothbrush control group. Both 
groups were instructed to brush their teeth twice daily for 6 weeks. The test 
group used the same manual toothbrush with monitoring system that 
provided sensory information concerning the orientation and linear (8) 
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displacement of toothbrush. Subsequently both groups were requested to 
brush for another 8 weeks with a toothbrush of their own liking without 
any additional interference. According to the results of this study the 
monitoring system lead to a prolonged learning effect resulting in 
improved oral hygiene. Similar feedback systems are now available for the 
consumer. For instance Oral-B (Procter & Gamble Company, Cincinnati, 
OH, USA) has recently launched a monitoring system that can be installed 
on a smart phone (13). It tracks the areas being brushed and the pressure 
applied by a video recognition and a motion sensor. By such a device the 
patient would receive a twice-daily feedback on its brushing performance. 
Repeated oral hygiene instructions over a series of visits with regular 
feedback and reinforcement of the home care activities has been already 
proposed by Rylander and Lindhe (14).

A common discussed concern related to toothbrushing is the 
development of gingival recessions as a negative side effect. Although 
gingival recessions are associated with different etiologic/risk factors like 
gingival biotype, orthodontic treatment, occlusal trauma, inadequate use of 
toothbrush is likely to be the most significant cause (15). Only limited long-
term evidence exists concerning this matter (16). Therefore, in chapter 3 of 
this thesis a newly developed power toothbrush was evaluated in this 
respect. The effect of brushing with this multidirectional power toothbrush 
was compared to brushing with a manual toothbrush (American Dental 
Association reference brush) in participants with pre-existing mid-buccal 
gingival recessions of ≥ 2mm. This study population was considered to be 
at high risk to further develop gingival recessions. In total 107 participants 
were randomly assigned to brush either with a power or a manual 
toothbrush. They were instructed to brush twice daily and had been 
followed up for 12 months. The result showed that the pre-existing gingival 
recessions at mid-buccal sites significantly decreased in both groups from 
2.2 to 2.1mm (P < 0.05). To verify the clinically obtained data also 
measurements were performed on stone cast impressions. These data 
correlated well with the clinical outcomes. Conclusively, this newly 
developed power toothbrush appeared to be as safe as the manual 
toothbrush during 12 months of use. Similarly in a recent study with a 3-
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year observation period no differences in recession between participants 
with pre-existing gingival recessions using an oscillating rotating power 
toothbrush or a manual toothbrush were found. In both groups also a 
statistically significant reduction in gingival recessions was seen (17).

Interdental cleaning devices

Toothbrushing alone does not efficiently reach into the inter-dental 
areas and therefore additional inter-dental cleaning is needed in cases 
where there are signs of caries development or gingival inflammation. 
Numerous interdental cleaning devices are available on the market. An 
ideal interdental cleaning device should be user-friendly, remove plaque 
effectively, and have no deleterious soft-tissue or hard-tissue effects (12). 
Their effectiveness with regard to mechanical plaque control in managing 
gingivitis was investigated in a meta-review as presented in chapter 4 of 
this thesis. The search of three Internet sources resulted in 395 papers to be 
screened and finally six eligible systematic reviews could be included.

Dental floss 
Levi Spear Parmly, a dentist based in New Orleans, is credited with 

being the inventor of modern dental floss (12). As early as 1815, Parmly 
recommended tooth flossing with a piece of silk thread. In 1882, the 
Codman and Shurtleft Company of Randolph, Massachusetts, started to 
mass-produce unwaxed silk floss for commercial home use. In 1898, the 
Johnson & Johnson Company of New Brunswick, New Jersey, was the first 
to patent dental floss. Dr Charles C. Bass developed nylon floss as a 
replacement for silk floss during World War II. He was also responsible for 
making flossing of teeth an important part of dental hygiene, which is still 
commonly recommended (18). The application of dental-floss is rather 
demanding as the insertion as well as the actual cleaning requires a high 
level of tactile and fine motor skills as well as a good knowledge of 
anatomic conditions (19).

Dental floss might be either monofil made up of expanded 
polytetrafluoroethylene (ePTFE), polyfil made up of twisted single 
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filaments of varying numbers, diameter, degree and orientation of the 
filaments depending on the product or pseudopolyfil when the single 
filaments are embedded in a matrix. Furthermore also waxed dental-floss is 
available, with added flavors and preventive agents such as fluoride. 

Two systematic review papers evaluating dental-floss were found to 
be eligible for the meta-review. According to the meta-review the evidence 
to use dental-floss in addition to toothbrushing with the intention to 
prevent gingivitis is weak and the magnitude of the effect is small. Most of 
the studies could not demonstrate that flossing is generally effective in 
plaque removal. However, the use of dental floss should not be precluded, 
because it is still suitable in case other more effective interdental cleaning 
devices will not pass through the interproximal area without trauma (20). 
So far no differences between the different types of dental floss have been 
established (21-23).

Interdental brushes 
Interdental brushes were introduced in the 1960s as an alternative to 

woodsticks (12). They are built of helically aligned filaments fixed to a 
twisted central wire. Their structure might differ in shape, e.g. cylindrical 
or conical; angled or straight and stiffness of filaments. Areas, which are not 
accessible by the toothbrush like the central part of the inter-dental space 
and the embrasure can be reached effectively by interdental brushes (24, 
25). Especially concavities in the approximal root areas are not accessible 
for the toothbrush and neither for dental floss or woodsticks. Interdental 
brushes may remove plaque as far as 2–2.5 mm below the gingival margin 
(26).

Two of the systematic reviews included in the meta-review 
investigated interdental brushes. The evidence for interdental brushes with 
respect to reduction of plaque and gingivitis is moderate and the effect 
large. Interdental brushes seem to be the most effective method to remove 
interdental plaque. No systematic evaluation of the different designs 
emerged. However, it has been shown by RCTs that the design might 
influence the effectiveness, e.g. cylindrical shaped interdental brushes seem 
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to be more effective as conical shaped ones (27) and straight ones more than 
angled (28). 

Few studies have investigated the effectiveness of the more recently 
introduced interdental cleaning devices with rubber bristles. According to 
this preliminary data they seem to be comparably effective as standard 
interdental cleaning devices and are well accepted by the patients (29, 30). 

Dental woodsticks 
The toothpick might date back to the days of cave people, who 

probably used sticks to pick food from between their teeth. The ancient 
Romans made use of toothpicks fabricated from bone and metal. Saxon 
women carried ivory toothpicks. The evolution of the primitive toothpick 
took a second pathway in more acquisitive societies, becoming part of 
personal care kits, along with depilatory tweezers and earwax scoops 
(Mandel 1990). In 1872, Silas Noble and J. P. Cooley patented the first 
toothpick-manufacturing machine (12).  

Dental woodsticks have in contrast to toothpicks a trapezoidal 
section and are conic in their longitudinal. They are made up of long fiber 
shatterproof wood and are available in different sizes. Their application is 
similar to the one of interdental brushes. However, they cannot reach root 
concavities and cannot be inserted at a correct angle in the most posterior 
interdental spaces.

One systematic review evaluated the effect of woodsticks. The 
evidence to use woodsticks in addition to toothbrushing is weak and of 
unclear magnitude with regard to gingivitis and there is no evidence 
concerning the reduction of plaque. Gingival bleeding can be reduced 
significantly better by woodsticks as compared to toothbrushing alone (31). 

Bleeding following the use of woodsticks can also be used to increase 
patient motivation and awareness of gingival health. Several studies have 
illustrated the clinical effectiveness of gingival self-assessment (Walsh et al. 
1985). The presence of bleeding provides immediate feedback on the level 
of gingival health. The dental care professional can also easily demonstrate 
the gingival condition to the patient, using an interdental bleeding index 
for this obvious clinical manifestation. This monitoring device could 
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encourage patients to include woodsticks as part of their oral hygiene 
regimens (12).

Oral irrigator 
The oral irrigator was developed by a hydraulic engineer, John 

Mattingly, and by a dentist, Gerald Moyer. It was introduced to the dental 
profession in 1962 and has been studied extensively for the past several 
decades (12). Oral irrigators are designed to flush away loosely adhered 
plaque through the mechanical action of a stream of water. The evidence to 
use an oral irrigator is weak and of unclear magnitude as evaluated in one 
systematic review. The oral irrigator however has been demonstrated to 
improve gingival health as compared to toothbrushing only, but does not 
seem to further reduce visible plaque (32). Applying chlorhexidine by an 
oral irrigator seems to be more effective than rinsing alone with regard to 
parameter of plaque and gingivitis (33, 34). The included systematic review 
did not evaluate specially designed blunt-ended cannulae (Pik Pocket) 
subgingival irrigation tip – Water Pik, Inc., Fort Collins, CO, USA) and 
neither did it include an assessment of the recently developed Sonicare® 
Air Floss (AF; Philips Healthcare, Bothell, WA, USA) (35-37).

Based on the outcomes of this meta-review the European Federation 
of Periodontology concluded in a recent guideline (1), that daily 
interproximal cleaning “is essential for maintaining interproximal gingival 
health, but there is no evidence to support the use of dental floss for interdental 
cleaning in periodontitis patients. Interdental brushes are the most effective method 
and the method of choice where spaces will accommodate their atraumatic use. 
However, caution is advised in their use at healthy sites where interdental spaces 
may be too narrow to safely accommodate them. Here, there may be a role for dental 
floss”. Consequently instructions should be given individually according to 
contour and consistency of the gingival tissues, the size of the 
interproximal embrasures, tooth position and alignment, and the ability 
and motivation of the patient (12). Furthermore, to achieve maximum 
effectiveness, the oral hygiene advice delivered to the patient must contain 
enough information to enable the patient to be able to identify each site in 
turn, to select a device, and to clean all interdental surfaces effectively (38). 
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Gingival bleeding during interdental cleaning can be the result of 
trauma, such as lacerations and gingival erosions, or it can be an indication 
of inflammation (12). Patients must be aware that bleeding per se is not a 
sign that interdental cleaning should be avoided but is more likely an 
indicator of inflammation that needs to be treated (39).

Dentifrices 

The use of a toothbrush is usually combined with that of a dentifrice, 
with the intention of facilitating plaque removal and applying agents to the 
tooth surfaces for therapeutic or preventive reasons, to produce fresh 
breath, and to make the toothbrushing procedure more pleasant. Dentifrice 
was used as early as 500 BC in both China and India; modern toothpastes 
were developed in the 1800s. In 1824, a dentist named Peabody was the first 
person to add soap to toothpaste. John Harris first added chalk to 
toothpaste in the 1850s. Colgate mass-produced the first toothpaste in a jar. 
In 1892, Dr Washington Sheffield of Connecticut manufactured toothpaste 
in a collapsible tube (12).

The beneficial effects of stannous fluoride and triclosan containing 
dentifrices have been shown in previous systematic reviews (40-42). In 
order to directly compare these two antimicrobial agents in chapter 5 of this 
thesis a systematic review was performed. Eleven studies with a minimum 
duration of 4 weeks were included in the systematic review. Both 
dentifrices seemed to be clinically equally effective with regard to gingivitis 
and plaque parameters. An often-reported adverse event of stannous 
fluoride is staining. Accordingly, in the present systematic review both 
studies evaluating staining showed a significant higher risk for the group 
brushing with a stannous fluoride containing dentifrice as compared to 
triclosan. Reportedly this risk can be reduced by adding 
hexametaphosphate to the dentifrice (43-45).

A recent Cochrane systematic review demonstrated besides the 
benefits of a triclosan compared to standard fluoride containing dentifrice 
concerning plaque, gingivitis and bleeding scores as well a 5% reduction of 
tooth decay in patients without periodontitis (42). The evidence to show a 
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superiority of one of the dentifrices to prevent periodontitis was 
insufficient. These data were elevated in only one study with an estimated 
low GRADE of evidence in patients of 11-13 years. No harmful side effect 
effects were associated with the triclosan/copolymer toothpastes in studies 
up to three years in length.

In patients with periodontitis a reduced risk of further attachment 
loss when participants brushing with a triclosan containing dentifrice 
compared to a fluoride containing dentifrice has been observed in 
randomized controlled clinical studies (46, 47). Conversely in a randomized 
study comparing patients involved in a periodontal maintenance program 
over three years no clinical and microbiological differences were found for 
patients brushing with a manual toothbrush and a standard fluoride 
dentifrice compared to patients brushing with a power toothbrush and a 
triclosan containing dentifrice (48).

Triclosan is an antimicrobial substance, which apart from being a 
dentifrice ingredient is also added to many other household products like 
soaps, antiperspirant, toys and kitchen utensils (49, 50). Concerns regarding 
environmental and health effects are extensively discussed (49-51). There is 
no evidence, that triclosan is hazardous to humans (49, 50). Overall 
resistance rates and cross-resistance rates in the community setting are low 
although in laboratory settings resistances to triclosan and cross-resistances 
to antimicrobials have been demonstrated (51). There are however case 
reports on contact sensitization to triclosan containing dentifrice leading to 
blistering eruption on the buccal mucosa and lips (52).

A recent review on the risks and benefits of triclosan containing 
soaps demonstrated conflicting effects concerning its efficacy compared to a 
non-antimicrobial soap (51). Consequently, the authors concluded that the 
risk of resistances outweighs the beneficial effects of triclosan containing 
soaps. The amounts of triclosan applied through dentifrice use, which 
commonly contains 0.03% triclosan are comparatively small. Nevertheless, 
with regard to the common concerns and the similar efficacy compared to a 
stannous fluoride containing dentifrice as has been shown in chapter 5 
stannous fluoride containing dentifrice might be privileged.  
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Advancements in synthetic detergents made after World War II have 
allowed the replacement of the soap used in toothpaste with emulsifying 
agents, such as sodium lauryl sulfate. In chapter 6a+b the influence of this 
now commonly used detergent on plaque and gingivitis scores is 
investigated. In chapter 6a, 120 participants with gingivitis were 
randomized to brush their teeth for 8 weeks either with a sodium lauryl 
sulphate containing (Colgate® caries protection, Colgate-Palmolive Co., 
New York, NY, USA) or a sodium lauryl sulphate free dentifrice 
(Zendium® classic, Sara Lee, Amersfoort, The Netherlands). Neither for 
bleeding on marginal probing, nor for plaque or abrasion scores the two 
groups showed any significant difference. However the visual analogue 
scale for taste, freshness and foaming effect were significantly in favor for 
the dentifrices containing sodium lauryl sulphate.

In chapter 6b the dentifrice without sodium lauryl sulphate was 
compared to two commercially available dentifrices containing sodium 
lauryl sulphate. In total 90 volunteers showing moderate gingivitis were 
asked to brush with their randomly assigned product over 4 weeks. The 
products were, either a sodium lauryl sulphate free dentifrice containing 
enzymes, colostrum and low concentrations of zinc (Zendium®Classic; Sara 
Lee, Amersfoort, The Netherlands) or two dentifrices containing sodium 
lauryl sulphate (Sensodyne® F†, GlaxoSmithKline, Philadelphia, PA, USA; 
Colgate® Caries protection; Colgate-Palmolive Co., New York, NY, USA). 
As in chapter 6a no difference with regard to plaque and gingivitis scores 
could be observed between the groups. The participants appreciated the 
sodium lauryl sulphate containing dentifrice more with respect to taste. 

It has been shown previously, that sodium lauryl sulphate might be 
irritating to the oral mucosa in susceptible patients (53, 54). Furthermore, 
sodium lauryl sulphate alone seems to lead to an increased permeability of 
the mucosa but not if triclosan or stannous is added (55). Although 
dentifrice without sodium lauryl sulphate seems to be less appreciated by 
the patient, it seems to be beneficial in susceptible patients, in particular 
patients with recurrent aphthous ulcers (54).
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In conclusion the devices and products investigated like 
powered toothbrushes, a smart software visualization system, 
stannous fluoride or triclosan containing dentifrices as well as 
the correct application of the individually adjusted interdental 
cleaning device lead to an improved oral hygiene self-care. 
Sodium lauryl sulphate is not for improvement of plaque and 
gingivitis. Due to the foaming effect of sodium lauryl sulphate 
containing dentifrices they are better appreciated by the patient, 
but might be avoided in susceptible patients without risking 
any harms.
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Deutsche Zusammenfassung für Laien
Wird die tägliche häusliche Mundhygiene korrekt durchgeführt, so 

lässt sich eine Reduktion der Zahnbeläge (Plaque) erreichen. Sie ist somit 
die Grundlage für eine gesunde Mundhöhle. Bekanntermaßen verursacht 
Plaque Zahnfleischentzündungen und mit hoher Wahrscheinlichkeit 
können diese letztendlich in eine chronische Entzündung des gesamten 
Zahnhalteapparates (Parodontitis) übergehen (Kapitel 1).

Ganz eindeutig konnte bis jetzt jedoch nicht nachgewiesen werden, 
ob eine verbesserte Mundhygiene zu einer Abnahme der chronischen 
Parodontitis führt. Betrachtet man Bevölkerungsgruppen mit guter 
Mundhygiene scheinen diese seltener an Zahnfleischentzündungen und 
Parodontitis erkrankt zu sein und weisen mehr erhaltene Zähne auf. Aus 
ethischen Gründen kann ein direkter Vergleich mit einer Kontrollgruppe 
jedoch nicht erfolgen.

Auch wenn sich die Mundhygiene allgemein in der Bevölkerung in 
den letzten Jahrzehnten deutlich verbessert hat, besteht die Notwendigkeit 
zur weiteren Verbesserung. Die meisten Patienten geben zwar an, zweimal 
täglich die Zähne zu putzen, jedoch scheint dies nicht im Allgemeinen zu 
einer Verhinderung von Zahnfleischentzündungen und Parodontitis zu 
führen.

Zahnbürsten 

Einmaliges Zähneputzen führt durchschnittlich zu einer 
Reduzierung der Plaque um 42%, wenn mit einer Hand-, bzw. um 46% 
wenn mit einer elektrischen Zahnbürste geputzt wird. Ein sehr motivierter 
Patient kann durch gute Anweisungen jedoch eine nahezu ideale 
Mundhygiene erreichen. 

In Kapitel 2 dieser Arbeit wurde ein digitales Zahnputz-
Kontrollsystem getestet. Durch die visuelle Rückmeldung über das 
Putzverhalten konnte langfristig eine Verbesserung erreicht werden, auch 
nachdem keine digitale Kontrolle mehr erfolgte. Oral-B (Procter & Gamble 
Company, Cincinnati, OH, USA) vermarktet jetzt ein ähnliches 
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Kontrollsystem, das auf dem Smartphone installiert werden kann. Mit 
dessen Hilfe sollen sowohl die geputzten Zahnbereiche als auch der 
angewandte Druck der Zahnbürste aufgezeichnet werden können.

Häufig besteht die Sorge, dass sich durch gründliches Zähneputzen 
das Zahnfleisch zurückzieht und folglich Zahnhälse freiliegen. Solch ein 
Rückgang scheint unter anderem mit dünnem Zahnfleisch, 
kieferorthöpädischer Behandlung und falscher Zahnputztechnik 
zusammenzuhängen. In Kapitel 3 wurde gezeigt, dass sich bestehende 
Rezessionen über einen Beobachtungszeitraum von einem Jahr weder 
durch die Anwendung einer neu entwickelten elektrischen Zahnbürste 
noch einer Handzahnbürste im Durchschnitt verschlechtern. Somit 
scheinen beide Zahnbürsten ähnlich sicher. Auch die häufig verwendete 
oszillierend-rotierende Zahnbürste scheint ähnlich sicher wie die 
Handzahnbürste, wie in einer weiteren Studie im Verlauf von 3 Jahren 
beobachtet werden konnte.

Reinigung der Zahnzwischenräume

Durch alleiniges Zähneputzen können Zahnzwischenräume nicht 
ausreichend erreicht werden. Dies erfordert zusätzliche Hilfsmittel, von 
denen eine Vielzahl auf dem Markt erhältlich ist. Idealerweise sollten sie 
möglichst effizient reinigen, dabei anwenderfreundlich und risikolos sein. 
In Kapitel 4 wurde die mechanische Reinigungseffektivität der Hilfsmittel 
in einem sogenannten Meta-Review, einer Zusammenfassung aller 
systematischen Übersichtsarbeiten, miteinander verglichen und kritisch 
beurteilt.

Zahnseide 
Bereits Anfang des 19. Jahrhunderts wurde Seide zur Pflege der 

Zahnzwischenräume eingesetzt. Auch heute noch wird Zahnseide 
allgemein empfohlen. Die korrekte Anwendung ist jedoch äußerst 
anspruchsvoll und bedarf hoher Fingerfertigkeit sowie guter anatomischer 
Kenntnisse. In der vorliegenden Übersichtsarbeit konnten die meisten 
Studien nicht zeigen, dass die Anwendung von Zahnseide zu einer 
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effektiven Plaqueentfernung führt. Die Anwendung sollte jedoch nicht 
grundsätzlich ausgeschlossen werden, da sie für Stellen geeignet ist, die für 
andere Hilfsmittel zu eng sind. Unterschiede zwischen verschiedenen 
Varianten der Zahnseide (z.B. gewachst zu ungewachst, einfädig zu 
mehrfädig) sind nicht bekannt.

Zahnzwischenraumbürsten 
Zahnzwischenraumbürsten wurden in den 1960ern eingeführt. Sie 

bestehen aus helisch angeordneten, an einem zentralen Draht fixierten 
Fasern. Ihr Aufbau kann sowohl in der Form (zylindrisch oder konisch, 
gerade oder abgewinkelt) und der Härte der Filmende variieren. 
Insbesondere Konkavitäten in den Zahnzwischenräumen können mit 
diesen Bürstchen gut erreicht werden. Anhand der Übersichtsarbeit 
scheinen Interdentalraumbürstchen die effizienteste Methode zur 
Entfernung von interdentaler Plaque zu sein. Übersichtsarbeiten bezüglich 
des Einflusses von unterschiedlichem Design liegen nicht vor. Jedoch 
konnte in klinischen Studien gezeigt werden, dass beispielsweise 
zylindrische Bürstchen effektiver sind als konische und gerade effektiver 
als abgewinkelte. Zu den kürzlich eingeführten Inderdentalbürsten mit 
Gummiborsten liegen kaum klinische Studien vor. Erste Daten deuten 
daraufhin, dass sie ähnlich effektiv wie die Standardborsten sind und gut 
von den Patienten akzeptiert werden.

Zahnhölzer 
Vermutlich wurden schon von Höhlenbewohnern Zahnstocher 

angewandt. Diese haben sich immer weiter entwickelt. Die heutigen 
Zahnhölzer haben im Gegensatz zu den Zahnstochern einen 
trapezförmigen Querschnitt und verlaufen in ihrer Längsrichtung konisch. 
Sie werden aus langen splitterfreien Holzfasern hergestellt und sind in 
verschiedenen Größen erhältlich. Ihre Anwendung entspricht der von 
Zahnseide. Jedoch können sie keine Konkavitäten in den 
Zahnzwischenräumen erreichen und können in den hinteren Bereichen 
nicht im korrekten Winkel angewandt werden. Auch wenn die Datenlage 
bezüglich der Reduktion von Plaque unklar ist, scheint die Anwendung 
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von Zahnhölzern im Vergleich zum alleinigen Zähneputzen 
Zahnfleischbluten zu reduzieren. Das Auftreten von Bluten nach der 
Anwendung von Zahnhölzern dient als direktes Kontrollinstrument über 
den Gesundheitszustand des Zahnfleisches und fördert möglicherweise das 
Bewusstsein für ein gesundes Zahnfleisch. Somit kann die Anwendung von 
Zahnhölzern und folgender Reduktion des Zahnfleischblutens zur 
Motivation der Patienten dienen.

Munddusche 
Mundduschen wurden konstruiert, um lose haftende Plaque durch 

die mechanische Wirkung eines Wasserstrahles wegzuspülen. 
Entsprechend der aktuellen Studienlage scheinen Mundduschen zu einer 
Verbesserung des Gesundheitszustandes des Zahnfleisches zu führen, auch 
wenn sie nicht zu einer Reduktion der sichtbaren Plaque führen. Die 
untersuchte systematische Übersichtsarbeit beurteilte jedoch nicht die 
speziell für die Spülung von Zahnfleischtaschen entwickelte stumpfe 
Kanüle (Pik Pocket) – Water Pik, Inc., Fort Collins, CO, USA) und auch 
nicht die kürzlich entwickelte Sonicare® Air Floss (AF; Philips Healthcare, 
Bothell, WA, USA), die durch einen Sprühstoß die Zwischenräume reinigen 
soll.

Aufgrund der vorliegende Übersichtsarbeit zur Interdentalpflege hat 
die Europäische Gesellschaft für Parodontologie (European Federation of 
Periodontology) in einer Leitlinine gefolgert, dass tägliche 
Interdentalraumhygiene “notwendig ist, um das Zahnfleisch in den 
Zahnzwischenräumen gesund zu halten, dass aber keine Evidenz besteht 
Zahnseide zur Zwischenraumreinigung bei Parodontitispatienten zu befürworten. 
Zwischenraumbürsten stellen die effektivste Methode dar und sollten in 
ausreichend großen Zwischenräumen das Mittel der Wahl sein, wenn der 
Zwischenraum ausreichend groß für eine nicht verletzende Anwendung ist. Jedoch 
ist zu Vorsicht geraten an gesunden Stellen, an denen der Zwischenraum so eng 
ist um sie sicher einzuführen. In diesen Fälllen kann Zahnseide zum Einsatz 
kommen.“ Folglich sollten Mundhygieneinstruktionen individuell 
entsprechend der Form und Beschaffenheit des Zahnzwischenraumes, der 
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Position des Zahnes, seiner Stellung und der Fähigkeiten und Motivation 
des Patienten gegeben werden.

Zahnfleischbluten kann sowohl durch Verletzung des Zahnfleisches 
entstehen als auch ein Anzeichen für Entzündung sein. Somit sollte 
Patienten bewusst sein, dass Bluten nicht per se ein Zeichen dafür ist die 
Zwischenraumreinigung zu vermeiden, sondern vielmehr, dass es ein 
Hinweis auf eine Entzündung ist und behandelt werden sollte.

Zahnpasten

Die Anwendung der Zahnbürste wird gewöhnlich mit der von 
Zahnpaste kombiniert mit der Absicht die Plaqueentfernung zu erleichtern, 
therapeutisch und präventiv wirksame Stoffe auf die Oberfläche 
aufzutragen, für frischen Atem zu sorgen und das Zähneputzen 
angenehmer zu machen.

Zinnfluorid und Triclosan sind etablierte antimikrobielle 
Inhaltsstoffe, deren Überlegenheit im Vergleich zu einer 
natriumfluoridhaltigen Standardzahnpaste in systematischen 
Übersichtsarbeiten bereits gezeigt werden konnte. In Kapitel 5 dieser 
Arbeit wurden in einer systematischen Übersichtsarbeit Zahnpasten mit 
diesen beiden Wirkstoffen direkt miteinander verglichen. Bei einem 
Beobachtungszeitraum von mindestens 4 Wochen scheinen beide 
Zahnpasten ähnlich effektiv bezüglich der Reduktion von Plaque und 
Zahnfleischentzündung zu wirken. Die zinnfluoridhaltige Zahnpaste 
scheint jedoch ein höheres Risiko für Verfärbungen zu haben, welches 
durch den Zusatz von Hexametaphosphat reduziert werden kann. Ob 
triclosanhaltige Zahnpaste bei Parodontitispatienten zu einer 
Verlangsamung des Krankheitsfortschrittes führt, wird in der vorhandenen 
Literatur kontrovers diskutiert. 

Außer in Zahnpaste ist Triclosan auch in vielen weiteren 
Haushaltsprodukten enthalten wie Seifen, Deodorants, Spielzeug und 
Küchenutensilien. Bedenken bezüglich gesundheits- und 
umweltschädlicher Risiken werden häufig diskutiert, konnten bis jetzt 
jedoch nicht nachgewiesen werden. Die Konzentration von Triclosan in 
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Zahnpasten beträgt in der Regel 0,03%. Somit ist die hierdurch verbrauchte 
Menge vergleichsweise wenig. Jedoch gibt es Fallberichte, dass 
triclosanhaltige Zahnpaste zu blasenbildenden Veränderung der 
Mundschleimhaut führen kann. Aufgrund ähnlicher klinischer Ergebnisse 
werden daher zinnfluroidhaltige Zahnpasten teilweise bevorzugt. 

Zur Unterstützung der Plaqueentfernung und für eine bessere 
Verteilung der Zahnpaste im Mund durch einen schäumenden Effekt 
werden in der Regel Detergentien zugefügt. Hierbei am gängigsten ist 
Natriumlaurylsulfat. 

In Kapitel 6a+b wurde in klinischen Studien der Einfluss von 
Natriumlaurylsulfat auf Plaque und Gingivitisparameter untersucht und 
mit einer Zahnpaste ohne Natriumlaurylsulfat verglichen. 
Natriumlaurylsulfat scheint weder zu einer Reduzierung der Plaque noch 
der Zahnfleischentzündung zu führen. Jedoch empfinden Patienten den 
Geschmack, das Frischegefühl und den schäumenden Effekt als 
angenehmer. 

In vorigen Studien konnte gezeigt werden, dass Natriumlaurylsulfat 
einen irritierenden Effekt auf die Mundschleimhaut bei empfindlichen 
Patienten haben kann. Somit scheint natriumlaurylsulfatfreie Zahnpaste bei 
diesen Patienten, insbesondere bei wiederkehrenden Aphten, trotz der 
geringen Akzeptanz von Vorteil zu sein.

Zusammenfassend führen die untersuchten Hilfsmittel und 
Produkte, wie elektrische Zahnbürste, das digitale Zahnputz-
Kontrollsystem, zinnfluorid- oder triclosanhaltige Zahnpaste sowie die 
korrekte Anwendung von individuell angepassten Hilfsmitteln zur 
Reinigung von Zahnzwischenräumen, zu einer Verbesserung der 
häuslichen Mundhygiene. Der Zusatz von Natriumlaurylsulfat führt nicht 
zu einer Reduktion der Plaquewerte oder von Zahnfleischentzündungen. 
Aufgrund des schäumenden Effekts werden Zahnpasten mit 
Natriumlaurylsulfat jedoch besser von Patienten akzeptiert, können aber 
möglicherweise von empfindlichen Patienten vermieden werden ohne 
einen Nachteil zu riskieren. 
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Nederlandse samenvatting voor leken
Dagelijkse mondverzorging helpt om de hoeveelheid tandplak te 

verminderen. Daarmee vormt het de basis voor een gezonde mond. Het is 
immers bekend dat tandplak een belangrijke veroorzaker is van een 
ontsteking van het tandvlees (gingivitis) die zich kan uitbreiden naar een 
ontsteking van het ondersteunende weefsel van de tand of kies 
(parodontitis). Het is echter niet duidelijk vastgesteld of een betere 
mondhygiëne ook daadwerkelijk resulteert in een afname van de 
prevalentie van parodontitis. Onderzoek laat wel zien dat mensen met een 
goede mondzorg minder last hebben van gingivitis en parodontitis. 
Bovendien hebben ze meer tanden en kiezen in de mond. Ondanks dat de 
algemene mondverzorging onder de gehele bevolking de laatste decennia 
is verbeterd blijft er nog steeds ruimte en noodzaak om de zelfzorg te 
optimaliseren. Hoewel de meeste mensen aangeven dat zij dagelijks 
tweemaal tandenpoetsen komen desondanks tandvleesontstekingen nog 
steeds wijd verbreid voor.

Tandenborstels

Een eenmalige poetsbeurt met een handtandenborstel geeft 
gemiddeld ongeveer 42% reductie van de plakscores. Met een elektrische 
borstel is dat gemiddeld 46%. Een gemotiveerde patiënt kan met de juiste 
aanwijzingen van een tandheelkundige zorgverlener de mondhygiëne naar 
een hoger niveau tillen. In hoofdstuk 2 van dit proefschrift wordt een 
digitaal tandenpoets controle systeem getest. Door de visuele 
terugkoppeling aan de gebruiker over zijn/haar poetsgedrag kan een 
langdurige verbetering in mondgezondheid bereikt worden. De firma Oral-
B (Procter & Gamble Company, Cincinnati, OH, USA) heeft dit product, dat 
tegenwoordig ook op een smartphone kan worden geïnstalleerd, op de 
markt gebracht. Met behulp van zo’n app wordt aangegeven welke 
vlakken gepoetst zijn en ook overmatige druk van de borstel op het 
tandoppervlak wordt gebruikt wordt aangegeven. 
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Een van de zaken die regelmatig aandacht krijgt is het terugtrekken 
van het tandvlees door te hard poetsen. Dit treedt vaker op bij “dun” 
tandvlees. Naast een traumatische poetstechniek kunnen een ongunstige 
positie van de gebitselementen in de kaak en ook orthodontische 
behandelingen tandvlees recessie veroorzaken. In hoofdstuk 3 werd 
aangetoond dat in een groep proefpersonen die een hand- of een 
elektrische tandenborstel gebruikten, de mate waarin tandvlees is 
teruggetrokken na een jaar niet verder verergerd. Eerder en vergelijkbare 
onderzoek heeft ook laten zien dat een oscillerende roterende elektrische 
borstel na 3 jaar even veilig blijkt te zijn als een handtandenborstel. 

Reinigen tussen tanden en kiezen

Door alleen de tanden en kiezen te poetsen zal de tussenruimte niet 
of niet geheel bereikt worden. Het is daarom raadzaam om ook regelmatig 
een ander product te gebruiken dat speciaal hiervoor geschikt is. Idealiter 
zou zo’n interdentaal hulpmiddel de tussenruimte zo efficiënt mogelijk 
moeten reinigen, gebruiksvriendelijk moeten zijn en geen schade 
aanrichten. In hoofdstuk 4 wordt een overzicht en een kritische 
beoordeling gegeven van de beschikbare systematische reviews betreffende 
de meest gebruikte interdentale hulpmiddelen en samengevat in een 
zogenoemd meta-review.

Tandzijde 
Al het begin van de 19de eeuw werd dentalfloss gepromoot voor het 

reinigen tussen de tanden en kiezen. Tot op de dag van vandaag wordt het 
flossen nog steeds geadviseerd. De correcte toepassing is echter niet 
eenvoudig en vereist een juiste handvaardigheid van de gebruiker. Uit de 
samenvatting van de huidige literatuur blijkt dat het merendeel van de 
studies laat zien dat tandzijde niet resulteert in efficiëntere tandplak 
verwijdering dan wat met tandenpoetsen zelf kan worden bereikt. Het nut 
van floss is daarmee niet weg want het kan zeker nog gebruikt worden in 
ruimten tussen tanden en kiezen die te smal zijn voor andere interdentale 
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hulpmiddelen. Het effect van verschillende soorten van floss zoals waxed, 
unwaxed of superfloss is tot op heden nog niet systematisch onderzocht.

Interdentaal ragers 
In de jaren 60 werden interdentaal borsteltjes (ragers) 

geïntroduceerd. Ze bestaan uit een spiraalvormig draad met daaromheen 
gerangschikte haren. Deze borsteltjes zijn beschikbaar in conische en 
cilindrische vorm, met en zonder handvat. Het gebruik van een rager is de 
meest effectieve methode om tandplak in de ruimte tussen de tanden en 
kiezen te verwijderen. Er is bovendien aangetoond dat cilindrische ragers 
effectiever zijn dan conische. Recent zijn er rubberen interdentaal reinigers 
op de markt gekomen, deze zouden voor gingivitis patiënten even effectief 
zijn en worden door veel patiënten als prettig in gebruik ervaren.

Tandenstoker 
Tandenstokers zijn waarschijnlijk van alle tijden en werden al 

gebruikt door de oermens. Deze zijn verder verfijnd en zijn inmiddels 
driehoekig van vorm zodat ze goed in de tussenruimte passen. Ze zijn 
gemaakt van hout en verkrijgbaar in verschillende maten. Het indicatie 
gebied komt overeen met dat van dentalfloss, echter een tandenstoker zal 
niet goed in hele kleine interdentale ruimtes passen. De 
onderzoeksgegevens uit de huidige literatuur zijn qua effectiviteit van 
plakverwijdering met een tandenstoker onduidelijk. Stokers lijken wel 
effectief om de bloedingsneiging van het tandvlees te verminderen. Verder 
blijkt het al dan niet optreden van bloeding door het gebruik van een stoker 
voor de patiënt ook als directe controle en bewustwordingsinstrument te 
dienen op weg naar het verkrijgen van gezond tandvlees.

Monddouche 
Monddouches zijn in eerste instantie ontworpen om de tandplak 

tussen de tanden en kiezen weg te spoelen. De werking is gebaseerd op 
schuifkrachten die ontstaan door de krachtige waterstraal. Volgens de 
huidige literatuur blijkt dat de mate van tandplak verwijdering met een 
monddouche niet meetbaar is maar dat er wel sprake is van een 
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verbetering van de gezondheid van het tandvlees. In de analyse van de 
literatuur zijn de speciaal ontworpen tip voor in de tandvlees pocket (Pik 
Pocket) – Water Pik, Inc., Fort Collins, CO, USA) en ook de Sonicare® Air 
Floss (AF; Philips Healthcare, Bothell, WA, USA) niet meegenomen.

Recapitulerend, het systematische literatuur onderzoek naar 
interdentale hulpmiddelen is door de Europese Vereniging voor 
Parodontologie (European Federation of Periodontology) in een richtlijn 
samengevat. In de richtlijn wordt gesteld dat het van belang is om de 
ruimte tussen de tanden en kiezen regelmatig te reinigen. Samengevat 
blijkt er geen bewijs dat floss effectief is bij parodontitis patiënten. Ragers 
zijn de meest effectieve methode en daarmee het product naar keuze als de 
grootte van de interdentale ruimte dit toelaat. Echter bij gezonde 
interdentale ruimten is voorzichtigheid geboden, in veel gevallen zijn deze 
te klein voor juist gebruik van ragers. Voor de hele kleine ruimtes zou floss 
nog wel een rol kunnen hebben. Daarom is het van belang dat 
mondhygiëne instructie op de individuele situatie wordt aangepast. Hierin 
moeten ook de vorm van de gebitselementen, de toegankelijkheid van de 
interdentale ruimte en de vaardigheid van de persoon worden betrokken. 
Bloedend tandvlees kan zowel een teken zijn van ontsteking als van 
verkeerd gebruik. Het is van belang dat het bewustwordingsproces wordt 
ondersteund zodat bloedend tandvlees geen reden is om niet te reinigen 
maar dat dit een teken is dat zorgvuldige reiniging echt nodig is !

Tandpasta

Het is algemeen gebruik om een tandenborstel samen met een 
tandpasta te gebruiken. Het doel hiervan is om het verwijderen van 
tandplak te vergemakkelijken, om therapeutische producten te appliceren 
in de mond en een frisse adem te bewerkstellen. Tinfluoride en triclosan 
zijn veel gebruikte antimicrobiële middelen die beiden geschikt zijn om aan 
een tandpasta toe te voegen. Deze tandpasta’s zijn effectiever in het 
verkrijgen van gezond tandvlees dan een standaard natriumfluoride 
tandpasta. In hoofdstuk 5 wordt de beschikbare literatuur systematisch 
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onderzocht waarin de tandpasta’s met tinfluoride wordt vergeleken met 
triclosan. Tandpasta met triclosan en tandpasta met tinfluoride blijken 
ongeveer even werkzaam om plak en gingivitis te verminderen. Een 
mogelijk effect van tandpasta op het ontstekingsproces van parodontitis is 
momenteel nog omstreden. Tinfluoride houdende tandpasta’s hebben een 
hoger risico om externe tandverkleuring te veroorzaken. Deze verkleuring 
kan worden verminderd door de toevoeging van (hexametha)fosfaat. 
Behalve tandpasta bevatten ook veel huishoudelijke producten triclosan 
zoals zeep, shampoo en deodorant. Milieubelastende risico’s en effecten 
worden daarom wel aan triclosan toegeschreven. Er is echter daarvoor nog 
geen bewijs. Daarbij is de concentratie van triclosan in tandpasta slechts 
0.03%. Er zijn aanwijzingen dat triclosan een allergische reactie in de mond 
kan veroorzaken. Het is algemeen geaccepteerd dat het verwijderen van 
plak en het verspreiden van therapeutische producten gemakkelijker gaat 
met een schuimende tandpasta. Het schuim ontstaat door het toevoegen 
van een reinigingsmiddel (detergent). Het meest gebruikte product 
hiervoor is natriumlaurylsulfaat. In hoofdstuk 6a+b werd de invloed van 
het natriumlaurylsulfaat op de plak verwijdering en gingivitis reductie 
onderzocht. De aan- of afwezigheid van natriumlaurylsulfaat in tandpasta 
lijkt geen invloed hierop te hebben. Wel vinden patiënten een tandpasta 
zonder natriumlaurylsulfaat minder plezierig en geven aan juist het 
schuimende effect van natriumlaurylsulfaat als aangenaam te ervaren. Dit 
kan een positief effect hebben op de medewerking van de patiënt om 
dagelijks zijn/haar tanden te poetsen.
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Samenvattend, de onderzochte hulpmiddelen en producten, zoals 
elektrische tandenborstel, het digitale systeem, tandpasta met tinfluoride of 
triclosan tandpasta, en het juiste gebruik van hulpmiddelen voor het 
reinigen van interdentale ruimten kunnen allen bijdragen tot een betere 
mondhygiëne en als gevolg daarvan resulteren in een gezonde mond. 
Indien natriumlaurylsulfaat aan tandpasta wordt toegevoegd geeft dit geen 
extra effect op de verwijderen van plak en het reduceren van gingivitis. Het 
schuimeffect van tandpasta met natriumlaurylsulfaat wordt wel beter 
gewaardeerd. Bij een overgevoeligheid van natriumlaurylsulfaat kan dit 
zonder verlies van effectiviteit worden vervangen door een tandpasta 
zonder natriumlaurylsulfaat.
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List of frequently used abbreviations
AAP American Academy of Periodontology
ACTA Academic Centre for Dentistry Amsterdam
ADA American Dental Association
CAL Clinical Attachment Loss
CCT Controlled Clinical Trial
CONSORT Consolidated Standards Of Reporting Trials
DiffM Difference in Means
EMBASE Excerpta Medical database
FDA Food and Drug Administration
GRADE  Grading of Recommendations Assessment, Development &Evaluation
GI Gingival Index
IDB Inter-dental brush
MA Meta-Analysis
MEDLINE Medical Literature Analysis and Retrieval System Online
NA Not Applicable
NR Not Reported
PD Probing Depth
PI Plaque Index
PPD Probing Pocket Depth
PS Plaque Scores
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analysis
PT Powertoothbrush
PubMed Public Medline database
REC Recession (distance:marginal gingiva to cemento–enamel junction)
RCT Randomized Controlled Trial
SD Standard Deviation
SE Standard Error
SLS Sodium Lauryl Sulphate
SnF Stannous Fluoride
Tcs Triclosan
VAS Visual Analogue Scale
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