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Purpose: This double-blind, clinical, cross-over study evaluated the antibacterial effect of three toothpastes (ASF, HTP
and STP) and a chlorhexidine mouthrinse (0.2%; CHX; positive control) after a single application on established biofilm over a period of 24 h (substantivity).
Materials and Methods: Twenty-four subjects refrained from all oral hygiene measures for a period of 72 h. After
48 h, a baseline biofilm sample was taken and vitality of the biofilm flora was examined (baseline, VF0). Then they
rinsed for 1 min with one of the randomly allocated, freshly prepared toothpaste slurries (ASF, HTP, STP) or CHX.
Further biofilm samples were taken every second hour up to 14 h as well as 24 h after rinsing, and biofilm vitality
was assessed (VF2-24). After a wash-out period of 4 days, a new test cycle was started.
Results: All subjects (18 female, 6 male) finished the four test cycles. At VF2, all products showed a statistically significant reduction in vitality compared to VF0 (p<0.05). CHX and ASF revealed the most pronounced effect (49% and
40% reduction), while the other toothpastes (HTP: 24%, STP: 11%) reached lower but still statistically significant effects. At each further time point CHX and ASF showed the lowest biofilm vitality. ASF demonstrated a significant antibacterial effect on dental biofilm over a 24-h period compared to baseline and superiority over both other toothpastes
at time points VF2–VF14.
Conclusion: ASF toothpaste showed a significant antibacterial action on biofilm and a high substantivity which was
maintained up to 24 hours.
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D

ental biofilm is the main cause of caries and periodontal diseases. A toothbrush used together with toothpaste is one of the most important ways in which these
diseases can be prevented.11 However, fluorides, which are
the main ingredients in conventional toothpastes, are only
effective for caries prophylaxis. Current German data have
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shown that although periodontitis in younger and older adult
populations is decreasing, the prevalence of moderate and
severe periodontitis among young and older adults is still
high (51.6% and 64.6%, respectively). The publishers themselves emphasise that due to the demographic trend, treatment needs will increase.27
Besides fluorides, which are proven responsible for caries decline, there is great interest in using active substances which can support often suboptimal mechanical
plaque removal.9 In view of the high prevalence of periodontitis worldwide, it was recently stated that managing gingivitis by adjunctive chemical plaque control is, i.a., an important part of periodontitis prevention.17 Apart from a direct
antiplaque effect, active ingredients should show high substantivity.19 This term describes the adsorption and maintenance of antimicrobial activity of oral hygiene products beyond the application time.19 This is necessary to prevent
bacterial recolonisation until the next tooth cleaning. To
yield high substantivity, active ingredients should remain at
a high concentration for a long time after the application at
the desired location to provide ‘slow release’.8,28
Especially due to its high substantivity, chlorhexidine
(CHX) is still the gold standard for antibacterial agents in
dentistry,26 with action against a wide array of bacteria, in-
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cluding Gram-positive and Gram-negative bacteria, dermatophytes and some lipophilic viruses.18 CHX 0.2% should be
used based on a therapeutic indication, and not for long-term
daily mouth rinsing. However, due to its proven antibacterial
efficacy, it is widely used as a positive control in clinical studies aiming at comparing the antibacterial effect of daily oral
hygiene products, such as toothpastes or mouthrinses. Other
well-known substances used in toothpastes are metal ions,
essential oils, amine fluoride/stannous fluoride and triclosan, which have proven antibacterial effects and are recommended for long-term use.14,29,33 Since other components of
oral hygiene formulations could increase, decrease, mask or
nullify the substantivity of the supposed active agent, the
complete formulation should always be examined.1
Different test designs were used to test the substantivity
of toothpaste: either after single brushing with preparations,10 or after only rinsing with preparations to test the
mere antibacterial effect on saliva2,3,19 or established
plaque.8,34 This is important in so far as an active agent
affects remaining established plaque which is not reached
by the toothbrush, and its effect should prevent renewed
establishment of plaque for as long as possible. Substantivity can be measured by the quantity of active substance
remaining in the oral cavity,20,22,23 the effect on salivary
bacteria2,3,19 or by the vital fluorescence technique, which
offers qualitative information about the real activity, i.e., the
antibacterial effect of the active substance available at a
certain time point on the vital dental biofilm.8,10,34
The aim of this study was to assess the antibacterial effect
and substantivity of commercially available toothpastes applied as slurries on established dental biofilms over 24 h by
measuring the vitality of dental biofilm at different time points.

MATERIALS AND METHODS
The clinical study was randomised, double-blind, controlled,
cross-over, monocentric and comprising 24 subjects, with a
previously described design.8 It was performed in the Department of Periodontology of the Philipps University, Marburg. The protocol for the study was reviewed and approved
by the Medical Ethics Committee of Philipps University, Marburg, and not commenced until approval had been obtained
(#244/12). The study was performed in compliance with
Good Clinical Practice (GCP) and the Declaration of Helsinki. Subjects were only included into the study after having given written consent.

Study Population
An initial screening ascertained the eligibility of the subjects
to take part in the study. Of the 32 volunteers screened, 8
did not meet the in- or exclusion criteria. After written patient information was provided, a total of 24 (18 female and
6 male) subjects with a mean age of 25.7±7.4 years were
included in the study and signed a declaration of consent
(see study flowchart, Fig 1).
Inclusion criteria were good health, at least 20 natural
and assessable teeth, and effective contraception. Exclusion
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criteria were on-going dental treatment or any other medical
treatment of the oral cavity, any known allergy to previously
used oral hygiene products or dental materials which are
used in the oral cavity or in the throat, any known allergy to
the ingredients of the study product or the standard toothpaste used during the study, current periodontitis or nonphysiological tooth mobility, any pathological change of the
oral mucosa or gingiva, poor oral hygiene (papilla bleeding
index >30%), use of antibiotics or other medicines during the
last six months which could disturb plaque formation, abuse
of drugs and alcohol, pregnancy or breastfeeding, and the
participation in a clinical study within the previous 30 days.

Test Products
The following toothpastes and solutions were tested:

y ASF: toothpaste with amine fluoride/stannous fluoride,
1400 ppm fluoride (Meridol toothpaste, Colgate-Palmolive Europe; Therwil, Switzerland)
y HTP: toothpaste with herbal ingredients and 1400 ppm
(sodium) fluoride (Parodontax mit Fluorid, GlaxoSmithKline; Bühl, Germany)
y CHX: Chlorhexamed forte 0.2% mouthrinse (with alcohol;
GlaxoSmith-Kline)
y STP: (standard) toothpaste with 1450 ppm (sodium) fluoride (Signal Kariesschutz, Unilever Deutschland; Hamburg, Germany)

Randomisation and Blinded Supply of the Products
To prevent uncontrollable influences, the study was performed randomly and under triple blind conditions: neither
the subjects, nor the investigator, nor the statistician knew
which product was tested. All products were delivered by
the sponsor in identical tubes and supplied by a laboratory
assistant, who was not otherwise involved in the study. The
subjects received the allocated toothpaste slurry or rinse (in
case of CHX) in the same cup, not being aware of the preparation. The subjects were randomly allocated to the different treatments according to a random allocation table and
assigned to numbers by the order of their attendance for
the initial treatment phase according to a randomisation
scheme provided by the sponsor. The randomisation code
was kept in a sealed envelope and was disclosed after all
examinations were finished.

Study Design
Recruitment and study schedule are illustrated in the flowchart (Fig 1). In order to standardise oral conditions and create similar initial conditions, all participants had to undergo
professional tooth cleaning, which was performed before the
start of the study and removed all tartar and calculus at the
start of the study. Each subject was given a toothbrush
(elmex interX soft toothbrush, Colgate-Palmolive Europe) and
a toothpaste with a low concentration of active substances
(Signal caries protection, Unilever, Hamburg, Germany) to
use for their oral hygiene homecare routine during the washin phase at the start of the study and the wash-out phases
between the individual cycles. Afterwards, the subjects were
required to dispense with their oral hygiene homecare rouOral Health & Preventive Dentistry
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Fig 1

Flow chart of the study.
Recruitment

Screening: Visit 0 (n = 32)
– Information about the schedule, aims and risks of the study
– Medical history
– Check of inclusion and exclusion criteria
– Examination of the oral cavity
– Scale and polish, removal of tartar and calculus
– Issue of toothbrush and toothpaste
Participants (n = 24)
– Consent form signed
– Randomisation

Preparaion

Treatment

Test product
allocation

Persons rejected (n = 8)
– Inclusion/exclusion criteria
not met (n = 8)
– Declined to participate

Wash-in phase
– Forgoing oral hygiene homecare routine for the next 72 hours
Baseline visit 0 (Visit 1.1)
– Check of data from history
– Check on compliance (no customary oral hygiene at home in
the last 48 hours)
– Baseline plaque sample taken (teeth 16/36) (VFO)
– Analysis of plaque sample

ASF

HTP

CHX

STP

Rinsing with each test product (1 minute)
Visit 1.2 – 1.8
– Visit 1.2: plaque
– Visit 1.3: plaque
– Visit 1.4: plaque
– Visit 1.5: plaque
– Visit 1.6: plaque
– Visit 1.7: plaque
– Visit 1.8: plaque

samples
samples
samples
samples
samples
samples
samples

after
after
after
after
after
after
after

2 hours (24/44) (VF2)
4 hours (14/34) (VF4)
6 hours (45/25) (VF6)
8 hours (15/35) (VF8)
10 hours (26/46) (VF10)
12 hours (23/43) (VF12)
14 hours (13/33) (VF14)

Visit 1.9
– Check on compliance (no customary oral hygiene at home in
the last 48 hours)
– Plaque samples after 24 hours (12/22/32/42) (VF24)
– Quality of life questionnaire
Wash-out phase (4 days)
– Use of toothbrush and paste supplied
Repeat of cross-over cycle

tine for the next 72 h. After 48 h of unhindered plaque formation, a dental probe was used to obtain a plaque sample
(48-h-old plaque biofilm) taken from the vestibular and oral
aspects of two specific teeth.16,36 The sample was applied
to a microscope slide, stained and analysed under the microscope by a vital fluorescence technique to determine a
baseline vitality value (VF0). This technique was recently reviewed and described in detail.32 After the first sample was
taken, the participants were required to rinse for 1 min with
a randomly allocated solution (10 ml) or slurry under the
supervision of a lab assistant not otherwise involved in the
study. The slurries were mixed from 3 g toothpaste and
10 ml distilled water into a homogenous paste, immediately
Vol 16, No 2, 2018

filled into cups and distributed to the volunteers according
to the randomisation schedule. The toothpastes were prepared as a slurry to prevent any mechanical oral hygiene
action from having an effect on the plaque biofilm.
Further plaque samples were taken 2, 4, 6, 8, 10, 12,
14 and 24 h after VF0 from two teeth each. All of these
samples were stained and analysed as described before
(VF2–VF24).
Adverse events were recorded at every visit. Furthermore, the volunteers answered a questionnaire about their
acceptance and also possible side effects of the toothpastes at the end of each test cycle, recorded in a qualityof-life questionnaire.
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Fig 2 Biofilm vitality (in %) before (VF0)
and after application of the products at the
different time points (VF2–VF24).
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A new test cycle was started after a wash-out period of 4
days, in which the volunteers could return to their usual oral
hygiene routine. This period was needed to avoid carry-over
effects. During these phases, the participants had to use
the toothpaste and the toothbrush provided.

Microbiological Evaluation: Biofilm Vitality (VF%) as
the Primary Outcome Measure
The vital fluorescence technique – in which vital bacterial
cells are stained green by fluorescein diacetate (FDA) and
metabolically inactive (nonvital) cells are stained red by
ethidium bromide (EB) – was recently extensively described
and is recognised as a valid method.32 After the completion
of the staining reaction, a cover slip (Menzel; Braunschweig, Germany) was pressed firmly down onto to the sample. The evaluation was performed under a microscope
(Axio Imager A2, Carl Zeiss; Göttingen, Germany). Four pictures of different parts of each sample were taken with a
digital camera (AxioCam; Carl Zeiss). The vitality of the
plaque samples was determined using an image analysis
programme (Axion Vision Rel. 4.8) to differentiate green
(vital) and red (nonvital) bacteria. The vitality (VF percentage) was determined by the proportion of vital cells to the
sum of vital and nonvital cells of the sample.8

VF 14

VF 24

was calculated. With regard to possible dropouts, a sample
size of n = 24 was determined.
Data from this clinical trial were documented on report
forms and the results of VF entered into an Excel table and
then into SPSS (v. 21). Statistical analysis was carried out
by a statistician (CH). Besides the descriptive analysis
(mean, standard deviation, box plots, line diagrams), the
results of each of the four treatment groups at each measurement time (2, 4, 6, 8, 10, 12, 14, 24 h) were compared with baseline (0 h). As these were observations on
the same test subject, the paired Wilcoxon signed-rank test
was carried out for intragroup comparisons. A repeated
measures linear mixed model was calculated to examine
the intergroup differences separately at each time of measurement. The cross-over design of the study was taken
into account, and therefore four values (corresponding to
the four groups) were measured each time on the same
test subject.

Monitoring
The study was monitored in accordance with international
ethics and scientific quality standards (Good Clinical Practice directive) by RMC Consult; Rheinfelden, Germany.

Further Outcome Measures: Quality of Life
Questionnaire

RESULTS

After the last plaque sample had been taken for each product, the participants were given a questionnaire to complete
(quality of life). In this way, they were able to provide information on flavour, taste disturbance and mouth burning during the application of the products, and also mention any
possible side effects or irritation.

Each of the 24 participants (18 female and 6 male) between the ages 19 and 48 years (mean age 25.7 years)
completed all test cycles. Figure 2 illustrates the course of
substantivity during the 24-h observation period. Table 1
gives all the vitality values ± standard deviations as well as
the results of comparisons with baseline values (VF0) for
the four groups. Table 2 lists the statistical comparisons
between the products at each follow-up.
Two hours after application, all toothpastes caused a
significant reduction in plaque vitality (VF2) when compared
to their corresponding baseline value (VF0). CHX and ASF
demonstrated the greatest reduction (49% and 40%, re-

Sample Size Estimate, Power Calculation and
Statistical Analysis
Based upon mean outcomes (± SD) of a previous study,8
for a two-sided test of equality of means at the 0.05 level
of significance with 80% power, a need of n = 21 volunteers
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Table 1 Vitality values (VF in %; ± SD) at baseline (VF0) and at different time points (VF2–VF24) as well as
statistical comparisons compared to baseline
VF0

VF2

P
VF2 vs
VF0

VF4

P
VF4 vs
VF0

VF6

P
VF6 vs
VF0

VF8

P
VF8 vs
VF0

VF10

P
VF10 vs
VF0

VF12

P
VF12 vs
VF0

VF14

P
VF14 vs
VF0

VF24

P
VF24 vs
VF0

CHX

93.8
± 3.7

47.7
± 12.3

<0.001
***

49.9
± 14.9

<0.001
***

47.6
± 17.1

<0.001
***

51.5
± 14.1

<0.001
***

54.1
± 17.9

<0.001
***

53.8
± 18.1

<0.001
***

54.1
± 21.5

<0.001
***

69.4
± 20.5

<0.001
***

ASF

90.3
± 7.6

54.6
± 12.1

<0.001
***

58.3
± 14.7

<0.001
***

63.3
± 13.3

<0.001
***

63.9
± 16.6

<0.001
***

62.6
± 15.8

<0.001
***

68.6
± 14.2

<0.001
***

70.1
± 12.0

<0.001
***

84.2
± 8.0

0.006
**

HTP

89.1
± 7.6

67.4
± 13.1

<0.001
***

66.3
± 15.5

<0.001
***

75.3
± 12.8

<0.001
***

75.9
± 13.0

0.002
**

81.8
± 11.5

0.052
n.s.

86.2
± 8.9

0.199
n.s.

83.4
± 9.4

0.049
*

88.3
± 5.3

0.648
n.s.

STP

90.8
± 6.5

81.0
± 9.7

0.001
***

75.6
± 14.6

<0.001
***

76.6
± 18.3

0.001
***

83.6
± 9.2

0.015
*

86.6
± 9.1

0.130
n.s.

89.2
± 7.8

0.587
n.s.

85.0
± 10.5

0.670
n.s.

90.7
± 5.9

0.819
n.s.

n.s.: not significant, shaded in blue; *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001, Wilcoxon Rank-Sum test.

Table 2

Statistical comparison between the groups at the different time points (VF0–VF24)
pVF0

pVF2

PVF4

pVF6

pVF8

pVF10

pVF12

pVF14

pVF24

CHX vs ASF

0.479
n.s.

0.229
n.s.

0.278
n.s.

0.002
**

0.013
*

0.241
n.s.

0.004
**

0.001 ***

0.001 ***

CHX vs HTP

0.078 n.s.

0.000
***

0.001
***

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

CHX vs STP

0.669
n.s.

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

0.000
***

ASF vs HTP

1.000
n.s.

0.001 ***

0.335
n.s.

0.037
*

0.018
*

0.000
***

0.000
***

0.009
**

1.000
n.s.

ASF vs STP

1.000
n.s.

0.000
***

0.001
***

0.023
*

0.000
***

0.000
***

0.000
***

0.003
**

0.339
n.s.

HTP vs STP

1.000
n.s.

0.001 ***

0.159
n.s.

1.000
n.s.

0.305
n.s.

1.000
n.s.

1.000
n.s.

1.000
n.s.

1.000
n.s.

n.s.: not significant; *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001 by repeated measures linear mixed models.

spectively) compared to VF0. HTP and STP resulted in lower
reductions of 24% and 11%, respectively, but still had significant effects (p < 0.05).
At VF2, CHX and ASF were significantly different from PAR
(p ≤ 0.001), while at the same time point, all three products were significantly different from STP. The VF values of
ASF and CHX were not significantly different from each
other at VF2.
Over the 24-h time period, CHX demonstrated significantly lower vitality values after every application (VF2-VF24)
compared to HTP and STP. CHX was significantly different
from ASF at VF6, VF8, VF12, VF14 and VF24, while the values
were not significantly different at times VF2, VF4 and VF10.
When compared to HTP, the use of ASF showed significantly lower vitality values at all time points except VF4 and
VF24.

Evaluation of the Quality of Life Questionnaire
The questionnaire was evaluated descriptively and the results are shown in Table 3. Overall, ASF and STP were rated
Vol 16, No 2, 2018

the best, with similar assessments. Regarding the taste of
the product, 19 out of the 24 test subjects found ASF to
have a pleasant taste, while 20 of 24 thought STP tasted
pleasant. Three participants described ASF as mild, four
said the same of STP. One subject found ASF tasted spicy
and another one described it as bitter. While 10 subjects
found CHX pleasant, two thought it was unpleasant and 12
described it as spicy; a clear majority (16 of 24 test subjects) thought HTP was unpleasant. One subject in each
case found HTP spicy or bitter, while three thought it was
salty. Only three test subjects found HTP to be pleasant.
None of the participants noticed any unusual taste after
using STP, but one did after ASF, two after HTP, and nine
with CHX (each time out of 24). The feeling of freshness
experienced after use was rated on a visual analogue scale
of 0 to 10 (0 = not fresh at all; 10 = very fresh). In this assessment, ASF ranked first, with a mean score of 7.4, better than CHX with 7.2. The corresponding scores for STP
and HTP were 6.3 and 4.9, respectively. No subject had an
unpleasant sensation after rinsing with STP, although two
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Table 3

Evaluation of the quality of life questionnaire
ASF

HTP

STP

CHX

19

3

20

10

unpleasant

0

16

0

2

spicy

1

1

0

12

mild

3

0

4

0

bitter

1

1

0

0

others

0

3 salty

0

0

yes: 1
no: 23

yes: 2
no: 22

yes: 9
no: 15

yes: 0
no: 24

7.4

4.9

7.2

6.3

Unpleasant sensation after rinsing

yes: 2
no: 22

yes: 3
no: 21

yes: 4
no: 20

yes: 0
no: 24

Would you use the product regularly?

yes: 16
no: 8

yes: 2
no: 22

yes: 12
no: 12

yes: 17
no: 7

Taste of the product

pleasant

Unusual taste (irritation)
Feeling of freshness after use
(VAS 0 = not fresh at al, 10 = very fresh)

test subjects did after ASF, three after HTP, and four after
CHX (each time out of 24). Asked whether they would use
the product regularly, 17 said they would use STP and 16
agreed they would use ASF. Half of the participants (12/24)
would use CHX regularly but only two said they could see
themselves using HTP on a regular basis.

DISCUSSION
Aside from a mere antibacterial effect, active agents in oral
hygiene products need a prolonged effect far beyond the
single rinsing time; this is called substantivity and clearly
differs from requirements for (antiseptic) agents generally
used in medicine. Gaffar et al21 stressed that retention of
an active substance per se is not the only factor for ‘antiplaque activity’; more importantly, the remaining concentration must remain biologically active. This was confirmed in
the 2nd European Workshop on Periodontology.28
The aim of this study was to examine the antibacterial
effect as well as the substantivity independently of their
mechanical cleaning properties. Many studies address this
issue.1,4,8,12,24,25,34 However, all authors point out that parameters for measuring a biologically active substance are
limited. Due to ethical concerns, radiolabelling of substances with 14C – as performed with chlorhexidine13 – is
no longer done. While different investigations only measure
the quantity of active substance remaining in the oral cavity,20,22,23 the vital fluorescence technique offers a qualitative statement about their real activity and clinical effect,
i.e. the antibacterial effect on the vital dental biofilm of the
active substance available at a certain time point.8,32,34
To avoid overlaps or interactions with the mechanical
cleaning effect by toothbrushing but to simultaneously
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mimic the clinical situation, toothpastes were used as slurries by mixing with water. The ratio was chosen so that
simple rinsing reproduces the quantity of the active substances present in the oral cavity during normal toothbrushing.1,4,8,12,24,25 While some studies used water as a negative control and not a placebo paste due to the complexity
of toothpastes and the possible effects of common ingredients, e.g. detergents,1,4 the present study examined the
clinical effect of commercially available toothpastes. Therefore, three toothpastes with a known antibacterial agent
(ASF) or herbal ingredients (HTP) and a standard toothpaste
with not specifically declared antibacterial agents (STP)
were used. A chlorhexidine solution served as a positive
control, since it is still the gold standard26 and allows the
comparison with previous studies.
Aside from CHX, ASF toothpaste yielded the lowest vitality at every time point within the present study and demonstrated a significant antibacterial effect on the dental biofilm over a 24-h period. Compared to the other toothpastes,
the effect of ASF and CHX two hours after rinsing was considerably higher. The mere antibacterial effect of amine
fluoride/stannous fluoride and its influence on plaque regrowth and gingivitis has already been established in different clinical studies.6,7,9,15,16 The present study also confirmed the superior effect of CHX, followed by ASF,
compared to essential oils or other agents against plaque
and gingivitis, as also found in previous studies.6,7,15,16
Those studies only speculated that different substantivity
could be the reason for an antibacterial effect, since ASF
started at a comparable level with CHX, but declined during
the course of the study, while other agents in toothpastes
could not reach the effect of CHX and ASF.
The literature contains no data on the substantivity of
the HTP toothpaste or its combination of ingredients, which
Oral Health & Preventive Dentistry
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is based on herbal extracts such as myrrh, echinacea,
chamomile and rhatany, as well as bicarbonate. In other
clinical studies, no specific effect on biofilm vitality or on
clinical parameters could be found.30,31 The present data
demonstrate a significant reduction of vital plaque biofilm
flora from time point VF2 to VF8 and again at VF14 compared
to the baseline (VF0). This suggests a good substantivity of
the HTP, albeit not reaching that of CHX and ASF. The same
is true for the STP, which served – in the broadest sense –
as control, since it contains no specifically antibacterial
agents. This toothpaste also yielded a significant antibacterial effect up to VF8 compared to its baseline, which then
however diminished and was significantly lower than CHX
and ASF.

9.

10.

11.

12.

13.
14.
15.

16.

CONCLUSION
CHX as well as all toothpastes showed significant antibacterial effects until 8 h after application compared to their
baseline values. The effect of CHX and ASF was continuously present over 24 h. while the effect of both other products (HTP and STP) diminished and was no longer significant. The participants’ subjective assessment of the
products rated ASF and STP similarly, both products being
viewed much more positively than the other two.

17.

18.
19.

20.

21.
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